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ABSTRACT 
 

For some time, psycholinguists have been interested in individual differences in 

sentence comprehension. This interest centres on the processing of ambiguous 

sentences. In the sentence, Someone shot the servant of the actress who was on the 

balcony, there is now evidence to suggest that natives speakers assign syntax – or 

‘parse’ – in a manner more consistent with the quirks of their native language than 

universalist parsing principles. In another instance of the same ambiguity, people have 

been shown to prefer one reading strategy to another (Corley, 1995). To be sure, these 

findings of individual differences are overshadowed by the mainstream literature, which 

typically holds that such differences reflect fixed language effects or noise. The case for 

differences is further hampered by the labours involved in obtaining them. But in some 

cases where they have been obtained – for example, the Main Verb/Reduced Relative 

ambiguity (Just & Carpenter, 1992) – an hypothesis has been proposed that may tie 

individual differences in reading to individual differences in memory resources. These 

data are not without criticism, but they provide a working hypothesis that bears pursuit. 

In this thesis, the working hypothesis is tested in the domain of the RC-attachment 

(Someone shot the servant…), which has already elicited individual differences.  

This thesis, which comprises one off-line study, a second two-phase off-line study, a 

computational model, another off-line study, and a final on-line study, found no strong 

relationship between reading span and individual differences in attachment with the 

most strict measures of working memory. This casts doubt on the role of resource 

differences in parsing. The first off-line study was exploratory, whereas the second 

targeted a difference between two major parsing-resource theories. Both studies offered 

an opportunity for readers with a higher verbal working memory to demonstrate 

differences in attachment behaviour, but no strong evidence was found - while the 

second study showed a relationship between one measure of reading span and 

preference, another stricter measure did not show such a relationship. The final study, 

which was on-line, followed the creation of a computational model that suggested that 

looking for the immediate use of contextual information by higher span readers (where 

the consensus is, at present, that contextual information is used non-immediately). In 

sum, the role of resources was systematically investigated and no definitive evidence 
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was found. This thesis concludes that resources are an unlikely candidate for individual 

differences in RC-attachment. 
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CHAPTER ONE: INTRODUCTION 

INTRODUCTION 

1.1 Questions and Thesis Plan 

1.1 Language and Memory 

Telepathy derives from ‘perceiving or feeling from a distance’ (Oxford English 

Dictionary, 1989). By this definition, language is telepathy. Thoughts are, after all, 

expressed as words and translated back into thoughts. Syntax – the relationship between 

constituents in a sentence – is crucial in reverse-engineering a sentence into a form 

intended by the producer (Harley, 1995). The mental machinery that performs this 

operation is called a parser (see 2.2.2 What is Parsing?, p. 18). 

The knowledge required for linguistic behaviour is termed linguistic competence, 

whereas the use of this knowledge is termed linguistic performance (Chomsky, 1965). 

Traditionally, language psychologists have been concerned with the latter: for example, 

What kind of information is used in the assignment of syntactic structure? (see 2.3 

Classes of Parsing Models, p. 32) and Do people parse in the same way? (see 2.4 

Differences in Parsing, p. 42). 

Memory researchers plough a nearby furrow. They are concerned with the 

characteristics of memory. Intuitively, it is clear that the parser must use a memory 

store. We must identify he in Although he spoke softly, yesterday’s speaker could hear 

the little boy’s question (Just & Carpenter, 1980). Somebody liked soup in Jake bought 

his new girlfriend a turtle for Christmas. He decided to take it back to the shop when he 

discovered she liked soup (Mitchell, 1982). There is an inconsistency to be resolved in 

The dentist used the drill. He found it useful for mastering the Latin and Greek verbs 

(Daneman & Carpenter, 1983). 

Within psycholinguistics, evidence for individual differences in parsing has been 

growing (see 2.4 Differences in Parsing, p. 42). The challenge is to explain them. These 

differences are problematic for universalist approaches (where performance processing 

is considered largely innate). To incorporate the differences, a theory must permit 
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individual variation. But variation in what? Evidence at the conflux of psycholinguistics 

and memory research suggests that verbal working memory capacity may be linked to 

individual differences in parsing. This thesis investigates the extent to which these 

individual differences may be related to (and perhaps attributed to) differences in 

memory. 

1.2 Thesis Plan 

Here we will outline the thesis. Inevitably, some terms with specific meanings and 

assumptions will be used. These will be defined at length in Chapters Two and Three. 

This thesis is concerned with the investigation of parsing theories from the 

standpoint of individual variation in memory. In the second chapter, a pragmatic 

definition of language will be proposed along with a rudimentary parser. The chapter 

will go on to set out the common separation of syntax and semantics, comprehension 

and production, and writing and speaking. We will then examine the use of ambiguous 

sentences and the manner in which they are examined: Event-Related Potentials (ERP), 

eye-movement tracking and self-paced reading studies; and tick box- and sentence-

completion questionnaires. 

We will then discuss the different classes of parser. These are: the serial parser, 

which may proceed deterministically or probabilistically; the delayed-attachment parser; 

and the parallel parser, which develops unweighted, ranked or weighted representations. 

The review of the evidence, which will include the results of cross-linguistic studies, 

will tentatively conclude that weighted parallel models find the most empirical support, 

though both types of serial parser have yet to be convincingly falsified. 

In the third chapter, a variety of theoretical issues will be introduced. Parsing theories 

generally accept the role of working memory in parsing. If evidence is consistent with 

the notion that working memory may vary between individuals, then this may lead to 

differences in the parsing process itself. However, on this point, the evidence is 

indicative but not conclusive. As Navon noted (1984), while capacity is a useful 

metaphor, it is inherently difficult to falsify. 

Some issues are difficult to address, such as the status of the Daneman and Carpenter 

(1980) reading span test (DC RST) as a measure that reflects the resources used in 

initial parsing. Another concerns whether there are genuine differences between higher- 

and lower-span readers in initial processing. It will be suggested that, for this reason, the 

first empirical study in the thesis should be exploratory in nature. A number of variables 
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will be measured to see if they relate to the DC RST in some way – that is, identify 

ways in which higher- and lower-span readers may vary in their reading strategies. 

In the fourth chapter, this exploratory study is presented. A forced-choice off-line 

questionnaire was used to examine the relationship between off-line attachment 

preferences in a globally ambiguous NP1-NP2-RC ambiguity (e.g. Someone shot the 

servant of the actress who was on the balcony, see Figure 1, p. 24) and reading span (as 

measured by the DC RST). The ambiguity was manipulated in three ways: (i) the 

semantic relationship – termed sentence type – between NP1 and NP2 (kin relation, 

alienable/possessive, representational and possession/inanimate; after Gilboy, Sopena, 

Clifton & Frazier, 1995); (ii) presence of absence of an adjecitval modifier within NP1 

or NP2; and (iii) type of determiner (a or the) within NP1 and NP2. Reading span was 

assessed using the Daneman and Carpenter (1980) reading span test (DC RST). 

Attachment preferences were scored as an NP1 bias1. An items analysis indicated 

reliable individual differences in RC attachment for three of the four experimental 

questionnaires. There was a general Late Closure effect. An overall effect of sentence 

type was also found: the lowest NP1 preference for kin relation, then 

possession/inanimate, then representational, then alienable/possessive. There was also 

an interaction between reading span and sentence type, but an analysis of means did not 

provide a clear indication of what underlies the interaction. A main effect of modifier 

was found, but, again, its direction is unclear; NP1 bias was higher when both sites were 

unmodified. There was no interaction between modifier and span. There was no main 

effect of determiner and no interaction between determiner and reading span. The data 

suggest that the DC RST is somehow related to individual differences in RC attachment, 

but there is no coherent role for resources. Methodological concerns with the DC RST 

are discussed. It is suggested that the Waters, Caplan and Hildebrandt (1987) reading 

span test (WC RST) is a more appropriate test of verbal working memory than the DC 

RST. 

In the fifth chapter, a second empirical study will be presented. One feature of the 

Connectionist Account of resources in parsing (MacDonald and colleagues) that 

distinguishes it from Single Resource Theory (Carpenter and colleagues) concerns the 

maintenance of alternative structures. (These theories will be introduced and discussed 

                                                 
1 That is, a percentage score representing the proportion of attachment decisions where the ambiguous 

constituent (e.g. who was on the balcony) was interpreted as associated with NP1 (e.g. the servant). The 
inverse represents NP2 attachment. 
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in 3.2.2 Resource theories, p. 56.) The Connectionist account proposes a serial 

probabilistic mechanism (e.g. Pearlmutter & MacDonald, 1995), where processing 

should be influenced by the plausibility of competing structures. The Single Resource 

Theory of Carpenter and colleagues, as implemented in the CC-READER production 

system framework, proposes a weighted parallel model (e.g. Just & Varma, 2002); this 

model generates parsing structures only if they are consistent with a possible 

interpretation of the current sentence. The probabilistic serial mechanism of the 

Connectionist Account, on the other hand, should be influenced by the plausibility of 

structures that need not serve as a candidate interpretation for the current sentence. For 

example, given the sentence Someone shot the servant of the actress who was on the 

balcony, the Carpenter account will entertain two parse trees (high and low attachment) 

as resources permit. The MacDonald account, however, should process an alternative 

structure – Someone shot the actress’s servant who was on the balcony – and use an 

assessment of this alternative when evaluating the correct attachment site for Someone 

shot the servant of the actress who was on the balcony. The ability to process the 

plausibility of the alternative structure should increase as reading span increases. 

The study presented in the fifth chapter set out to test the two theories. So doing, it 

intended to (i) identify theoretically-driven differences in parsing due to processing and 

storage limitations and (ii) provide evidence consistent with one or other of the two 

theories. This study comprised two phases. In Phase I, participants were given an off-

line forced-choice attachment questionnaire together with the Waters, Caplan and 

Hildebrant (1987) reading span test (WCH RST; its advantages over the DC RST are 

discussed in 4.2 Method, p. 102). In Phase II, completed at least one month later, 

participants were given a similar questionnaire. The data were collected in two phases to 

aid with counterbalancing. Participants were provided with NP-NP-RC ambiguities (e.g. 

The butler cleaned the collar of the gentleman that had been sprayed with champagne). 

Each item had a Saxon genitive alternative (e.g. gentleman’s collar). On the basis of 

experimenter intuition that an animate object is more likely to possess another than is an 

inanimate object, it was suggested that an animate NP2 would form a more plausible 

Saxon genitive (e.g. gentleman’s collar) than an inanimate NP2 (e.g. suit’s collar). 

Participants saw one version of each sentence with an animate NP2 and one version that 

was inanimate; each version was presented in one of the two questionnaires. Analysis of 

Variance conducted on NP1 bias scores indicated the presence of reliable individual 

differences. Because NP1 bias did not correlate between Phases I and II (which suggests 
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a failure to systematically manipulate the plausibility of the Saxon genitive alternative) 

independently-rated plausibility scores for the alternatives were correlated with span. 

The WCH RST provides two measures of reading span: one is quite similar to the DC 

RST (the recall-criterion span) and the other incorporates both recall and processing 

during the WCH RST (the processing-storage span). Only the recall-criterion 

significantly correlated with NP1 bias in the direction hypothesized by MacDonald and 

colleagues; that is, the direction that indicates higher-span readers change their 

preference towards NP2 when a plausible alternative that would have disambiguated 

NP1 attachment has not been used. The two types of span measure are discussed. 

In the sixth chapter, a connectionist model of reading span in on-line processing will 

be described. Reading span research has benefited from attempts to model parsing in a 

resource-constrained environment (Just & Carpenter, 1992; MacDonald & Christiansen, 

2002). We will discuss two models: CC-READER (the symbolic, multi-syntactic 

representation model of Carpenter and colleagues; see Just & Carpenter, 1992), and a 

Simple Recurrent Network (SRN; see Elman, 1990) presented by MacDonald and 

Christiansen (2002). Both attempt to explain the relationship between reading span (the 

DC RST) and on-line processing in a centre-embedded ambiguity (King & Just, 1991; 

see Complexity: Centre-embedded sentences, p. 79 of this thesis; and see below). It is 

suggested that the CC-READER framework is less consistent with the on-line data than 

the SRN. On the basis of this, a new connectionist-inspired model of on-line processing 

in RC-attachment ambiguities is presented. The task of the model is to make an 

attachment decision – high or low – at the point of the relative pronoun. The model 

comprises a syntactic processor and a contextual processor. These provide information 

for the current parsing solution. If the two processors are not in agreement, they 

compete for control of a node that representation the parsing solution. When the node 

activation reaches a threshold level, the model is said to have reached a parsing 

decision. In higher-span readers, syntactic and contextual information are both 

processed quickly. In lower-span readers, resource constraints force predominantly 

syntactic processing while contextual processing lags behind. Where context and syntax 

compete for different solutions, higher-span readers will initially attach to the context-

congruent solution; lower-span readers, by contrast, will initially attach to the syntax-

congruent solution. The chapter ends with specific hypotheses that will be used as the 

foundation for the next empirical study. 
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In the seventh chapter, a self-paced reading experiment will be presented. It is 

intended to help determine the role of reading span in on-line sentence processing of 

two-site relative clause ambiguties (e.g. Someone shot the servant of the actress who 

was on the balcony). Referential context is manipulated to favour a high or low 

attachment. Relative clause attachment is disambiguated grammatically at the first word 

following the relative pronoun that. This early disambiguation allows us to examine the 

immediate use of referential context. To be sure that the materials were sufficiently 

biasing, a sentence-completion study was performed. The results of the reading 

experiment indicate that no participants are influence in their attachment decision by the 

referential context. However, there was no relationship between an individual’s reading 

span and the influence of referential context. 

The thesis will conclude that, while there is some evidence to suggest that resources 

may play a role in initial parsing (see 3.3.4 The role of reading span in parsing, p. 79), 

there is not yet evidence to make the claim that these resource limitations contribute 

substantially to individual differences in parsing. 
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CHAPTER TWO: PARSING 

 PARSING 

2.1 Overview 
We will open this review with a definition of parsing, then move on to outline 

individual differences in parsing and how these affect major parsing theories. In the next 

chapter, we will consider the role of working memory in parsing. 

2.2 Questions and Assumptions 

2.2.1 What is Language? 

In 1960, the American linguist Charles Hockett attempted to identify the ‘design 

features’ of language (Aitchison, 1999). These features suggest that, perhaps, only one 

aspect of language is unique. Sound signalling, for example, is used by birds (Doupe & 

Kuhl, 1999), dolphins (Reiss & McCowan, 1993), and monkeys (Brown, Gomez & 

Waser, 1995). Arbitrariness (the use of a conventional signal to represent an entity) is 

used by monkeys to warn of snakes and leopards (Seyfarth & Cheney, 1990). Learning 

a communicative vocabulary is demonstrated by the same monkeys of their warning 

system, but also by birds of their song (Doupe & Kuhl, 1999). Similarly, duality (where 

a single phoneme may have more than one meaning) may not be a sole human trait; 

captive chimpanzees can learn as much (Savage-Rumbaugh & Fields, 2000). However, 

the balance of evidence suggests that patterning and structure dependence (i.e. 

grammar) evades all animals but humans (Kuczaj & Kirkpatrick, 1993). In one sense, 

then, grammar is the secret ingredient of language. 

 

2.2.2 What is Parsing? 

Parsing attempts to uncover this secret ingredient. Its goal is the full and accurate 

recovery of the syntactic relationships among constituents within a sentence (Aitchison, 
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1999). This forms part of the Human Sentence Processing Mechanism (HSPM). A 

simple model of this process was suggested by Greene (1972) and comprises four basic 

stages. 

The first is lexical processing. This rests on the assumption that every human brain 

contains a lexicon, which is a repository of the words1 that make up any natural 

language. Next is syntactic processing. This involves parsing in combination with 

mechanisms designed to provide additional information on syntactic structure (e.g. 

pitch, punctuation, stress and rhythm). At this point there is no real understanding of 

meaning. This comes with semantics and semantic processing. More complete 

understanding is achieved at the final stage, discourse processing, which involves the 

integration of semantic units into a tone, narrative or argument. 

Remnants of Greene’s model can still be found in the mainstream parsing literature 

(e.g. Construal Theory; Frazier & Clifton, 1996). While each component is indirectly 

related to the literature described in this thesis, two are directly related: (i) ‘initial 

parsing’ (i.e. the notion that first-stage processing will be most associated with the 

hypothesized ‘parser’, whereas later processing may involve secondary, non-linguistic 

processes; for this reason, researchers are most interested in initial parsing) and (ii) the 

dissociation of syntax and semantics. 

2.2.3 Separating Syntax and Semantics 

As a computer parses instructions during a program, information about what an entity 

means and how it should be used are dissociable. This separation is usually assumed for 

humans too (Aitchison, 1999; Harley, 1995). This is partly associated with the work of 

Noam Chomsky, who is one of the most frequently-cited academicians in western 

culture. He has made the claim (e.g. 1968) that, in human language, the what 

(semantics) and the how (syntax) are quite separable. For example, in this sentence, 

 

(1) Colourless green ideas slept furiously. 
 

                                                 
1 A word is a linguistic unit with several characteristics: it must express a concept; it must be discrete; it 

must be a member of a syntactic category; it will often change form to indicate a semantic or syntactic 
change. This is a teleological description. An alternative would define a word as a stretch of sound that 
cannot be produced using rules (Pinker, 1999); this would suggest that walked is two words (walk + ed), 
and would classify prefixes, suffixes, and even idioms and collocations as words. Such memorized 
chunks are sometimes labelled listenes. 
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the notion of simultaneously green and colourless ideas is impossible, just as it is 

impossible to sleep furiously. However, the sentence is well formed at one level. The 

following example is not: 

 

(2) Furiously slept ideas green colourless. 
 

Some psycholinguists do not hold for such a distinction within the language 

processing system itself (e.g. MacDonald, Pearlmutter & Seidenberg, 1994; Thornton, 

MacDonald & Gil, 1995). But they are likely to consider the separation of syntax and 

semantics legitimate. This is because syntactic processing constitutes a valid 

representation of the relationship between entities within a sentence. In other words, a 

representation that is equivalent to a syntactic structure must be computed. 

This separation is associated with modularity, which is central to cognitive 

psychology for many researchers (particularly cognitive neuropsychologists; see 

Eysenck & Keane, 2000). One of the most notable proponents of modularity is Jerry 

Fodor (1983). The main attributes of a module are: (i) informational encapsulation, i.e. a 

module functions independently of its neighbours; (ii) domain specificity, i.e. a module 

processes only a specific band of possible inputs (e.g. words; faces; syntax); (iii) 

obligatory operation, i.e. modular processing is automatic and ballistic; (iv) innateness, 

i.e. the gross characteristics of modules are inherited. The notion of modularity has had 

an influence on the computational theory of mind (Eysenck & Keane, 2000) and is 

particularly useful in comparison to the connectionist approach, which typically argues 

for shared information among the same ‘modules’ (McLeod, Plunkett & Rolls, 1998).  

2.2.4 Separating Production and Comprehension 

The production of a sentence involves the creative combination of syntax and thought. 

Linguistic comprehension is comparatively non-creative. The later attempts to recover 

meaning by re-applying the structures employed by the sentence’s producer. The 

relationship between both is clearly important, yet it is an ‘unwritten rule’ in 

psycholinguistics (e.g. MacDonald, 1999) that production and comprehension research 

remain separate. In this thesis, the major emphasis is on the use of grammar, but the 

major methodological effort is directed at reading. It is not the case that comprehension 

research is somehow superior to production. Simply put, methodologies for the analysis 

of syntactic constructions during comprehension lend themselves more readily to the 
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analysis of parsing. Eye-movement tracking, self-paced reading and off-line 

questionnaires (see 2.3 Methodologies, p. 23) give a good indication of the parser. 

Additionally, the research that will be augmented by the studies in this thesis is 

primarily comprehension-based. Using the same methodologies will provide continuity 

and comparability.  

2.2.5 Separating Writing and Speaking 

Having outlined the division of comprehension and production, we must also justify 

reducing comprehension to its visual form. Why ignore speech? There is, of course, no 

doubt that the spoken word holds an entire dimension that is absent from its written 

counterpart. Prosody and intonation, for example, can make (3) read as though the 

soldier had the gun (bold type indicates stress): 

 

(3) The soldier shot the intruder with the gun. 
 

Intuitively, the informational richness of speech should render parsing more accurate. 

The speaker may be aware of the ambiguity and take steps, through pitch, stress and 

timing, to indicate thematically important elements (as in (3)). 

Several methodologies exist that examine how the characteristics of speech are 

related to syntax (Ferreira & Anes, 1994), such as phoneme monitoring and cross-modal 

lexical decision tasks. However, each methodology is vulnerable to the potentially 

mistaken assumption that processing in the secondary task (e.g. phoneme monitoring) is 

directly influenced by primary processing (i.e. parsing). It might equally be the case that 

systematic variations in the secondary task arise from strategic effects. In reading-time 

studies, for example, subjects have been shown to read more slowly when the secondary 

task is verbatim recall than when the task is question-answering (Aaronson & Ferres, 

1984). 

It is fair to say that speech comprehension is, like production, a topic less amenable 

to experimenter control than written word comprehension. Excluding it from this thesis 

makes no stand on its importance or worthiness as a research topic, but many of the 

questions regarding comprehension can be answered with greater accuracy within the 

visual domain. This too will provide comparability and continuity. 
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Summary 

In 2.2.1 What is Language?, an operational definition of language was proposed. We 

also considered a rudimentary parser in 2.2.2 What is Parsing? 

 

In 2.2.3 Separating Syntax and Semantics, it was argued that, although language 

comprehension hinges upon the proper integration of syntax and semantics, it is valid to 

separate them in psycholinguistic experiments. For some researchers, this separation is 

posited to exist within the parser itself. 

 

In 2.2.4 Separating Production and Comprehension, the case was made for studying 

comprehension over production. This is largely because syntactic analysis is more 

straightforward when a comprehension paradigm is used. It also provides continuity and 

comparability with previous research, which has focused on comprehension. 

 

In 2.2.5 Separating Writing and Speaking, an emphasis on written language was 

justified on similar grounds.  
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2.3 Methodologies 
Clearly, an important part of parsing is assigning appropriate syntactic categories to 

words. Examples of syntactic category include noun phrase (NP), verb phrase (VP), 

prepositional phrase (PP) and relative clause (RC). From this, a hierarchical structure is 

computed (see Figure 1, below). 

As a note on terminology, the nomenclature for any given attachment (individual 

relation) will refer to the position of the ‘host’ site as it appears on a phrase marker 

diagram (often abbreviated to phrase marker) or parse tree (Aitchison, 1999). This kind 

of diagram is designed to illustrate the classifications of, and relationships among, the 

entities that constitute a sentence. In relation to the kinds of structures that will be 

examined in this thesis (where ambiguous constituents may be associated with different 

nodes on this diagram), high attachment refers to an attachment that occurs between the 

ambiguous constituent and a node that is high on this syntactic tree. Low attachment is 

an attachment to a lower site. High sites typically (in English) correspond to words 

found earlier in the sentence. Low sites typically occur later. In this way, early 

attachment is synonymous with high attachment and Late Attachment with low. A 

graphical example of the distinction is shown in Figure 1 (from Cuetos & Mitchell, 

1988): 
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Someone shot the      servant of     the actress        who was on 
balcony

S

NP VP

N

V

det P

NP

NP PP

N NP

det N
RC

 

Figure 1: A syntactic diagram of a sentence from Cuetos and Mitchell (1988).  

This sentence has an ambiguous Relative Clause constituent (who was on the balcony). 

It has two potential attachment sites: the high NP (denoted by the thinly-dashed line) 

and the low NP (the thickly-dashed line). The two potential hosts are labelled NP1 (the 

servant) and NP2 (the actress) on the basis of their linear position. A high attachment, 

which corresponds to an NP1 attachment, would mean that the servant was on the 

balcony. A low attachment, corresponding to an NP2 attachment, would mean that the 

actress was on the balcony.  

Ambiguous Sentences 

The parser operates unconsciously and, generally, without effort (Harley, 1995). Normal 

conversation gets through 4,000-5,000 words every hour. Per day, the total can reach 

100,000 (Aitchison, 1999). Considering the traffic, that the parser both continually 

computes structure and continually gets it right, makes it a very efficient problem solver 

and, consequently, somewhat inscrutable. However, as with all machines, the inner 

workings can reveal themselves under mis-operation; just as the visual illusion reveals 

perceptual processes, so the ambiguous sentence reveals the parser. 

As a rule, the adult native speaker seldom fails to parse a written sentence. When this 

does happen, it is often because of an ambiguity at the syntactic level. Here is a famous 

example: 
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(4) The horse raced past the barn fell. 
(Bever, 1970) 

 

In (4), problems arise when the parser is confronted with the word fell. The syntactic 

assignments prior to this word will not permit the inclusion of a terminal verb. This is 

because the parser typically interprets raced as the main verb. Ultimately, a reduced 

relative interpretation proves correct: The horse [that was] raced past the barn fell.  

Sentence (4) is termed temporarily ambiguous (TA) because, at its conclusion, there 

is only one interpretation – the ambiguity exists only until the final word, which forces a 

particular interpretation1. Within the sentence, an experimenter can identify the parser’s 

temporary failure by, for example, tracking the eye movements of the reader (see 

below). A longer fixation time indicates a relative processing cost increase attributable 

to re-computation. 

Another type of ambiguity is the global ambiguity (GA). This can be thought of as a 

temporary ambiguity without the disambiguating region. Thus, it remains ambiguous 

beyond its conclusion. Examples may be found in the press: SHOT OFF WOMAN'S LEG 

HELPS NICKLAUS TO 66; BRITISH LEFT WAFFLES ON FALKLAND ISLANDS; MINERS 

REFUSE TO WORK AFTER DEATH (Beard, 1996). Experimental examples include the 

following: 

 

(5) Someone shot the servant of the actress who was on the 
balcony. 

 

(Cuetos & Mitchell, 1988) 

 

This (5) assumes the form: noun phrase-prepositional phrase-relative clause (abbrev. 

NP-PP-RC; i.e. NP, Someone shot the servant; PP, of the actress; RC, who was on the 

balcony). By (one) convention, the ambiguous constituent is marked in italics while the 

potential host sites are marked in bold. Without accompanying contextual information, 

it is not clear who was on the balcony even when the sentence is read and re-read. The 

                                                 
1 In one sense, all sentences are temporarily ambiguous for much of their length. Thus, a sentence 

beginning The man saw the spy with. . . may be followed by the noun phrase the trench coat (the spy 
was wearing the trench coat) or binoculars (the man was using the binoculars to aid his vision) (after 
Frazier, 1979). Temporarily ambiguous sentences become useful to the psycholinguist only when 
successive information causes the parser to deviate from its normal function. 
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problem lies in the NP-PP combination (see Figure 1, p. 24 for a phrase marker 

representation of this ambiguity). This combination contains two people: one servant 

and one actress. They each represent a potential ‘host-site’ (point of association) for the 

RC, who was on the balcony. Upon encountering an RC, one of the jobs of the parser is 

to determine which host site (NP) it matches. 

Presenting the parser with a dilemma offers the opportunity to ask questions. Which 

analysis is preferred? At what point in the sentence is the attachment decision made? 

The answers may be found using techniques from two broad methodologies: immediate 

(on-line) and delayed (off-line). 

 

2.3.1 Immediate Access Techniques 

Research into the speed of language processing, in all its forms, points to a system that 

operates at a sprint. To begin with, we can indicate our recognition of a word in around 

500 milliseconds (e.g. Pachella, 1974). When words have multiple meanings, context 

may be used almost instantaneously to select the correct one in spoken language (e.g. 

Swinney, 1979) and in its written form (e.g. Frazier and Rayner, 1987). Parsing occurs 

with comparable speed (e.g. Kieras, 1981) and, where a syntactic anomaly is 

encountered (as it is with the word fell in (4)), processing lags can be detected even 

before the next word is seen (e.g. Osterhout & Holcomb, 1992; though the presentation 

rate was relatively slow in this study). The speed of these processes is a double-edged 

sword for the experimenter. On the one hand, it is difficult to ‘capture’ a transient 

process. On the other, the immediate influence of these processes on reading time or 

probe reaction time (RT) provides a reflection of the initial parsing process. This is 

particularly true of temporary ambiguities like (4).  

Clearly, parsing itself cannot be measured directly. Experimenters need physical 

correlates that can be.  

Eye-movement tracking 

One advantage of eye-movement tracking is that participants are permitted to read 

sentences in a natural manner (contrast this with self-paced reading, below). The 

participant’s eye is monitored as the reading process unfolds, revealing the visual path 

of fixations throughout a sentence. Because eye movements are not smooth but 

characterized by jumps (saccades) and rests (fixations) it is possible to measure how 
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long a participant’s gaze remains in any given region of the sentence. This can be done 

with some accuracy. So, for example, in a temporarily ambiguous sentence like (4) the 

reader will draw their gaze along the string until the disambiguating verb fell is reached 

(the elapsed time is termed the first-pass duration). At this point, the gaze typically 

fixates – an indication of heightened processing. This may be followed by regressions 

to earlier words as the best-fitting syntactic solution is computed (the second-pass 

duration; see Rayner & Pollatsek, 1989).  

This research is based on the assumption that eye movements reflect processing. 

Much evidence supports this view. When the eye comes to rest on an individual word, it 

rests for around 200ms; time enough to grab approximately eight text characters as they 

fall on or around the fovea (Rayner & Sereno, 1994). Of these saccades, around 10-15% 

are regressions (Rayner & Sereno, 1994). Saccade behaviour varies predictably as 

sentence structure changes. With more complicated sentences, studies indicate that 

saccades get shorter, more frequent and fixations become longer (Rayner, Sereno, 

Morris, Schmauder, & Clifton, 1989; Rayner & Sereno, 1994). 

Though eye-movements provide a good on-line measure of processing difficulty, 

their analysis is not unproblematic. Saccadic jumps are not instantaneous; they can be 

fast or slow. And fixations may waver (perhaps to correct for a targeting 

misjudgement). This means that, for a small proportion of the data, it will be difficult to 

distinguish between saccades and fixations1. Caveats aside, eye-movement tracking 

appears to accurately tap parsing. This is important in the study of initial parsing 

because it minimizes later, nonpsycholinguistic effects.  

Self-paced reading 

In the self-paced reading paradigm, sentences are presented to the participant in pieces. 

These pieces are either individual words or groups of words. The participant presses a 

key to advance through the current sentence; the next segment is displayed (and, 

sometimes, the previous one deleted or masked). He or she is instructed to press the key 

only when the segment has been understood. The experimenter assumes that key-press 

reaction times correlate with the level of difficulty in incorporating the current 

word/segment (or previous one or two) into the ongoing syntactic structure. Take the 

                                                 
1 Experimental conventions do exist. For example, fixations of less than 40ms are excluded from analyses 

(e.g., Rayner & Pollatsek, 1987; Rayner & Sereno, 1994). 
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following example, which is another Main Verb/Reduced-Relative ambiguity like the 

earlier example (4): 

 

(6) The car raced over the line won. 
 

The typical reader will tap through the sentence at a speed consistent with similar 

sentences (such as The car raced over the line.) but will take longer to process the final 

word: this latency partly represents the time required to recompute the MV structure as 

a RR (a component of the latency will also be due to sentence ‘wrap-up’ effects; see 

Mitchell, 1984). 

The longstanding criticism of this approach centres on the artificial segmentation of 

stimulus sentences, which is quite unlike the natural reading process. Under these 

circumstances, participants may develop reading strategies. For example, in single-word 

reading studies, it has been observed that participants will rapidly advance through the 

sentence, leading to disambiguation time-lags that occur later in the sentence (Mitchell, 

1984). However, with longer or random-length segmentations this can be controlled (the 

latter is employed in Chapter Seven, p. 168). 

A more serious problem occurs when reading is forced into an unnaturally linear 

stream. Evidence from eye-movement tracking demonstrates that regressions are part of 

everyday reading; elimination of this regression may impose additional and artificial 

constraints on reading. Support for this concern comes from studies where regression in 

self-paced reading is tolerated (i.e. older words are not masked). This so-called 

cumulative paradigm was used by, for example, Ferreira & Henderson (1990), to show 

that apparent processing loads in both eye-movement tracking and self-paced reading 

paradigms may not appear when free regression is permitted. But, conversely, evidence 

comes from Rayner & Sereno (1994) that the measurement most indicative of 

processing load is the length of fixation within the disambiguous region, rather than 

regression from it. 

Overall, the self-paced reading paradigm can be used as a good indicator of 

processing load. Even with segmentation and sequence constraint effects, it may 

uncover the operations of initial parsing. 

Event-Related Potentials (ERP) 

The final on-line technique to be discussed is the measurement of event-related 

potentials (ERPs). Transmission of information between neurons involves the flow of 
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ions (Kutas & Van Petten, 1994). Scalp electrodes can be used to measure the 

differences in electric potential (voltage) generated by this flow. When these 

measurements are synchronized with an event, such as the reading of a word, they are 

termed event-related potentials.  

ERP data comprises a series of positive and negative peaks. Psycholinguistic 

researchers focus upon endogenous components (sometimes called ‘late’), which may 

immediately precede or follow a stimulus. There is good evidence that such components 

represent second-order events like higher-level cognitive operations (see Kutas and Van 

Petten, 1994, p. 88). Advantages of the ERP approach include an abundance of data for 

each participant, the facility to avoid extraneous task demands and its modality-neutral 

status. It disadvantages include confounding stimulus-locked non-task activity (such as 

eye movement) and the difficulty of distinguishing between overlapping components. 

2.3.2 Delayed Access Techniques 

The techniques discussed above are intended to sample the parser during its operation. 

Another method would be to probe interpretation once parsing is complete. This 

technique is faster and cheaper. The danger is that intervening nonpsycholinguistic 

processes, such as those related to real-world plausibility, will cover the tracks of the 

initial parsing choice. 

In Ambiguous Sentences (this chapter, p. 23), ambiguities were assigned two classes. 

The first is a temporary ambiguity (TA), which contains an ambiguous region followed 

by a disambiguating region. The second is a global ambiguity (GA), which remains 

ambiguous beyond its conclusion. Off-line questionnaires typically exploit the latter. 

One type of off-line questionnaire concerns perceived attachment choice. Participants 

are asked to read each sentence. An example is: 

 

(7) The pickpocket ran away from the old woman selling vegetables. 
 
 

_____ was selling vegetables  The pickpocket  
  

The old woman 
 

Here, the ambiguity rests on the attachment of selling vegetables to either pickpocket or 

old woman. Because no supplemental information intervenes between reading and 

ticking the preferred box, the role of context is reduced to a minimum. This is not to say 
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that all sources of context are controlled; the most important source is the participant. In 

the above sentence, for example, the reader may make an initial commitment to 

pickpocket and, following consideration of the real-world practicalities of fugitive retail, 

reattach to old woman. For this reason, it is important to (i) control plausibility 

differences between candidate sites and, further, (ii) instruct participants to ignore 

plausibility as best they can. 

Another way of measuring attachment choice is to use a sentence completion 

questionnaire. Rather than give participants two or more options, participants are 

required to supply an appropriate ending to an ambiguous sentence, such as: 

 

(8) Someone stole the cameras of the woman that ____________ 
 

In the gap, a participant may supply were or was. The choice of verb constrains 

attachment on the basis of verb-number agreement. In other paradigms, a cloze test 

response frame may be used. This involves giving the participant a number of possible 

‘starting words’ to construct the completion. A significant drawback to completion 

studies involves the activation of the production system. It is not clearly understood 

how comprehension and production interact; yet it is potentially the case that production 

involves processing costs and norms of a systematically different nature (e.g. supplying 

a ‘written English’ or a ‘spoken English’ ending). For instance, Daneman and Green 

(1986) have argued that sentence production involves a separate resource system from 

sentence comprehension. 

Clearly the most pivotal concern of any off-line study is whether or not, or to what 

extent, it actually reveals initial preference. No one would deny that both tick-box and 

sentence completion paradigms accurately reflect the chosen interpretation of the 

sentence, but this interpretation may involve a number of nonpsycholinguistic factors. 

However, questionnaire studies often replicate the results of on-line investigations and 

are ideal as a medium for collecting a large amount of data and testing new ideas. It may 

also be argued that off-line studies are a conservative test of initial preference, for the 

preference must be strong enough to survive the potential confounds of context. 
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Summary 

In this section, we examined several methodologies. 2.3.1 Immediate Access 

Techniques discussed eye-movement tracking, self-paced reading and ERP paradigms. 

All three are considered good measurements of initial parsing, though each has caveats. 

For example, eye-movement tracking may not be as intimately linked with parsing as 

one would hope; self-paced reading experiments may suffer from strategic reading 

effects. 2.3.2 Delayed Access Techniques examined off-line tick-box questionnaires and 

sentence completion questionnaires. Both permit faster and cheaper testing, but may be 

influenced by context and production effects respectively. 
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2.3 Classes of Parsing Models  
With some discussion of methodology behind us, we can now briefly outline the three 

major classes of parsing model. They are best described in the context of processing 

ambiguous sentences; they correspond to three ways of proceeding when ambiguous 

material is encountered: (i) commit to a single analysis (serial models); (ii) postpone 

commitment until disambiguating information is encountered (delayed attachment 

models); (iii) process multiple parsing solutions simultaneously (parallel models). First 

we will describe the classes, and then examine their empirical support (see 2.3.5 

Evidence, p. 38). 

2.3.1 Serial parsers 

Serial parsers assume that, in the short term, the most cost-efficient way of treating an 

ambiguity is to continue with a single analysis, with the preferred ‘route’ dictated by 

parsing principles. This ‘single state’ approach stems from the notion that the cognitive 

system is limited in resources (e.g. Miller, 1956). Of course, miserly behaviour will not 

always be the most cost-effective behaviour: an early commitment may be wrong. Take 

Bever’s (1970) example again and its two possible interpretations in Figure 2, below: 

 

(9) The horse raced past the barn fell. 
 

 

(A) 

 
The horse   raced           past the barn  [fell]  

S 

NP VP

V PP V 

?
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(B)  

Figure 2: Garden path structure (A) and correct structure (B) for this MV/RR 

ambiguity (from Caplan, 1993) 

 

In this temporarily ambiguous (TA) sentence, a serial parser will commit to a Main-

Verb (MV) interpretation of raced. But the Reduced-Relative (RR) solution is forced 

when fell is encountered. This recomputation leads to the increased reaction time 

reported by Bever (1970). In his own early model of serial parsing, Bever proposed that 

‘perceptual strategies’ were employed to link words with an abstract representation. For 

example, the Noun-Verb-Noun strategy classifies a noun phrase that follows a verb as 

the verb’s object. This leads to the erroneous MV interpretation. This method of 

processing has been employed by Augmented Transition Networks (ATN; Woods, 

1970), which represent structural information as separate states. The networks move 

from one state to another as the sentence is processed. When the ATN encounters a 

structure that is not compatible with its present state, it searches back through its states 

until a compatible one is found. ATNs are not generally regarded as valid 

conceptualizations of parsing for several reasons, chief of which is their inability to 

parse sentences that cannot be solved with reference to a previous state, such as (10) 

(Anderson, 1976). 

 

(10) Bob drove very a large car. 
 

NP

NP S 

V PP 

The horse   raced           past the barn     fell

VP 

S 
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The NP a large car is not compatible with any of the states computed prior to its 

appearance, which would render it unparsable to an ATN. Intuitively, however, it is 

reasonably understandable. 

Kimball (1973) proposed seven principles that encapsulate the behaviour of a 

deterministic (invariant and rule-governed) serial parser: 

 

Parsing is top-down, i.e. we begin with a sentence node (the highest-order node in a 

phrase marker, see Figure 1, p. 24) and predict constituents. The parser employs a 

limited lookahead strategy to facilitate this. 

Right Association. New words are preferentially attached to the lowest possible (right-

hand) node in the phrase marker. 

New nodes. Function words signal a new phrasal node (NP, VP, etc.). 

Principle of two sentences. The parser is capable of handling more than one sentence 

simultaneously. This accommodates embedded sentences (e.g. The cars [that ate Paris] 

were mean). 

Principle of closure. The parser prefers to close a phrase as soon as possible. 

Fixed structure. When a phrase is closed, processing costs are associated with re-

opening it. 

Processing. When a phrase is closed, its representation is passed to a semantic 

processing system. 

 

Kimball’s work has been largely superseded, but more modern theories tend to contain 

the essence of these principles (Harley, 1995), particularly processing cost.  

Frazier and Fodor’s Sausage Machine 

Frazier and Fodor (1978) reinterpreted the principles of Kimball for a model termed the 

Sausage Machine. It is a two-stage model, also deterministic and symbolic. The first is 

the preliminary phrase packer (PPP) and the second is the sentence structure supervisor 

(SSS). The processing capacity of the PPP is constrained to about six words. It forms 

attachments between the constituents it ‘sees’. It cannot, however, form attachments 

beyond this range. The SSS assembles the structures received from the PPP into larger 

structures. Because the PPP has a limited capacity and the SSS has difficulty in 

recomputing the PPP-computed structures, the Sausage Machine represents a working 

model of Kimball’s processing constraint principles. One more constraint is Minimal 
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Attachment. This holds that new constituents are attached to the simpler structure if, for 

example, there are two candidate structures available. The PPP and the SSS both meet 

this principle. Of course, because the PPP has a smaller ‘window’, the simplicity 

decisions it makes will be comparatively localized. 

The model works well in the context of Kimball’s principles (1973); they naturally 

emerge from its architecture. Right Association arises because left association for the 

PPP is beyond its ‘window’. Minimal Attachment arises because simple attachments are 

made more rapidly than complicated attachments; once attached, they are difficult to 

detach. So, the Sausage Machine is arguably a more parsimonious description than 

Kimball’s principles: here the principles are independent, fewer are used, and they can 

account for more exceptions to right association (Harley, 1995). 

A critique of the Sausage Machine was presented by Wanner (1980). His main 

argument focused on a comparison of the machine with ATNs, which could perform the 

same operations but with greater facility. Additionally, the PPP can process triply-

embedded sentences, but humans experience difficulty with them: e.g. Vampires 

werewolves rats kiss love sleep (Harley, 1995). Fodor and Frazier (1980) further 

augmented their model so that Right Association was no longer an emergent property. 

Instead, it was postulated that Right Association occurs only when Minimal Attachment 

cannot determine the attachment. Another modification redefined the capacity of the 

PPP as one clause (Milsark, 1983). With these modifications, the Sausage Machine 

became less parsimonious (principles were arbitrary, not emergent) and was refashioned 

as the Garden Path Model. 

The Garden Path Model 

The Garden Path Model (Frazier, 1979, 1987; Frazier & Rayner, 1982) was named after 

the observation that the HSPM can ‘run with’ an analysis which, ultimately, is proved 

wrong; in one sense it fulfils the English idiom of being ‘led up the garden path’ (cf. the 

processing costs in Kimball’s fixed structure principle, 1973) 

The authors hypothesize that, as the parser encounters entities that cannot be 

included in the current syntactic framework, normal parsing is suspended. A conflict-

resolution mechanism takes charge and assesses the current syntactic information. It 

then attempts to recompute the syntactic framework to include the new, problematic 

item. On this account, the emphasis is placed on the conflict-resolving device. This 

device employs a number of guidelines that help to rapidly include the new entity. 
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One guideline is Minimal Attachment. It helps to achieve the general goal of the 

whole conflict-resolution mechanism: efficiency. Late Closure, another guideline, 

makes a more specific syntactic assertion, defined thus: 

 

If grammatically permissible, attach new items into the clause or phrase currently 
being processed (i.e. the phrase or clause postulated most recently). 

 
 (Frazier, 1987, p. 562). 

 

Both principles (others exist) work within the constraints of the parser. The first, 

Minimal Attachment, minimizes processing load by ensuring that no new nodes are 

constructed unless required. The second, Late Closure, helps to integrate new material 

with new-ish nodes, lest memory restrictions begin to affect processing. 

In addition to these principles, the garden path model incorporates a thematic 

processor (Rayner, Carlson & Frazier, 1983). It attempts to provide recomputed 

syntactic structures in the light of contextual information sources (e.g. semantics, 

anaphora and discourse). 

Other Serial Models 

The above models are seminal examples of their kind, but others exist. Most differ with 

respect to their behaviour at the point of ambiguity. Annotated serial models (e.g. 

Frazier, 1979) hold that such points are marked to aid reanalysis; the HSPM can trace 

the route of its troubles more easily. Probabilistic serial models, faced with ambiguity, 

choose between several alternatives on the basis of their plausibility (cf. Frazier & 

Rayner, 1982). A key distinction lies in the nature of the information used to make 

initial parsing decisions. A deterministic parser (e.g. the Garden Path Model) uses 

syntactic information initially and discourse information later, whereas a probabilistic 

parser may immediately use any information relevant to its decision. 

2.3.2 Delayed Attachment Parsers 

The second permissible behaviour for the parser is to ‘wait and see’. No commitment is 

made until disambiguating information is encountered. The ambiguity is still parsed, but 

as a lower-level fragment (e.g. Frazier & Rayner, 1982). Most accounts hold that the 

fragments are reconstituted at the point of disambiguation.  
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2.3.3 Parallel Parsers 

The third behaviour is to deal with an ambiguity by computing many, even all, 

solutions. Typically, these are maintained until disambiguating information is 

encountered. Some models rank the solutions (e.g., Gibson, 1991; Gorrell, 1987; 

Kurtzman, 1985; Spivey & Tanenhaus, 1998). Thus, not all alternatives are pursued. 

One notable model (MacDonald, Pearlmutter & Seidenberg, 1994) assigns a weight to 

each parallel representation. These weights are founded upon the interaction of non-

encapsulated sources of information: lexical, phonological, morphological, syntactic, 

text or discourse. One important implication of this model is its susceptibility to prior 

context. The authors posit that the interaction of information may be affected by 

working memory constraints (see MacDonald, Just & Carpenter, 1992).  

2.3.4 Predictions 

Serial Models 

When the point of ambiguity is reached, on-line processing should continue without a 

loss in speed because there is no cost in pursuing one analysis. (The case is less clear for 

annotated serial models; the cost of annotation might be undetectable.) Two scenarios 

are possible at the point of disambiguation. In the first, the parser will have chosen the 

correct analysis. Thus, on-line reading times will not differ between temporarily 

ambiguous (TA) sentences and unambiguous controls. In the second, the parser will 

choose the wrong path. The parse tree must be dismantled and reconstructed to 

incorporate the new (disambiguating) material. The time it takes to complete this 

operation represents the classic ‘garden path’ effect (Frazier, 1979). For a TA sentence, 

the effect may be quantified as the difference between reading times at or after the 

disambiguating region in comparison with an unambiguous control. 

Less straightforward accounts, such as probabilistic serial models, differ in their 

predictions. In this case, parsing solutions are selected on the basis of their relative 

probability. This account has rather more ‘degrees of freedom’ in accounting for 

garden-path effects because judgement of probability and access to probabilistic 

information sources may vary between individuals. Where one individual selects a 

parsing solution that is subsequently disproved, another may not. However, one would 

expect that, in general, average disambiguation times will be longer for TA sentences 

than unambiguous controls. 
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Delayed Attachment Models 

There are many models of delayed attachment, and the manner in which they delay, and 

why, will influence empirical predictions. Rather like probabilistic serial models, 

delayed attachment models may accommodate any strength of garden-path effect with 

hindsight. This is because there may be an interaction between the cost associated with 

a point of ambiguity – the parser notes its presence and enters a fragment-processing 

mode – and reuniting the structure once disambiguating material is encountered. The 

cost of mode change may be traded against the benefit of a simpler analysis (the 

fragment being less complex). 

Parallel Models 

Unweighted parallel models predict no processing cost at either the point of ambiguity 

or point of disambiguation. However, constrained parallel models hold that, upon 

entering the ambiguous region, parallel structures are limited by working memory 

limitations. There should, therefore, be a processing cost at the point of ambiguity as 

this ceiling of processing is reached. 

Weighted parallel models, on the other hand, maintain weighted parallel 

representations. At the point of ambiguity, the weights are updated so that the greatest 

activation is given to the most likely parse tree (this likelihood might be determined by 

multiple constraint satisfaction, see MacDonald, Pearlmutter & Seidenberg, 1994). 

There is a cost associated with the update of the weights from a preferred solution to a 

less-preferred one. This cost would manifest itself as a garden-path effect. However, 

this cost is not strictly a garden-path effect because the parser is not serial. As a final 

empirical note, weighted parallel models tend to carry the assumption that probabilistic 

information and its accessibility will vary between individuals and sentences 

(MacDonald, Just & Carpenter, 1992). 

2.3.5 Evidence 

Here we will examine key evidence for each class. Constrained parallel models are 

relatively simple to evaluate: they predict a cost upon entering the ambiguous region 

and this is not generally the case (e.g. Frazier & Rayner, 1982; Ferreira & Henderson, 

1990; Kennedy & Murray, 1984; Kennedy, Murrary, Jennings & Reid, 1989; Mitchell, 

Corley & Garnham, 1992). Unweighted parallel models are similarly discountable 
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because they predict no processing cost within either the ambiguous or disambiguating 

area. The very existence of a garden-path effect precludes this class. 

Evidence also speaks against ranked parallel models (e.g. Gibson, 1991). For such 

models, alternatives at the point of disambiguation are ranked. This rank determines 

accessibility. The nature of the disambiguating material should not influence this 

accessibility (Frazier, 1998). However, there is evidence that this may be the case. 

Fodor and Inoue (1994) presented participants with the following TA sentences: 

 

(11) Have the soldiers marched to the barracks tomorrow. 
 

(12) Have the soldiers marched to the barracks already? 
 

(13) Have the soldiers marched to the barracks, would you. 
 

Sentence (11) elicited a strong garden-path effect in comparison with (12). The 

preferred analysis has an interrogative structure until, with tomorrow, the structure is 

disambiguated as imperative. However, if the structure is disambiguated – again, as an 

imperative – with the adverbial would you (13), the garden-path effect is reduced or 

eliminated. Clearly, then, ranked parallel models must be modified to incorporate the 

characteristics of the disambiguating material. This would render them weighted 

parallel models. The Fodor and Inoue study is entirely consistent with serial parsers 

because reanalysis can incorporate the characteristics of the disambiguating material. 

So far, the evidence speaks against constrained, unweighted and ranked parallel 

models1. Weighted parallel and serial models remain. Though the predictions of such 

models overlap considerably, the key to their behaviour lies in their system state. 

During the ambiguous region, the parallel parser should entertain more than one active 

parse tree (or its equivalent) whereas the serial model should have only one. Thus, 

within this region, the parallel parser should have already partially computed the 

dispreferred structure; the serial parser should not (Hickok, 1993; MacDonald, Just, & 

Carpenter, 1992; Nicol & Pickering, 1993). 

There is some evidence for this partial computation, though it is not conclusive. For 

example, Pearlmutter and Mendelsohn (1998) found an effect of plausibility for the 

dispreferred analysis in this TA sentence: 

                                                 
1 Annotated serial models will considered under the umbrella term ‘serial’ because there is little to 

distinguish them empirically. 
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(14) The report that the dictator described/bombed the country 
seemed to be false. 

 

This is a complement/nominal structure. The verb bombed elicited a greater processing 

cost than described (as compared with baselines The report showing that the dictator 

described/bombed the country seemed to be false). The authors ascribe this cost to the 

relative implausibility of bombed as a host for the dispreferred RC interpretation – it is 

less likely that a dictator would bomb a report than describe it. If this is true, then the 

parser is influenced by the plausibility of alternative structures. For a deterministic 

serial parser, the disprefered analysis should have no effect because it is not processed 

at this point.  Pearlmutter & Mendelsohn (1998) point out that a serial parser may 

accommodate the effect if it is probabilistic in nature1.  

However, Pearlmutter and Mendelsohn go on to provide evidence that purports to be 

problematic for a probabilistic serial parser. They noted that the noun’s preference for a 

sentential complement (SC) reading of the above sentence was negatively correlated 

with the processing cost at the disambiguating point (which disambiguated as a SC 

structure). They suggest that this serves as the probabilistic information for the serial 

parser. If this is the case, then as the noun’s preference for an SC reading decreases, the 

parser’s preference for an RC reading should increase. This negative correlation was not 

reliable; the authors claim that a serial probabilistic parser cannot account for the 

finding. Lewis (2000), however, proposes an alternative explanation for the unreliable 

correlation. Simply, it might be the case that, with a noun that favours the SC 

interpretation, analysis is accelerated in the disambiguating region. So far, then, the 

evidence against a serial probabilistic parser is inconclusive.  

Finally, we should examine a finding that is problematic for delayed attachment 

models. With such models, the current parse tree is abandoned at the point of ambiguity. 

The remainder of the sentence is parsed separately until disambiguating information is 

encountered. At this time, the two structures are reunited. This account does not permit 

any interaction between the two structures. Mitchell (1994) tested this property with the 

following TA sentence: 

 

                                                 
1 They go on to criticise a serial parsing account, though their argument centres around a null finding and 

is still subject to debate (Lewis, 2000). 
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(15) Just as the guard shouted the intruder escaped… 
 

(16) Just as the guard shouted the command an intruder escaped… 
 

(17) Just as the guard shouted the command was given… 
 

The delayed attachment parser should begin a separate parse tree when the is 

encountered after shouted. If the tree is indeed separate, there should be no matching of 

the properties of the next word (intruder or command in (15) and (16) or (17)) against 

shouted to check its legality. In this example, shouted is intransitive. Intruder must 

therefore be the subject of the matrix clause. It becomes the point of disambiguation. A 

processing cost at this point was found. But how did the parser ‘know’ that the 

combination of shouted and intruder disambiguated the sentence if the two structures 

are handled separately? Without a substantial modification to the model, it cannot. 

 

Summary 

To date, several classes of parser have been proposed: serial parsers that may proceed 

deterministically or probabilistically; delayed attachment parsers; parallel parsers that 

develop unweighted, ranked or weighted representations. On balance, the evidence 

marginally favours a weighted parallel parser, though attempts to falsify both 

deterministic and probabilistic serial parsers are not conclusive. 
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2.4 Differences in Parsing 
Deterministic serial parsers are typically based upon invariant processing principles 

(Frazier, 1979, 1987; Frazier & Rayner, 1982). In spirit, and by design, they do not 

predict individual parsing preferences without ad hoc modification. Probabilistic serial 

and parallel parsers, however, rely on probabilistic information (e.g. MacDonald, Just & 

Carpenter, 1992; Miyake, Just & Carpenter, 1994) and may incorporate variation more 

readily. This component may vary in two ways: (i) composition and (ii) accessibility. In 

the first case, probabilistic information is collected from linguistic experience. Thus, 

different linguistic environments should play a part in the operation of the parser. In the 

second, probabilistic information is so potentially unwieldy that variation in working 

memory resources or processing efficiency might constrain its accessibility. 

We will now examine evidence for individual differences in initial parsing. Each 

documented case provides evidence against deterministic serial parsers and promotes 

probabilistic accounts as candidates for a parsing that may vary between individuals. In 

the first section, cross-linguistic differences will be discussed. These are language-wide 

differences. In the second, evidence for intra-individual differences will be put forward. 

2.4.1 Language differences in parsing 

Until the mid-1980s, empirical studies of parsing focused upon English (see Mitchell & 

Brysbaert, 1998). The resolution of an ambiguity such as (18) was satisfactorily 

explained by the Garden Path Model (Frazier, 1979; 1987). 

 

(18) The man saw the spy with the binoculars. 
 

Here, binoculars may attach to spy (the spy had the binoculars) or saw (the man used 

the binoculars to aid his vision). Following the principle of Minimal Attachment, the 

adverbial interpretation (saw with the binoculars) is indicated. A similar ambiguity – a 

GA sentence with an ambiguous constituent that may attach to two potential host sites – 

is the NP-PP-RC structure in this example from Cuetos and Mitchell (1988): 

 

(19) Someone shot the servant of the actress who was on the 
balcony. 

 



 

43 

Following Late Closure, this too should show low attachment and, indeed, does (Cuetos 

& Mitchell, 1988, Experiment 1B). However, this preference does not generalize to all 

languages. Mitchell and Brysbaert (1998, p. 316) go on to cite the occurrence of an NP1 

bias in Spanish (four studies), French (four studies), German (three studies), Dutch (one 

study), Russian, Afrikaans and Thai (personal communications for these last three). 

Thus, the use of English as a test dummy for all other languages has a weak empirical 

basis; it is a minority language with respect to this ambiguity. In addition, there is 

evidence that Spanish-English bilinguals process such ambiguities with the preference 

of their dominant or earliest-learned language when reading in their second (Fernandez, 

1998). It is reasonable to conclude that syntactic preference is influenced by one’s 

linguistic environment. This is problematic for universalist, invariant models. We will 

now turn to the leading theoretical accounts of this variation. 

2.4.1.2 Theoretical accounts of language differences in parsing 

The Linguistic Tuning Hypothesis 

(Mitchell & Cuetos, 1991a; Cuetos, Mitchell & Corley, 1996) 

On this account, the parser attempts to resolve an ambiguity using a statistical database. 

This contains distributional information about how similar structures have been 

resolved. A companion mechanism keeps track of these resolutions as they occur. 

Cross-linguistic differences emerge because the distributional properties of ambiguities 

will vary from one language to another (Brysbaert & Mitchell, 1996; Cuetos et al., 

1996; Mitchell & Cuetos, 1991a; Mitchell, Cuetos, Corley & Brysbaert, 1995). Tuning 

explicitly assumes that the parser is serial.  

Evaluation 

If ambiguity resolution does indeed mirror real-world frequency of attachments in such 

structures, we should expect to find comprehension preferences mirrored in corpora 

(searchable databases of real-world language). Corpus studies in French and Spanish 

(see Mitchell & Brysbaert, 1998, p. 324), both NP1-favouring languages, show a 

prevalence for NP1 structures. However, though corpus studies in English suggest that 

three-site RC attachment ambiguities are resolved as NP1 more frequently than NP2 
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(even at different grain1 levels) than NP1 (Gibson & Schütze, 1999; Gibson, Schütze & 

Salomon, 1996), this appears to be countered by on-line (Gibson et al., 1996) and off-

line (Gibson & Schütze, 1999) studies that demonstrated clear reading preferences for 

NP1 over NP2. This finding is problematic for a tuning theory that does not posit an 

additional, non-statistical mechanism for ambiguity resolution. However, the three-site 

ambiguity was revisited by Desmet and Gibson (in press). They demonstrated that: (i) 

the disambiguating pronoun one, which was used in the empirical studies of Gibson & 

Schütze (1999) was associated with high-attachment in a corpus search of the Brown 

corpus (Kučera & Francis, 1976) and the Wall Street Journal (WSJ) corpus; (ii) this bias 

was confirmed in a self-paced on-line reading study where one was compared with a 

non-anaphoric noun phrase (e.g. an article), and confirmed again in an eye-movement 

tracking experiment. Thus, the high-attachment readings can be traced to an experiment 

confound, and the Tuning Hypothesis survives. 

A study by Mitchell and Brysbaert (1998) was conducted on Dutch corpora. It 

attempted to identify the actual frequency of NP1 and NP2 attachment preference for 

sentences that take the form NP1-PP-NP2-RC (see (5), p. 25). Previous on-line and off-

line data indicated a reliable NP1 attachment preference (Brysbaert & Mitchell, 1996) 

but the Dutch corpora indicated the reverse: a preference for NP2 over NP1. Mitchell 

and Brysbaert concluded that the Tuning Hypothesis could not account for these data. 

However, subsequent re-analysis suggests that this conclusion is premature. Desmet, 

Brysbaert and De Baecke (2002) re-examined these corpus frequencies at a lower level 

of grain. They found that NP2 dominance exists only when NP1 is non-human. When 

NP1 is human, sentences tend to be disambiguated with an NP1 preference. Returning 

to their materials, Desmet et al. noted that the majority had human NP1s. This fixed 

effect would skew the materials towards an NP1 preference. Indeed, when the authors 

used the same materials in a sentence completion task, it was found that participants 

completed the RC in line with the finer-grained corpus search. When NP1 was changed 

to non-human for other sentences, the preference shifted to NP2, though the effect was 

only marginally reliable. 

                                                 
1 This is the hierarchical level of statistical association. For example, records of the co-occurrence of 

morphemes would be classed as a relative low level of grain. The co-occurrence of syntax-level 
elements is higher. The possible combinations of grain vary across models. On the Tuning account, it is 
relatively coarse. For a multiple constraint-based approach (e.g. MacDonald, Pearlmutter & Seidenberg, 
1994; Thornton, MacDonald, & Gil 1999) there may be no specification of grain; all levels are 
computed. 
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Thus the Tuning Hypothesis can accommodate cross-linguistic differences when 

grain size is varied. However, there are so many grain sizes that the theory runs the risk 

of being unfalsifiable. To avoid this, a standard level of grain must be agreed. We will 

see that this criticism is also true of multiple constraint satisfaction accounts (see p. 45). 

Predicate Proximity/Recency Theory 

(Gibson, Pearlmutter, Canseco-Gonzales & Hickok, 1996) 

This theory proposes two competing parameters: Predicate Proximity and Recency. At 

the point of ambiguity, the Recency biases an attachment to the current or most recently 

processed node (cf. Kimball’s Right Association, 1973), whilst Predicate Proximity 

biases towards a host site that is as near as possible to the head of the predicate. The 

competition of these parameters leads to an assignment of processing load for each 

attachment site. The parser then chooses the site with the lowest load. Cross-linguistic 

variation is seen as variation in the strength of the Predicate Proximity parameter. This 

is set by the native language. In English, it is weak, whereas, in Spanish, it is strong. A 

stronger Recency component would result in low attachment RC whereas a win for 

Predicate Proximity would favour the higher attachment site. On this account, the parser 

may operate in a weighted parallel or probabilistic serial fashion. 

Evaluation 

The Predicate Proximity factor arose from the finding that corpus frequencies do not 

directly mirror comprehension preferences (e.g. Gibson & Schütze, 1999). Since this 

finding has been recently thrown into doubt (Desmet and Gibson, in press; see p. 43), 

the status of the theory is now questionable. Additionally, Predicate Proximity/Recency 

retains the drawback that the mechanism of variation in the proximity parameter has not 

been quantified (see Mitchell & Brysbaert, 1998). It cannot, therefore, be applied a 

priori to cross-linguistic variation in two-site RC ambiguities. 

Multiple Constraint Satisfaction (MCS) 

(MacDonald, Pearlmutter & Seidenberg, 1994; Thornton, MacDonald & Gil, 1995) 

Though this account has not addressed cross-linguistic variation specifically, 

MacDonald et al. (1994) did examine the lexical nature of modifier attachment 

ambiguities. They suggested that the distributional association between (i) the nouns 

that occupy the two potential attachment sites and (ii) modifiers will determine 

attachment preference. However, on this multiple constraint-satisfaction account, it is 
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unlikely that lexical properties in isolation will determine attachment. In this 

conception, the parser is a weighted parallel model. Many structures are computed 

simultaneously; any given weight is a function the multi-level linguistic distributional 

information that supports that solution. 

Evaluation 

Evidence in support of the Tuning hypothesis may be taken as support for the MCS 

account. Other studies provide evidence against a lexicalist constraint satisfaction 

account (e.g. Corley, 1995; Mitchell et al., 1995) but not an account that incorporates 

super-lexical information (see Pearlmutter & MacDonald, 1995). The Desmet et al. 

(2002) corpus study and Desmet and Gibson (in press) are compatible with the MCS 

account. Latterly, research into the interaction between working memory and parsing 

has led to the reconceptualization of the parser as a probabilistic serial mechanism (see 

MacDonald & Christiansen, 2002). 

Construal Theory  

(Frazier & Clifton, 1996) 

Construal Theory is a modified version of the Garden Path Model. In broad terms, the 

theory handles ambiguous material differentially for primary and nonprimary structures. 

Primary structures are linked to verb arguments and nonprimary structures to non-

argument based constructions (see Frazier & Clifton, 1996, p. 41 for a formal 

description). Whereas the first type is parsed in a deterministic fashion, interpretation of 

the second type may be influenced by discoursive, semantic and syntactic factors. This 

second type includes RC attachment. So doing, Construal accommodates cross-

linguistic variation by a reclassification of those ambiguities that show variation. More 

specifically, the authors argue that all languages should show a preference for NP1, 

following a discourse principle termed Relativized Relevance: ‘preferentially construe a 

phrase as being relevant to the main assertion of the current sentence’ (Frazier, 1990, p. 

321). The existence of an NP2 preference in English is explained with reference to 

genitive forms. Where most languages have one, English has two: the Saxon (actress’s 

servant) and Norman (servant of the actress) genitive. The reader assumes that the 

writer of the RC ambiguity is adhering to the Gricean maxim of clarity. That is, the 

sentence represents the clearest statement of its idea. If the RC ambiguity uses the 

Norman form (servant of the actress), the writer has purposefully avoided the Saxon 

form (actress’s servant, which indicates N1 attachment). The reader will therefore 
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exclude the site indicated by the Saxon form from the range of potential attachment 

choices. In such ambiguities, such as (19) on p. 42, the RC will be preferentially 

attached to N2. 

Evaluation 

Fernandez’s (1998) investigation of bilingual reading provides evidence against 

Construal. Spanish-English bilinguals make attachment decisions consistent with their 

dominant language. Thus, an analysis of the ambiguity itself will not predict reading 

preference. This variability lies with the experience of the reader, not their language. 

Further evidence undermines the Saxon genitive explanation for the English 

tendency towards NP2. Mitchell & Brysbaert (1998) argue that Dutch has two 

alternative possessive forms. Because the Gricean contract holds equally for speakers of 

Dutch as it does for English, Dutch should be a NP2-favouring language. There is good 

evidence, however, that Dutch readers favour NP1 (Mitchell & Brysbaert). To 

accommodate these findings, Construal might be modified to predict an NP2 shift only 

when the alternative structure is sufficiently common, not when the alternative is only 

possible (suggested by Clifton, personal communication to Mitchell, cited in Mitchell & 

Brysbaert, 1998, p. 329). On the other hand, it may make use of additional syntactic 

information about the NP-complex that precedes the ambiguous RC (that is, the 

plausibility of the Saxon alternative). The former modification renders the ambiguity 

process identical to a Tuning account. The latter implies a negative correlation between 

the plausibility of the Saxon alternative and NP1 preference. No evidence for this 

correlation was found in either eye-tracking or self-paced reading experiments (Mitchell 

& Brysbaert, 1998; Frazier & Vonk, 1997). 

The RelPro Drop or ‘anaphoric binding’ model 

(Hemforth & Konieczny, 1996) 

This model suggests, like Predicate Proximity/Recency Theory, that two factors 

compete during RC-attachment. And, like Construal, RC attachments fall outside the 

domain of purely syntactic processing. They are attended by anaphoric processors. And, 

because these are interpreted at a super-syntactic level, they are free to employ 

distributional information. Hemforth, Konieczny, and Scheepers (2000) point to the 

frequent omission of relative pronouns in English relative clauses (this is not the case is 

most other head-first languages) as a factor that reduces the saliency of the host sites. As 

a consequence, they are less likely to be examined by anaphoric processors. These 
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processors should favour NP1; without them, NP1 bias diminishes. The decision falls to 

a parser that favours local attachment. Cross-linguistic variation in preference results 

from the presence or absence of relative pronouns. For the RelPro model, the parser is a 

serial probabilistic mechanism (at least in respect to RC attachment).  

Evaluation 

Gibson & Schütze’s (1999) three-site RC ambiguity provided evidence in support of the 

RelPro Drop model because the parser should prefer to associate the RC with the 

highest occurring NP – this NP is most likely to be the main assertion of the sentence. 

In combination with a locality principle, NP1 and NP3 will each be preferable over 

NP2. However, the recent findings of Desmet and Gibson (in press) cast doubt on this 

conclusion. 

Fernandez’s (1998) bilingual reading study is problematic for this account. Her 

Spanish-English bilinguals read English RC ambiguities consistent with their own 

linguistic experience. They produced a ‘Spanish’ NP1 preference in the absence of 

relative pronouns. According to RelPro Drop, this absence should reduce the saliency of 

NP1 and therefore reduce the likelihood of an NP1 attachment. 

The RelPro Drop model predicts that languages with explicit relative pronouns in RC 

structures should pattern with Spanish and attach high. The Dutch evidence of Mitchell 

and Brysbaert (1998) is certainly consistent with this account because relative pronouns 

must, normally, be present in such constructions.  

 

Summary 

In this section, we have tested theories of parsing with cross-linguistic variation. 

Though the evidence is not conclusive, one may summarize: the Linguistic Tuning 

Account is consistent with the evidence presented so far; multiple constraint satisfaction 

(MCS) accounts are somewhat under-specified – as an exposure account, they may 

share the problems of the Tuning Hypothesis, but (i) their probabilistic processing need 

not mirror corpus frequencies and (ii) they do accommodate cross-linguistic variation 

naturally; the Predicate Proximity/Recency account was based upon a study of three-site 

ambiguities that had an experimental confound; the RelPro Drop model successfully 

predicts NP1 attachment in Dutch, and this is indeed the case; and while Construal can 

accommodate Spanish-English cross-linguistic differences, its explanation does not 

appear to work in Dutch, and the theory cannot account for bilingual reading patterns. 
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With regards the classes of parsing models discussed in the previous section, the 

evidence generally favours probabilistic parsers, though says little to distinguish parallel 

from serial. 

 

We will now look at a second test of parsing theories: differences between individuals 

who speak the same language.  

 

2.4.2 Individual differences in parsing 

Evidence for individual variability in parsing is difficult to disregard. Cross-linguistic 

difference data paves the way for such variability. Evidence in support of the Linguistic 

Tuning Hypothesis (e.g. Cuetos, Mitchell, Brysbaert & Corley, 1996; Mitchell, 1994; 

Garcia-Orza and Santos, 1999; Desmet, Brysbaert and De Baecke, 2002) supports 

exposure as a basis for variability. Evidence comes from other domains. For example, 

handedness can affect the efficiency of sentence processing: dextral (right-handed) 

adults have been shown to be faster at syntactic processing than sinistral (left-handed) 

adults, who tend to focus more on words and meaning (Townsend, Carrithers & Bever, 

2001). Children show individual differences in syntactic awareness (Plaza & Touzin, 

2002) and verb use (Thordardottir & Weismer, 2001). Kemper (1987) analyzed the 

occurrence of different types of embedded clauses in both a longitudinal and cohort-

sequential sample of adult writing taken from diaries. She found that overall complexity 

of writing declined across the life-span. Adults aged 70 and above produced few 

sentences with embedded clauses, especially left-branching embeddings. Other studies 

provide support for the influence of age on verbal fluency (Hultsch, Hertzog, Small, 

McDonald-Miszczak & Dixon, 1992; Lindenberger, Mayr & Kliegl, 1993; McCrae, 

Arenberg & Costa, 1987; Salthouse, 1993). Working memory constraints associated 

with Alzheimer’s disease impair the ability to process discourse in on-line tasks (Almor, 

MacDonald, Kempler, Andersen & Tyler, 2001). 

With the exception of one illustrative example (below), we will examine individual 

differences further in the third chapter, once we have discussed a mechanism that may 

account for individual differences: memory. 
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Individual Preferences for a Structure in Adults  

One of the clearest indications of individual variation comes from Corley (1995). 

Participants were administered an off-line questionnaire with items counterbalanced for 

order (of NPs 1 and 2) and word number. Sentences were initial fragments and took the 

form: 

 

(20) The court heard about the investigator(s) of the murder(s) 
WH_____  W_____ 

 

Following each item, participants were required to complete the sentence using either of 

the two relative pronouns who or which, followed by was or were. The choice of 

pronoun or verb indicated attachment preference. Overall, there was great variability in 

choice of attachment site (0-100% for each). More interestingly, participants were tested 

again three weeks later. Items appeared thus: 

 

(21) The court head about the murder(s) of the investigator(s) 
WH_____  W_____ 

 

Item (21) is a follow-up variant of (20). The correlation between site preference in 

the first and second matched questionnaires was very high (r 50 = 0.799, p < 0.001). 

This individual structural preference provides evidence against Construal Theory 

because, even with the inherent variability of non-primary RC computations, this 

variability is language-wide. Equally, it raises problems for any theory that does not 

posit an additional factor that might vary between individuals. This includes all theories 

so far, with the exception of MCS accounts, which explicitly hypothesize variability in 

the processing of probabilistic information (e.g. MacDonald, Just & Carpenter, 1992; 

Just & Carpenter, 1992; Pearlmutter & MacDonald, 1995). 

However, this conclusion has shortcomings. Using an off-line questionnaire is 

problematic in terms of its sensitivity to initial parsing preferences. Another aspect of 

concern is the production element of the study (see 2.3.2 Delayed Access Techniques, p. 

29). Participants were required to produce their responses, making the questionnaire a 

measurement of production biases rather than comprehension. Of course, it is 

reasonable to assume that the comprehending parser and its companion in production 

will operate in substantially similar ways regarding their treatment of syntax. But it may 

still be the case that individual preferences (and variation) in this assignment result from 
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other factors, including preferred type of sentence (e.g. one with a happy, or typical or 

dramatic conclusion) or constraints that emerge when more complex computations are 

required (i.e. the production system is likely to involve additional processing). 

Nevertheless, the Corley study poses a significant problem to parsing theories that do 

not account for individual differences. In the next chapter we will consider more cases 

of individual differences, which may have a deal to do with memory constraints. 

 

Chapter Summary 

We began this chapter with an outline of the thesis as a whole: an investigation of 

parsing theories from the standpoint of individual variation. The thesis is particularly 

concerned with theoretical ideas that might underlie this variation. A pragmatic 

definition of language was proposed along with a rudimentary parser in 2.2.2 What is 

Parsing?, p. 18. The chapter went on to justify, for the purposes of experimental work, 

the separation of syntax and semantics (2.2.3 Separating Syntax and Semantics, p. 19), 

comprehension and production (2.2.4 Separating Production and Comprehension, p. 

20), and writing and speaking (2.2.5 Separating Writing and Speaking, p. 21). We then 

turned to examine the use of ambiguous sentences with several methodologies: ERP 

studies, eye-movement tracking and self-paced reading (2.3.1 Immediate Access 

Techniques, p. 26), and tick-box and sentence completion questionnaires (2.3.2 Delayed 

Access Techniques, p. 29). 

 

The next section was concerned with types of parser. These are: serial parsers that may 

proceed deterministically or probabilistically; delayed attachment parsers; parallel 

parsers that develop unweighted, ranked or weighted representations (2.3 Classes of 

Parsing Models, p. 32). Our review of the evidence, which included the results of cross-

linguistic studies, concluded, tentatively, that weighted parallel models find the most 

empirical support, though both types of serial parser have yet to be falsified 

conclusively (2.3.5 Evidence, p. 38). 

 

The chapter concluded with the introduction of some individual differences in RC 

attachment and suggested that a MCS-based theory, coupled with a working memory 

component, is the parsing theory most compatible with such individual differences 

(2.4.2 Individual differences in parsing, p. 49). 
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CHAPTER THREE: THE ROLE OF RESOURCES 

THE ROLE OF RESOURCES 
 

3.1 Introduction 
Certainly the parser must work within architectural constraints, but while deterministic 

serial parsers do posit a memory resource, this may not vary in capacity. Probabilistic 

parsers, by contrast, have tended to explore this kind of variability (e.g. Just & 

Carpenter, 1992; MacDonald, Just & Carpenter, 1992; Pearlmutter & MacDonald, 

1995) because (i) probabilistic information sources are many and must interact within a 

processing arena and (ii) ‘resource constrained’ behaviour Femerges naturally from 

connectionist architectures. 

We will begin with a general description of working memory and its well-

documented influence on language processing. Next, we will discuss a number of 

resource theories that have been applied to parsing. These theories are: 

 

(i) a unified resource account from Carpenter and colleagues: psycholinguistic 

processing and storage, including parsing operations, compete for a limited 

component of the Central Executive portion of working memory;  

(ii) another unified resource account from MacDonald and colleagues: parsing is 

a component of overall language processing in a connectionist system, where 

variability is linked to the general linguistic expertise of individuals; 

(iii) a separate resource account from Waters and colleagues termed Separate 

Sentence Integration Resource (SSIR) Theory: ‘obligatory’ processes (for 

primary sentence interpretation) take place within a module with an 

encapsulated resource, and non-obligatory processes (for non-primary 

interpretation) operate in quite another module or modules with separate 

resources.  
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It should be noted at the outset that resource theories suffer from a degree of 

elasticity in their empirical predictions. Though we will review a good deal of evidence 

in this chapter it will not be possible to draw firm conclusions from the literature 

because the literature does not, at this point, permit them. However, testing the veracity 

of a specific resource account is the secondary aim of this thesis. Its primary aim is to 

investigate the existence of resource constraints in parsing operations. The aim of this 

particular chapter, the second part of the review, is to collect documented effects of 

resource constraints in general language processing and parsing. 

With respect to initial parsing operations, the touchstone for resource theorists has 

been the MV/RR ambiguity (see (9), p. 32). On balance, the evidence is suggestive of a 

correlation between working memory and parsing. The studies suggest a number of 

possible improvements (see 3.5 Conclusions and unanswered questions, p. 96). These 

will be pursued in the remaining chapters beginning with Chapter Four, which will 

outline an exploratory study into the relationship between working memory and parsing.  

 

~ 

 

No complex human thinking can avoid the need for memory. Language processing is an 

idealized instance of such thinking because both the production and comprehension of 

language require processing over time. Tasks such as syntactic parsing, thematic role 

assignment, comparison, inference, referential assignment, and logical operations, lie at 

the heart of comprehension (Carpenter, Miyake & Just, 1994). An area of storage is 

required for maintaining the partial computations generated by these processes. This 

storage area is also needed to retain the intact representation of earlier text (Kintsch & 

van Dijk, 1978; van Dijk & Kintsch, 1983). 

It is widely acknowledged that short-term memory resources influence language 

processing (Bever, 1970; Kimball, 1973; Perfetti & Lesgold, 1977; Kintsch & van Dijk, 

1978; Frazier & Fodor, 1978; Frazier, 1979; Just & Carpenter, 1980; Hawkins, 1994; 

Gibson, 1991, 1998; Engle, Cantor & Carullo, 1992; Just & Carpenter, 1992; Van 

Petten, Weckerly, McIsaac & Kutas, 1997) and that these resources may vary from one 

individual to another (Miller, 1956; Van Petten et al., 1997). The following examples 

(cited in Daneman & Merikle, 1996) illustrate three simple, deductible cases of verbal 

working memory in on-line sentence processing: the identification of he in Although he 

spoke softly, yesterday’s speaker could hear the little boy’s question (Just & Carpenter, 
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1980); knowing who liked the soup in Jake bought his new girlfriend a turtle for 

Christmas. He decided to take it back to the shop when he discovered she liked soup 

(Mitchell, 1982); resolving the apparent inconsistency in The dentist used the drill. He 

found it useful for mastering the Latin and Greek verbs (Daneman & Carpenter, 1983). 

Conceptions of working memory vary. Several researchers have proposed distinct, 

interrelated storage-processing components (Barnard, 1985; Gathercole & Baddeley, 

1993; Martin, Shelton & Yaffee, 1994; Shallice, 1988; Wilson, O’Scalaidhe & 

Goldman-Rakic, 1993). Most still maintain the view of traditional models (see Klatzky, 

1980, for a summary) of resource limitations as structural, but this structure varies. For 

example, rather than a single buffer, some models posit multiple working memories that 

are associated with different modalities and, in some cases, different representations 

(phonological, lexical and so on) or relations (spatial, serial, syntactic). Control 

mechanisms may be single (Cowan, 1988), multiple (Monsell, 1984) or entirely absent 

(Barnard, 1985).  

Most models of sentence parsing assume a fixed buffer as the primary constraint on 

working memory and, hence, on comprehension (Abney & Johnson, 1991; Carpenter, 

Miyake & Just, 1994). For example, Kimball’s (1973) parsing model was developed 

around the cost-minimizing assumption of Right Association. The Sausage Machine 

(Frazier & Fodor, 1978), the Garden Path Model (Frazier, 1979, 1987; Frazier & 

Rayner, 1982), and Construal Theory (Frazier & Clifton, 1996) were all designed, as 

serial processors, with a limited memory buffer. If the size of this buffer varies, we 

should expect, given the evidence above, to see performance variations in mechanisms 

that make use of those resources. This would include parsing.  



 

55 

3.2 Reading Span 

3.2.1 The Daneman and Carpenter reading span test (DC RST) 

Before we examine the theoretical perspectives on verbal working memory, together 

with evidence of its relationship to parsing, it would be useful to describe the Daneman 

and Carpenter (1980) Reading Span Test (hereafter DC RST).  

Prior to Daneman and Carpenter (1980), researchers had worked in vain to find a 

correlation between traditional measures of short-term memory (e.g. digit span, letter 

span, and word span) and standardized tests of comprehension (e.g. answering 

structured questions about passages of text). Correlations were found only with young 

children or impaired readers (e.g. Farnham-Diggory & Gregg, 1975; Perfetti & 

Goldman, 1976; Rizzo, 1939). Daneman and Carpenter argued that this failure was due 

to a theoretical error. These traditional tests treated short-term memory as a passive 

storage system, but verbal working memory should be an arena for both processing and 

storage. The DC RST, which was designed to tap both storage and processing, 

positively correlated with verbal SATs (r18 = 0.59, p < 0.01) and performance on the 

factual retrieval task (r18 = 0.72, p < 0.01) and the pronominal reference task (r18 = 0.90,  

p < 0.01)1. As anticipated, a traditional word span test did not correlate with any task. 

Higher-span readers also made fewer comprehension errors than lower-span readers, 

though even these errors generally demonstrated superior understanding of the text. 

Composition and Administration of the DC RST 

Participants are presented with a set of sentences to read. After the set has been read 

aloud, he or she must verbally recall the final word of each sentence in the set. The 

number of sentences in a set increases from two to six. The measurement of span is 

given by the longest set (two to six sentences in length) at which the participant recalls 

sentence-final words (reached criterion). Thus, a participant who can recall all six 

sentence-final words at set size six has a span of six. The RST has two important 

features. First, rehearsal time is short. The next sentence is presented immediately. 

Second, the sentences are unrelated in order to control for discourse effects. (The DC 

                                                 
1 An oral version of the reading span test was also significantly correlated with the three tasks, but to a 

lesser degree. 
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RST will be examined critically in Methodological issues, p. 63, and the second 

empirical study in this thesis, p. 120.) 

The DC RST has had a significant impact on the study of cognitive processing in 

several populations: learning- and reading-disabled individuals, the hearing- and 

visually-impaired, stroke victims and the young and the old (e.g. Daneman, 1988; Frisk 

& Milner, 1990; Light & Anderson, 1985; Salthouse & Babcock, 1991; Salthouse, 

Mitchell, Skovronek & Babcock, 1989; Stine & Wingfield, 1987; Swanson, 1993; 

Tompkins, Bloise, Timko & Baumgaertner, 1994). It has been used to investigate 

working memory’s contribution to speaking, writing, speech reading, and learning to 

read (e.g. Bock & Miller, 1991; Byrd, 1993; Daneman, 1991; Daneman & Green, 1986; 

Hupert, Nef & Maroy, 1992; Lyxell & Rönnberg, 1993; Rönnberg, Arlinger, Lyxell & 

Kinnerfors, 1989), solving arithmetic and reasoning problems, learning to program a 

computer, playing bridge, remembering the spatial arrangement of objects, controlling 

attention, and playing complex computer games (e.g. Cherry & Park, 1993; Clarkson-

Smith & Hartley, 1990; Das-Smaal, De Jong & Koopmans, 1993; Kyllonen & Christal, 

1990; Lehrer, Guckenberg & Lee, 1988; Lehrer & Littlefield, 1993; Logie, Baddeley, 

Mané, Donchin & Sheptak, 1989; Salthouse & Kersten, 1993; Shute, 1991; Staver & 

Jacks, 1988). Translations have been developed for Portuguese (Gaspar & Pinto, 2001), 

Spanish (Castejon-Costa & Pascual-Llobell, 1988; Gutierrez-Calvo, Jimenez & Castillo, 

1996), French (Desmette, Hupet, Schelstraete & van der Linden, 1995; Schelstraete, 

Desmette & Hupet, 1995), and Japanese (Osaka & Osaka, 1992). 

The DC RST now introduced, we can examine theories of the resource(s) that the DC 

RST claims to measure. 

3.2.2 Resource theories 

The short-term store and the central executive 

The working memory model of Baddeley and colleagues (Baddeley, 1983, 1996; 

Baddeley & Hitch, 1994) has multiple components. Verbal processing is shared by a 

short-term store (hereafter STS; Awh, Jonides, Smith, Schumacher, Koeppe & Katz, 

1996; Baddeley, 1996; Basso, Spinnler, Vallar & Zanobio, 1982; Fiez, Raife, Halota, 

Schwartz, Raichle & Petersen, 1996; Paulesu, Frith & Frackowiak 1993; Vallar, Betta & 

Silveri, 1997), which further divides into the phonological store and the articulatory 

loop, and a central executive (hereafter CE), which coordinates resources and inhibits 
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non-task processing (Baddeley, 1996; D’Esposito, Detre, Alsop, Shin, Atlas & 

Grossman, 1995; Lehto, 1996). 

There is good evidence that the STS is not involved in first-pass sentence 

comprehension (see Roberts & Gibson, 2002, for a review). Thus, language processing 

and storage are posited to take place within the CE. Evidence for this comes from 

studies that indicate a poorer correlation of reading comprehension tasks (e.g. verbal 

Scholastic Aptitude Test scores, see below) with STS tasks (e.g. digit span, a measure of 

storage) in contrast to a good correlation with CE tasks (e.g. the DC RST, a measure of 

storage and processing, Daneman & Merikle, 1996; and see 3.3.2 A meta-analysis of 

reading span research, p. 71). 

Next we will describe the three foremost resource theories of language processing on 

four useful dimensions: (i) the nature of the working memory resource; (ii) whether the 

parser is interactionist or modular, and whether its processing is symbolic or sub-

symbolic; (iii) the type of parser (serial or parallel), and (iv) empirical predictions. 

Carpenter, Daneman, Just, Varma and colleagues: A single resource theory 

Resources: Carpenter and colleagues originally attributed variations in apparent 

resources to variations in representation efficiency within (not size of) a processing-

storage resource, the CE; experience with complex reading materials induces a pressure 

to form more efficient representations, which gives the high capacity reader a 

processing advantage (e.g. Daneman & Carpenter, 1980). However, this view began to 

change towards one where the actual capacity of this resource varied between 

individuals rather than the representations themselves, and has since been codified in 

their (Just & Carpenter, 1980, 1992) capacity-constrained production system model, 

CC-READER (this will be examined in more detail in Chapter Seven).  

Information processing: This account is partially interactionist (non-modular) and 

symbolic.  

Type of parser: Carpenter and colleagues treat the parser as a parallel weighted 

model (e.g. MacDonald, Pearlmutter & Seidenberg, 1994). Its operations will be seen 

more clearly when we come to examine resource constraints in the MV/RR ambiguity 

later in this chapter (p. 82). The primary difference between relatively high and low 

resource readers is the total amount of ‘activation’ (in CC-READER terms) or 

processing power available during initial parsing. High resource readers are posited to 

construct more competing representations than low resource readers. 
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Predictions: This is an example of a classical single resource theory. It predicts 

correlations between performance on all storage-and-processing tasks and any aspect of 

linguistic behaviour because both are posited to tap a central, general, unified working 

memory resource. However, for these correlations to appear, resource demands in either 

set of tasks must be high enough to induce behavioural differences between higher and 

lower capacity individuals. 

Waters, Caplan and colleagues: A separate resource theory 

Resources: The approach of Waters, Caplan and colleagues is closely related to 

generative linguistic theory (e.g. Chomsky, 1965) and modularity (Fodor, 1983; Frazier, 

1987). They partition CE into at least two pools: one is used in ‘obligatory, on-line 

psycholinguistic operations in the comprehension process’ (Waters & Caplan, 1996c, p. 

770), which comprises ‘those operations that transform the acoustic signal into a 

preferred, discourse-coherent, semantic representation’ such as ‘acoustic-phonetic 

conversion; lexical access; recognition of intonational contours; assignment of 

propositional values, such as thematic roles, attribution of modification, and scope of 

quantification; and determination of discourse-level semantic values, such as topic, 

focus, co-reference, and others’; and another pool or pools devoted to ‘controlled, 

verbally-mediated tasks’, which include the ‘deliberate search through semantic 

memory for a piece of information [and] explicit reasoning and other tasks’. The former 

pool is termed interpretive and the latter pool(s) postinterpretive. Thus, their account is 

the separate-sentence-interpretation resource (SSIR) theory (Waters & Caplan, 2001). 

Information processing: This account is modular and symbolic. 

Type of parser: SSIR Theory treats the parser as a deterministic serial mechanism 

(Frazier, 1979, 1987; Frazier & Rayner, 1982) by dint of its information encapsulation. 

Predictions: This account may differ from other separate resource accounts by the 

choice of partition: variations in the position of this partition would produce variations 

in the theory and, with that, empirical predictions. However, the proponents of SSIR 

Theory hold that the DC RST – and many other verbally-mediated or consciously-

controlled storage-processing tasks – fail to tap the resources used in interpretive 

processing (a component of which is parsing).  

MacDonald, Pearlmutter, Christiansen and colleagues: A connectionist theory 

Resources: The approach of MacDonald and colleagues bears similarities to Carpenter 

and colleagues. Linguistic processes are carried out by a system that is limited in 
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resources and processing power. However, whereas the theory of Carpenter and 

colleagues (and indeed SSIR Theory) posits CE as an arena for processing and storage 

that is distinct from long-term declarative linguistic knowledge, MacDonald and 

colleagues argue that resource effects are an epiphenomenon of neural-network like 

processing: ‘In [Just & Carpenter’s and Waters & Caplan’s] view, capacity is something 

that enables a certain level of processing ability or skill, whereas for us, capacity is a 

synonym for that skill’ (MacDonald & Christiansen, 2002, p. 42). 

An important aspect of the connectionist approach, which should be introduced here, 

is the complexity of exposure. MacDonald and Christiansen (2002) cite the classic 

Frequency by Regularity interaction found in word recognition as the root of ostensibly 

qualitative processing differences that arise through exposure (e.g. Plaut, McClelland, 

Seidenberg & Patterson, 1996; Seidenberg & McClelland, 1989). In a connectionist 

network of spelling-to-sound translation, high-frequency words are recognized more 

rapidly and accurately than their low-frequency counterparts because the network has 

more ‘experience’ of the high-frequency words. However, this frequency effect is 

particularly strong for irregular words with an unusual (infrequent) grapheme-to-

phoneme relationship because, while regular low-frequency words build upon 

grapheme-to-phoneme mappings that the network has encountered many times before, it 

is less familiar with the irregular mappings. Thus, while the processing of regular words 

(and, for MacDonald & Christiansen, regular syntactic structures) is aided by 

experience of similar examples, irregular words are more greatly influenced by 

experience with an individual token. This implies that highly-skilled comprehenders 

have more experience of irregular syntactic structures. They process them faster and 

more accurately than less-skilled readers. They will also develop unique mapping 

associations, just as unique strategies are required for the English words yacht, 

Magdalene and colonel. Because the system is interactionist, these strategies may entail 

a number of non-syntactic cues, such as cross-tabulated lexical frequency. 

Another source of individual variation is the quality of phonological representations, 

which MacDonald and colleagues view as crucial to sentence processing. In modelling 

terms, variability may arise from changes in the number of hidden units (e.g. Harm & 

Seidenberg, 1999), training time (e.g. Munakata, McClelland, Johnson, & Siegler, 

1997), efficiency of activation transmission (e.g. Dell, Schwartz, Martin, Saffran & 

Gagnon, 1997), and ‘noise’ in the input presented to the network (e.g. St. John & 
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Gernsbacher, 1998). In all cases, variations affect both processing and storage 

simultaneously. 

Information processing: This account is interactionist and non-symbolic. 

Type of parser: MacDonald and colleagues treat the parser as a serial probabilistic 

mechanism (e.g. Pearlmutter & MacDonald, 1995). Probabilistic data are typically 

viewed in terms of plausibility. The judgment of plausibility is informed by an 

individual’s exposure.  

Predictions: This account is also a single, unified account and, as such, will 

significantly overlap in its predictions with the Carpenter and colleagues theory. It holds 

that the measure produced the DC RST will correlate with initial parsing processes, but 

this is due to task similarity. For MacDonald and colleagues, the primary difference 

between a high and a low resource reader is the former’s ability to apply extra-syntactic 

plausibility constraints (as part of an irregular mapping strategy) during initial parsing. 

3.2.3 Navon’s soupstone 

Not all researchers agree that resources, per se, should constitute a part of cognitive 

theories. All the models of parsing discussed in the previous chapter follow in this 

resource tradition. Navon (1984) suggests, albeit polemically, that ‘resources’ are 

nothing more than a metaphor, a theoretical soupstone1 that provides a linguistically 

convenient way of going beyond observed data. He identifies six methodological 

manipulations that have provided the foundation of general resource theories and 

suggests alternative, non-resource explanations for each: (i) motivation level (e.g. 

participants’ payment) manipulates the amount of resources allocated to a task, but may 

be alternatively explained by direct voluntary control or changes in information 

accessibility; (ii) task difficulty (e.g. luminance contrast) manipulates a resource unit’s 

efficiency in producing output, but may result from impaired sensory data; (iii) task 

complexity (e.g. the size of a memory set) manipulates the load imposed by the task and, 

consequently, the amount of resources required to meet criterion within a specified time 

period, but resource accounts tend to posit resource-constrained parallel processing 

when it is often unclear whether processing is serial or parallel, and, as a second point, 

                                                 
1 ‘A scamp taught a fool how to prepare a delicious soup that requires nothing but a soup stone. All one 

has to do is put the soup stone into boiling water. Yet, to achieve a better taste it is desirable to add some 
vegetables; some meat will make the soup especially tasty; salt and pepper will do no harm, and so 
forth.’ (Navon, 1984, p. 216, adapted from a Russian folktale) 
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heightened complexity may trigger a qualitative strategy change (e.g. Duncan, 1980); 

(iv) dual-task deficit (deterioration in performance on a target task when a concurrent 

task is introduced) manipulates the amount of resources available to the target task, but 

interference may also produce such deficits; (v) task priority (that priority assigned to 

the concurrent task within the dual-task situation) manipulates available resources for 

the target task, but, again, task interference is an equally viable hypothesis, and (vi) 

difficulty or complexity of the concurrent task also manipulates resources for the target 

task, but this resource-based explanation only holds as long as the manipulation of 

difficultly for one task does not affect the difficulty of the other (e.g. Navon & Gopher, 

1979). Navon (1984) concludes: 

 

Because in its common form resource theory asserts that processing resources are 
required by some, but not necessarily all, processes, and because the theory in 
itself does not make any a priori commitment about the identity or the properties 
of those processes that do require resources, it enjoys the convenient status of an 
existential claim: Only positive evidence is considered relevant. (pp. 230-231) 

 

However, this ‘would not bother whoever is willing to admit the notion of resources 

as a useful metaphor, regardless of its ontological validity’ (p. 231). Thus, Navon 

observes that (i) a structural resource theory may be unfalsifiable and (ii) resources are 

best used as a metaphor rather than an analogy. 

Navon’s concerns are addressed frequently by the three groups of theorists of interest 

here (e.g. Carpenter, Miyake & Just, 1994, MacDonald & Christiansen, 2002; Caplan & 

Waters, 2002). Their consensus is that, like working memory itself, the notion of 

resource limitation serves as a theoretically useful metaphor of a process that may 

physically realized somewhat differently. The problem of falsifiability, however, 

remains. 

3.2.4 Interpreting correlations between resource measures and 

task measures 

In general, two methods are employed when examining the relationship between 

working memory capacity and language-processing tasks. The first, which we will refer 

to as the individual differences approach, is to categorize participants on the basis of 

their capacity, typically into low-, medium- and high-span groups (Just & Carpenter, 

1992; Just, Carpenter & Keller, 1996; MacDonald, Just, & Carpenter, 1992; Miyake, 
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Carpenter, & Just, 1994; Miyake, Carpenter, & Just, 1995). The criteria for 

categorization are arbitrary, though an approximate convention is to segment the scale 

into thirds. The medium is frequently omitted. The high and low are then compared as 

different samples. This approach is not ideal for two reasons. Firstly, the excluded 

middle group may have contributed useful data. Secondly, the low and high groups 

constitute extremes; they may inflate correlation coefficients (Howell, 1997). 

A second method, the correlational approach, also has problems. Here, a continuous 

variable representing working memory is regressed against or correlated with a 

continuous measure of the task (Daneman & Carpenter, 1980; Daneman & Carpenter, 

1983; Daneman & Merikle, 1996; Waters & Caplan, 1996b). One problem does remain: 

the correlation is not direct evidence that the two tasks share a common resource base. 

This is illustrated in Figure 3, below. In this instance, Task A is the DC RST. Task B is 

a reading comprehension task. The unbroken arrowed connection between Tasks A and 

B indicates a correlation. The dashed arrowed connection indicates an hypothesized 

relationship. The left pane represents the conclusion that the correlation between Tasks 

A and B is due to their use of a shared resource. The right pane represents an alternative 

hypothesis, which holds that the correlation is due to task similarity. While the 

explanation in the left pane is more interesting, it must be remembered that the 

correlation may not represent shared resources. 
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Figure 3: Two possible causes of a correlation between a working memory 

measure and a task. 

3.2.5 Methodological issues 

Here we will examine some specific shortcomings of the Daneman and Carpenter 

(1980) reading span measure. Many of them have been addressed by the Waters, Caplan 

and Hildebrandt (1987), who presented a revised reading span test (hereafter WCH 

RST). The newer test will be described in general terms here, with a more specific 

description to follow in Chapter Five (5.1.2 Methodological issues, p. 120). 

Variations in modality, method and response 

Daneman and Carpenter (1980) used a reading version and a listening version of the DC 

RST, which both predicted reading comprehension. Participants had to answer questions 

about sentence content in the listening version only. Turner and Engle (1989) used a 

task that required participants to make on-line acceptability judgements. Sentences 

varied in complexity and word-order. For Tirre and Pena (1992), participants had to 

make on-line judgements about the truth of a written sentence (e.g. Neurosis is best 

treated by neurosurgery). Waters, Caplan and Hildebrandt (1987) required participants 

to judge acceptability based on the thematic role requirements of the verb (e.g. It was 

the book that the boy surprised). Other aspects that have differed between tests include 

Task A Task B

Resources

Task A Task B



 

64 

the presence of acceptability feedback (given in Tirre & Pena, 1992), if reaction time 

scores included the experimenter asking for the next stimulus (Turner & Engle, 1989) 

and the ways in which complexity was varied. The WCH RST attempts to deal with 

some of these issues by (i) including an on-line acceptability judgement based on verb 

thematic role requirements, which ensures a syntactic analysis, (ii) giving no feedback 

on this judgement, (iii) and controlling for sentence complexity. 

Storage vs processing-and-storage 

One of the most common criticisms of the DC RST is that, while it purports to tap 

processing and storage, it measures only storage (Waters & Caplan, 1996b). In a 

resource-constrained pool like the CE, processing and storage should use all resources 

in situations when processing load is high. However, storage will not always have a 

simple relation to processing. The trade-off may be realized in a number of ways, 

making a measure based only on the storage component difficult to interpret (Baddeley, 

Logie, Nimmo-Smith & Bereton, 1985; Daneman & Tardiff, 1987; Turner & Engle, 

1986; Tirre & Pena, 1992; Turner & Engle, 1989). The WCH RST includes a measure 

of reaction time in a verb-role acceptability judgement, which aims to tap processing 

efficiency. 
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First Interim Summary 

In 3.1 Introduction, the plan for this chapter was set out: a review of possible resource 

constraints in general language processing and parsing. In 3.2 Reading Span, the DC 

RST was described. It is a test of working memory capacity that correlates well with 

measures of reading comprehension. Its authors suggest that the test taps a component 

of working memory used in the initial processing of sentences. In 3.2.2 Resource 

theories, three theories of resources in language processing were presented: the 

interactionist, symbolic, single-resource theory of Carpenter and colleagues; the 

interactionist, connectionist, single-resource theory of MacDonald and colleagues; the 

modular, symbolic, separate-resource theory of Waters and colleagues (SSIR Theory). 

We then examined some theoretical notes from Navon (1984) that raise concerns about 

the notion of resources, and noted the limitations of both the individual differences and 

correlational accounts of the relationship between reading span and language 

processing. We finished the section with some general methodological notes about the 

DC RST, which will be addressed in more detail in Chapter Five (5.1.2 Methodological 

issues, p. 120) 
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3.3 Empirical studies 
Evidence for the role of resources will now be presented. In the following section, we 

will consider specialized populations (aphasics and the elderly; developmental research 

will also be examined) and a meta-analysis conducted by Daneman and Merikle (1996; 

these authors are associated with the Single Resource Theory group that includes 

Carpenter and colleagues). The reader is reminded that the three theoretical positions do 

not lend themselves to falsification because of the existential bias noted by Navon 

(1984).  

3.3.1 Evidence from specialized populations 

Evidence from aphasia 

Impairments to syntactic comprehension and production in aphasic patients are typically 

explained as the loss of structural (syntactic) or procedural knowledge (e.g. Berndt & 

Caramazza, 1980; Bradley, Garrett & Zurif, 1980; Caplan, 1985). However, a number 

of researchers have attempted to recast these findings as memory resource deficits 

(Miyake, Just and Carpenter, 1994; Frazier & Friederici, 1991; Friederici, 1988; Kolk & 

van Grunsven, 1985). This resource-based approach assumes no difference in 

knowledge between unimpaired readers and aphasics. 

There is often an interaction between degree of syntactic comprehension and extent 

of impairment (e.g. Harmaan & Kolk, 1991; Naeser, Mazurski, Goodglass, Peraino, 

Laughlin & Leaper, 1987): simple sentences tend to be comprehended readily 

(processing is within memory constraints) but, as complexity increases, performance 

begins to deteriorate. For example, Naeser et al. found that a patient’s overall degree of 

severity (as assessed by the Boston Diagnostic Aphasia Examination) was a reliable 

predictor of performance on an auditory comprehension test (matching complexity-

varied sentences against pictures the sentences described). This was found in a series of 

similar studies by Caplan and his colleagues (Caplan, Baker & Dehaut, 1985; see also 

Caplan & Hildebrandt, 1988). They tested aphasic patients on a number of sentences 

ranked for complexity. The complexity varied with: the number of potential thematic 

roles, the number of verbs, canonical/non-canonical ordering, noun retention (whether 

or the not the noun must be retained while another set of thematic roles is computed), 
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and noun role. The simplest sentence was The rat hit the dog (active structure; no added 

complexities) and the most complex was The rat that the dog hit hugged the cow 

(centre-embedded object relative structure; all complexities added). As with Naeser et 

al., Caplan et al. found that comprehension performance was strongly influenced by 

structural complexity. 

Of course, while this evidence supports the role of resources in sentence processing, 

it may equally be the case that these aphasics suffer from a loss of syntactic knowledge. 

If it is true that such aphasics experience problems because of a reduced processing 

capacity, it should be possible to elicit aphasia-like behaviour in normal individuals by 

constraining their resources. Any resource account would predict that increasing the 

presentation rate of information will increase the load associated with processing it. 

Individuals with fewer resources should experience the problems of high processing 

load more quickly than those with more resources. Miyake, Carpenter and Just (1994) 

presented sentences using Rapid Serial Visual Presentation (RSVP). In this paradigm, 

the sentence is presented word-by-word on a computer monitor. The interval between 

presentations was fixed. In the ‘fast’ condition, word-to-word interval was 120 

milliseconds (msec). In the ‘slow’ condition, it was 200msec. Participants answered a 

true/false question after each sentence. Miyake et al. found that comprehension 

accuracy mimicked the complexity ordering of Caplan et al. (1985). Both working 

memory resources (as measured by the DC RST) and presentation speed were related to 

comprehension accuracy; this influence increased with sentence complexity so that 

lower-span readers in the fast condition performed worst and higher-span readers in the 

slow condition performed best. 

These findings are consistent with the role of working memory resources in certain 

aphasic language behaviours, but the RSVP may be as analogous to impaired syntactic 

knowledge (or access to it) as it is to reduced processing resources. As such, the aphasic 

literature is uninformative on the specific issues under consideration. 

Evidence from developmental studies 

In a cross-sectional study, Booth, MacWhinney and Harasaki (2000) examined the 

reading span of American children from school grades two to six. They found no effect 

of reading span on the initial parsing of various non-ambiguous sentences. For 

Carpenter and colleagues and MacDonald and colleagues, who both posit a single 

memory resource in language processing, the failure to find such an effect may be 
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attributed to insufficient demands on capacity, which are required to draw out 

differences. For Separate Sentence Integration Resource Theory (which posits two 

separate resource pools), this would be taken as further evidence for their assertion that 

the DC RST does not tap the interpretive resource using in initial parsing. 

However, a role for working memory has been shown by studies that indicate 

marked improvements in comprehension when materials are designed to minimize 

working memory demands. For example, in an object-manipulation (‘acting out’) task, 

Mann, Shankweiler and Smith (1984) found that third grade poor readers made more 

errors than age-matched good readers in the comprehension of structurally complex 

sentences, such as those containing centre-embedded relative clauses. A follow-up study 

greatly increased poor readers’ performance by (i) reducing the number of potential 

relations in the complex sentences, (ii) arranging all sentences so that they depicted 

highly plausible events, and (iii) providing act-out materials that fitted with pragmatic 

presuppositions (i.e. providing two ‘boy’ dolls following the sentence The boy who the 

girl pushed tickled the crown to make the relative clause who the girl pushed clearer as 

a way of indicating the ‘boy’ doll in question).  

While this study is congruent with the accounts of Carpenter and colleagues and 

MacDonald and colleagues, it may also be explained by differences in the accumulation 

(or application) of complex syntactic knowledge. Poorer knowledge would lead to a 

lower reading span score and, obversely, better knowledge a higher span score. It would 

then be natural to expect differences by span in the ability to compute relations in 

sentences. General poor reading, not working memory resources, may also account for 

the effects of plausibility and pragmatics. It is also the case that differences between 

developing parsers (the children) may not hold for their adult counterparts. 

Evidence from elderly readers  

Several studies have shown a difference in scores on the DC RST between older 

(typically over 60 years of age) and younger (typically undergraduate) adults (Gick, 

Craik & Morris, 1988; Light & Anderson, 1985; Marmurek, 1990; Pratt & Robins, 

1991; Stine & Wingfield, 1987, 1990; Tun, Wingfield & Stine, 1991; Wingfield, Stine, 

Lahar & Aberdeen, 1988). Additionally, a significant relationship between 

reading/listening span and age has been reported (Pratt & Robins, 1991; Salthouse, 

1992; Salthouse & Babcock, 1991; Stine & Wingfield, 1987; Stine, Wingfield & Myers, 

1990; Tun et al., 1991). 
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A variety of tasks have been used to examine sentence comprehension and age, 

including object manipulation, question answering, acceptability judgement, and 

sentence recall (see Waters & Caplan, 2001). For example, Baum (1991) and Waldstein 

and Baum (1992) used a word-monitoring paradigm to examine the sensitivity of 

younger and older adults to local and distant ungrammaticalities. They found that older 

participants were slower but equally sensitive to grammar. The theories of Carpenter 

and colleagues and MacDonald and colleagues would accommodate this finding with 

the observation that, while the older participants may have a generally smaller capacity, 

it is within their ability to process distant ungrammaticalities as well as younger readers. 

The slow-down would result naturally from relatively higher resource constraints in the 

older participants: at a given point midway through the task, the older participants will 

have done comparatively less processing. SSIR Theory may also incorporate such 

findings by asserting that the word-monitoring paradigm taps the nonpsycholinguistic 

resource pool. 

On the other hand, Emery (1985, 1986) found no age differences for relatively easy 

tests of comprehension (e.g. most of the Boston Diagnostic Aphasia Examination 

subtests) but older adults (aged 75-93) performed worse than younger adults (aged 30-

42) on tests that involved syntactically-complex sentences. Moreover, group differences 

were larger on the more structurally-complex subsections. This finding was replicated 

using an auditory syntactic comprehension test (Obler, Fein, Nicholas & Albert, 1991) 

that was administered to four groups of adults (aged from 30 to 80). The effect of age on 

syntactic complexity mirrors the effect of aphasia (Caplan et al., 1985; Naeser et al., 

1987) and time pressure induced-aphasia (Miyake et al., 1994). In another study, 

Kemper (1986) asked participants to repeat a sentence they had just heard. If the 

sentence contained a grammatical error, they were asked to correct it. There were no 

differences between young (aged 30-49) and elderly adults (aged 70-89) in the 

repetition of simpler sentences. However, with longer sentences, elderly participants 

had more difficulty, and were particularly affected by structural complexity. A sentence 

such as What I have took out of the oven interested my grandchildren was correctly 

imitated or paraphrased by the young adults 94% of the time. Elderly adults, however, 

provided a satisfactory response on only 8% of the trials. Kemper and her colleagues 

have found that age increases the use of simpler syntactic constructions in both 

spontaneous speech and writing (Cheung & Kemper, 1992; Kemper, 1987, 1988; 

Kemper, Kynette, Rash, Sprott & O’Brien, 1989; Kynette & Kemper, 1986).  
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However, such studies are limited in that they do not report the working memory 

resources of older participants1, which may vary individually. Waters and Caplan (2001) 

attempted to redress this balance by examining on-line processing, age and reading span 

(using the Waters, Caplan and Hildbrandt, 1987, reading span test2). They compared 

acceptable sentences like It was the food that nourished the child with unacceptable 

variants like It was the car that drove the woman. Sentences were presented in an 

Auditory Moving Window (AVM) paradigm (Ferreira & Anes, 1994; Ferreira, 

Henderson, Anes, Weeks & McFarlane, 1996). Waters and Caplan (2001) found that 

older participants had significantly lower reading spans than the younger group. There 

was a general effect of age on both the processing and storage components of the span 

task. Older participants were generally poorer in both respects. However, there was no 

interaction with sentence region (more complex sentences had identifiable regions that 

were highly resource-demanding). At face value, this result is most compatible with a 

general slowing account (e.g. Salthouse, 1994, 1996), but Carpenter and colleagues and 

MacDonald and colleagues could counter that processing load was not heavy enough to 

illicit differences. The SSIR theorists (who include Waters and Caplan) take this result 

to indicate that general working memory resources are unrelated to those used in on-line 

sentence comprehension. 

Some theorists hold that ostensible working memory differences between young and 

elderly readers are more appropriately viewed from the non-capacity viewpoint. For 

example, Hasher and Zacks (1988), attribute this difference to a loss in the ability to 

inhibit irrelevant information (cf. Navon, 1984; and see 3.2.3 Navon’s soupstone, p. 60). 

Though this is a non-capacity explanation, it is quite compatible with all the resource 

theories (perhaps most readily the account of MacDonald and colleagues). A second 

alternative is proposed by Salthouse (1994, 1996), who suggests a general slowing 

account on the basis of slowed perceptual and cognitive processing in older adults. 

However, it is not clear how this explanation accounts for the circumstances in which 

higher-span readers are slower than lower-span readers in processing-heavy regions of a 

syntactic ambiguity (e.g. MacDonald, Just & Carpenter, 1992). 

                                                 
1 With the exception of Kemper and Kemtes (1999). However, their span findings are difficult to interpret 

(see Waters & Caplan, 2001, p. 130). 
2 This is not precisely equivalent to the DC RST, but it is similar enough for the purposes of this section 

(see Methodological issues, p. 63, this thesis). 
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Overall, there is no clear consensus on the interpretation of age-related effects in 

language processing. 

 

Second Interim Summary 

Studies of aphasic behaviour and induced aphasia are consistent with the unified 

resource accounts of Carpenter and colleagues and MacDonald and colleagues. 

However, aphasia may be described equally well as a loss of syntactic knowledge. 

Additionally, induced aphasia may not be analogous to reduced working memory 

resources. A developmental study was described that predicted the availability of 

resources to vary with age. While the study may confirm its prediction, its findings may 

be viewed as illustrating differences in syntactic knowledge. Finally, investigations of 

age-related decline in resources were examined. They were found to be inconclusive 

because the various resource theories under review may accommodate their results. 

Overall, studies investigating specialized populations for the relationship between 

working memory resources and comprehension have not produced direct evidence for 

the relationship. 

 

3.3.2 A meta-analysis of reading span research 

Daneman and Merikle (1996) performed a meta-analysis on all studies that applied the 

DC RST to some measure of reading comprehension in normal populations. Its purpose 

was to go beyond inconsistent data (such as those identified in the above paragraphs) 

and illustrate trends. For example, a glance at the literature reveals that some have found 

the DC RST to be a good predictor of comprehension (e.g. Dixon, LeFevre & Twiley, 

1988; Masson & Miller, 1983) whereas others have not (e.g. Light & Anderson, 1985; 

Morrow, Leirer & Altieri, 1992). Some have found the DC RST superior in its 

prediction of reading comprehension in comparison with traditional span measures (e.g. 

Dixon et al., 1988; Masson & Miller, 1983; Turner & Engle, 1989) whereas others have 

not (e.g. Calvo, Ramos & Estevez, 1992; La Pointe & Engle, 1990). Some have found 

verbal working memory measures superior to mathematical working memory measures 

for the prediction of language comprehension performance (e.g. Baddeley, Logie, 

Nimmo-Smith & Bereton, 1985; Daneman & Tardiff, 1987) whereas others have not 

(e.g. Norman, Kemper & Kynette, 1992; Turner & Engle, 1989). Daneman and 

Merikle’s (1996) meta-analysis incorporated papers from 1980 to 1995 (plus a 1939 
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study by Rizzo). Only young, normally-skilled adult readers were included. In total, 77 

independent studies contributed data from 6179 participants. The predictors were 

classified as ‘storage’ or ‘storage-and-processing’, with a further dimension of ‘verbal’ 

or ‘mathematical’: verbal storage included word and letter span; mathematical storage 

included digit and probe-digit span; verbal storage-and-processing included the DC 

reading and listening span tests, plus a close variant of the reading span test employed 

by Baddeley et al. (1985); mathematical storage-and-processing included math span1, 

counting span and backward digit span. 

Measures of comprehension were classified as ‘global’ and ‘specific’. The former 

include the Verbal SAT, the Nelson-Denny Reading Test, the Mill Hill Vocabulary test, 

WAIS Vocabulary, and others. These are standardized tests. The ‘specific’ 

measurement generally addressed sentence-level processing: assigning pronominal 

reference, making inferences, detecting ambiguity, monitoring and revising 

inconsistencies, abstracting the main theme, following verbal directions, and recalling 

propositional content. These tasks are nonstandardized. Note that these measures fall 

into postinterpretive category of SSIR Theory: verbally-mediated, consciously-

controlled tasks that are (hypothesized to be) unrelated to the interpretive module 

responsible for initial sentence interpretation. 

 

Table 1: Average weighted effect size (product moment correlation coefficient, r) 

and 95% confidence interval (CI) for each working-memory/comprehension 

association (Reproduced from Daneman & Merikle, 1996, p. 427) 

 Global Comprehension Specific Comprehension 

 r CI r CI 

Process and storage     

Verbal 0.41 0.38 – 0.44 0.52 0.49 – 0.55 

Math 0.30 0.25 – 0.35 0.48 0.43 – 0.53 

Storage alone     

Verbal 0.28 0.23 – 0.33 0.40 0.34 – 0.46 

Math 0.14 0.10 - 0.18 0.30 0.25 – 0.35 

 

                                                 
1 Approximately, this is the RST with equations (instead of sentences) that take the form: (9/3) + 4 = ? 
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Table 1 (reproduced from Daneman & Merikle, 1996) shows a breakdown of the 

effect sizes for working memory on comprehension. The presence of non-overlapping 

95% confidence intervals for each correlation indicates a difference at the 5% level of 

significance. The first point to note is that verbal processing-storage measures are good 

predictors of comprehension. This is consistent with the accounts of Carpenter and 

colleagues (including Daneman) and MacDonald and colleagues. However, it is also 

compatible with SSIR theory, which holds that the DC RST taps the pool used by 

postinterpretive processes and, thus, will find a relationship with tasks that are 

postinterpretive. The second point to note is that processing-storage (CE) tasks are 

generally better predictors of comprehension than storage-alone (STS) tasks. To rule out 

the possibility that this is due to theoretically-trivial reliability differences, the authors 

conducted a small-scale meta-analysis on the same papers and found that reliability did 

not differ significantly between the two. A similar analysis was conducted to rule out an 

effect of age. Thirdly, such processing-storage tasks are better predictors of specific 

comprehension, with r = 0.52, than global comprehension, where r = 0.41. This means 

that in 36 studies, comprising 2745 participants, the DC RST was a significant predictor 

of various sentence processing tasks. This is also consistent with the idea that working 

memory tests and sentence processing share a common resource pool.  

As we have already seen, the assertion that a correlation between two tasks implies a 

common resource pool is not the only explanation for the correlation; more trivially, the 

correlation may arise from task overlap (see 3.2.4 Interpreting correlations between 

resource measures and task measures, p. 61). Daneman and Merikle respond to this 

criticism (e.g. Baddeley, Logie, Nimmo-Smith & Bereton, 1985) with the observation 

that non-verbal mathematical storage-and-processing tasks correlate almost as well (r = 

0.48 in specific comprehension tests), which, they suggest, indicates that both these 

tasks and the DC RST tap a general resource that underlies reading comprehension. This 

may indeed be the case – unless the mathematical task superificially overlaps with the 

DC RST because the two are verbally-mediated, which may be supported by the same 

data (e.g. Logie, Gilhooly & Wynn, 1994). 

Daneman and Merikle’s observation is consistent with the theory of Carpenter and 

colleagues, which would suggest that all three tasks – verbal processing-and-storage, 

mathematical processing-and-storage and specific comprehension – draw upon the same 

resource pool. It is not clear that the theory of MacDonald and colleagues would predict 

such a correlation. If not, the authors might take the same view as those of SSIR 
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Theory: mental arithmetic may be consciously, verbally-mediated. In this case, the 

mathematical processing-and-storage task taps the resources used in postinterpretive 

processing. 

The finding does, at the very least, add credence to the claim that the DC RST 

prediction of specific comprehension is based on more than the trivial explanation (e.g. 

Baddeley et al., 1985) that sentence comprehension correlates with paragraph 

comprehension; it would appear that an individual’s ability to process and store 

representations is related to their comprehension ability. The fifth, and final, point is 

that while mathematical storage-processing is a good predictor of specific 

comprehension, verbal storage-processing is a better one. Processing domain is 

therefore important (as is storage domain, indicated by the bottom half of Table 1). 

Overall, the Daneman and Merikle meta-analysis is consistent with each of the three 

resource accounts under review. However, it does not provide direct evidence for the 

role of resources in language comprehension. Moreover, its measures of specific 

comprehension – assigning pronominal reference, making inferences, detecting 

ambiguity, monitoring and revising inconsistencies, abstracting the main theme, 

following verbal directions, recalling propositional content – provide data for processes 

that are nonpsycholinguistic in the conception of SSIR Theory. So if Daneman and 

Merikle had found evidence for resource effects in these tasks, it would not serve to 

demarcate between the three resource theories. We need to review measures that are 

more obviously related to initial parsing. 

3.3.3 The role of reading span in discourse processing 

Span and context effects: 

During reading, inferences must sometimes be drawn; these can be bridging or 

elaborative (Singer, 1994). The former class are required to make sentences coherent 

within a passage of text (these inferences were examined by Daneman & Carpenter in 

their seminal 1980 study; see 3.2 Reading Span, p. 55). Elaborative inferences, on the 

other hand, are those implied by the text but not required for basic understanding. The 

relative importance of working memory in bridging inferences increases when resources 

are stretched by the insertion of neutral sentences over which the inference must bridge 

(Daneman & Carpenter, 1980; Guitérrez-Calvo, Castillo & Espino, 1996; Singer, 

Andrusiak, Reisdorf & Black, 1992; Singer & Ritchot, 1996; Yuill, Oakhill & Parkin, 

1989). Researchers assume that elaborative inferences are drawn only in the presence of 
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strategic, post-lexical effects: whereas bridging inferences are drawn immediately (less 

than 500 miliseconds after the inducing context), elaborative inferences develop much 

later (after 500 msec; Calvo, 2001, p. 366). Estevez and Calvo (2000) provide evidence 

that higher-span readers construct elaborative inferences with greater facility than 

lower-span readers. Simple lexical associations were controlled, but this study suffered 

from other methodological shortcomings (see Calvo, 2001, p. 367). 

Calvo (2001) improved the design and examined predictive inferences1, a sub-class 

of elaborative inferences, in an eye-movement tracking study. A Spanish version of the 

DC RST was used (Guitérrez-Calvo, Jiménez & Castillo, 1996). It differed from the 

original span test in that (i) it was presented on a computer screen and (ii) each 

participant was required to judge if sentences were factually correct. He confirmed the 

findings of the Estevez & Calvo (2000) study: higher-span readers were faster than 

lower-span readers in processing sentences that were congruent with their predictive 

inferences. However, this facilitation did not take place at the target word but further 

into the target sentence; this suggests that predictive inferences take longer to process 

(see Calvo, 2001, p. 375 for a detailed interpretation), although it is not accurate to say 

that processing is truly late because this facilitation represents the end point of building 

activation. Thus, this provides good evidence that higher-span readers construct 

inferences to aid on-line sentence processing. As such, it supports the theories of 

Carpenter and colleagues and MacDonald and colleagues, which postulate (i) DC RST 

measures general verbal working memory and (ii) it has a role in primary sentence 

interpretation. SSIR Theory holds that the DC RST does not measure the memory used 

in on-line processing and, as such, does not predict a difference between higher- and 

lower-span readers in sentence processing. Furthermore, elaborative inferences may be 

computed by a nonpsycholinguistic processor. 

Though predictive inferences are mainly associated with higher-span readers, there is 

some evidence that normal readers (of any capacity) may draw them if context highly 

constrains their predictability (Calvo & Castillo, 1996; Calvo, Castillo & Estevez, 1999; 

Fincher-Kiefer, 1995, 1996; Keefe & McDaniel, 1993; Klin, Guzmán & Levine, 1999; 

Klin, Murray, Levine & Guzmán, 1999; Murrary, Klin & Meyers, 1993; Whitney, 

Ritchie & Crane, 1992). However, some studies have found no evidence of this 

                                                 
1 For example, given the sentence, She owed a letter to her mother, so she picked up some paper and sat 

down, a natural predictive inference might be that she wrote a letter (Calvo, 2001, p. 366). 
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(Magliano, Baggett, Johnson & Graesser, 1993; Millis & Graesser, 1994; Potts, Keenan 

& Golding, 1988). 

Van Petten, Weckerly, McIsaac and Kutas (1997) investigated the relationship 

between reading span and both lexical- and sentential-context effects. The lexical 

context effect arises from a mutual facilitation between word-pairs such as hot-cold and 

salt-pepper, as indicated by higher accuracies and shorter reaction times in a number of 

tasks (e.g. Neely, 1991). The sentential context effect is a similar processing facilitation 

effect. It is observed when words are presented in coherent rather than incoherent 

sentences (e.g. Simpson, 1991). For a variety of reasons, theorists have concluded that 

lexical context effects arise from a fast, automatic route whereas sentence context uses a 

slow, optional route (e.g. Fodor, 1983; see Van Petten et al., p. 238, for a review). In 

Van Petten et al.’s ERP study, associated or non-associated words were presented in 

coherent or non-coherent sentences. Higher-span readers (scoring four or above on the 

DC RST) showed significantly different processing of sentence-congruent and 

-incongruent conditions in comparison to lower-span readers (scoring two or below). 

However, lower-span readers and higher-span readers showed a similar processing 

difference between associated and non-associated word pairs. Thus, readers with fewer 

working memory resources are poorer at manipulating sentence-level context 

information, but may use word-level context to help read a sentence just as well as 

higher-span readers. The relationship between the DC RST and sentence-level 

processing is consistent with the theories of Carpenter and colleagues and MacDonald 

and colleagues; SSIR Theory would predict no such relationship. 

Finally, in a study by Whitney, Ritchie and Clark (1991), participants read passages 

with vaguely specified referents and actions (e.g. things, do). The overall topic of the 

passage was obscure (cf. the ‘washing clothes’ passage developed by Bransford & 

Johnson, 1973). Participants provided thinking-out-loud commentaries as they read (see 

Olson, Duffy & Mack, 1984). Lower-span readers tended to provide more elaborations 

than higher-span readers. Their comments were evenly distributed throughout the 

passage. Lower-span readers committed to an early interpretation (often incorrect) and 

tried to force the remaining text to fit this idea. Higher-span readers, on the other hand, 

tended to save their elaborations for the final moments of the passage. They maintained 

more cues and delayed their commitment. 

In summary, there is empirical support for the idea that the DC RST taps the same 

limited resources as on-line elaborative inferential processes. However, it is not clear 
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that these inferential processes constitute initial parsing because they appear relatively 

late (Calvo, 2001). Additionally, the relationship between the DC RST and inferential 

processing may be due to task overlap.  

Text Distance Effects 

Text distance has been found to affect processing in a number of constructions and 

relations. For example, when a passage contains pronouns, reading time increases in a 

linear fashion as the number of clauses or sentences intervening between the antecedent 

and the pronoun increase (Clark & Sengul, 1979). Similar effects have been found when 

entities must be linked according to causality (Keenan, Bailet & Brown, 1984), as well 

as pronominal reference, adverbial reference and connectives (Fischer & Glanzer, 1986; 

Glanzer, Dorfman & Kaplan, 1981; Glanzer, Fischer & Dorfman, 1984). Such studies 

are typically interpreted as evidence for the key role of linkages between entities in 

comprehension (e.g. Just & Carpenter, 1980). (The observation that linkage 

performance varies monotonically with the DC RST (Just & Carpenter, 1992) casts 

doubt on the suggestion that higher-span readers are simply more skilled at marking 

referents for storage.) 

Though such text distance effects index a working memory capacity, they involve 

non-initial parsing processes, and they do not in themselves differentiate between the 

three theories under discussion: for the theory of Carpenter and colleagues, general 

working memory resources vary; for SSIR Theory, postinterpretive resources can vary; 

for the connectionist account, distant relations are seen as an ‘irregular’ structure, and, 

for reasons already outlined, subject to variation due to exposure. 

Lexical ambiguity 

Another capacity-demanding operation is the processing of ambiguous material. If the 

parser does indeed maintain multiple representations, one would expect lower-span 

readers to process such ambiguities in a manner different to higher-span readers. 

Miyake, Just and Carpenter (1994) examined this differential. They presented 

participants with sentences that contained an ambiguous lexical item (a homograph). 

Previous studies indicated that both meanings of a homograph are activated 

immediately, even when the preceding context strongly favours one interpretation (e.g. 

Seidenberg, Tanenhaus, Leiman & Bienkowski, 1982; Swinney, 1979; Tannenhaus, 

Leiman & Seidenberg, 1979). Miyake et al. were interested to observe how readers deal 
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with multiple meanings when the disambiguating material comes much later in the 

sentence. 

 

(22) Since Ken really liked the boxer, he took a bus to the nearest 
sports arena to see the match. 

 
(23) Since Ken really liked the boxer, he took a bus to the nearest pet 

store to buy the animal. 
 

In both (22) and (23) the homograph boxer can be interpreted as a pugilist (the 

dominant meaning) or a smooth-coated bulldog (the subordinate meaning)1. The reader 

cannot be sure how to resolve the ambiguity until the disambiguating region is 

encountered (sports arena or pet store). Lower-span readers, with their reduced 

resources, were expected to ‘lose’ the subordinate meaning quicker because its initial 

activation level would be lower in the absence of preceding contextual cues (Carpenter 

& Daneman, 1981; Gorfein & Bubka, 1989). Thus, the disambiguation that favoured the 

dominant meaning of boxer would be processed more quickly than the disambiguation 

that favoured the subordinate meaning. Higher-span readers, on the other hand, should 

have more resources available for the maintenance of the dominant meaning. They 

should integrate the disambiguating information with greater facility. The results 

supported this prediction. Whereas lower- and medium-span readers demonstrate a 

processing cost upon entering the disambiguating region, higher-span readers do not. 

This supports the view that the resources measured by the DC RST are involved in the 

maintenance of multiple lexical representations, which is predicted by the accounts of 

Carpenter and colleagues and MacDonald and colleagues, but not the SSIR Theory, 

which holds that the DC RST should not be able to tap the interpretive resource.  

 

                                                 
1 Other meanings are: ‘one who puts things in boxes’, ‘a member of a Chinese secret society organized in 

the late 19th century, whose primary aim was to save the Chinese empire’, ‘a boxwood pegtop’ and ‘a 
tall hat’ (Oxford English Dictionary, 2003).  
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Summary 

There is evidence for a relationship between the DC RST and the processing of 

contextual information in reading. However, conclusions are hampered by two aspects 

of this evidence: (i) the relationship may be due to simple task overlap, which makes it 

difficult to evaluate the role of resources, and (ii) the language processes may not reflect 

initial parsing, which makes it difficult to demarcate between the various resource 

theories. 

 

3.3.4 The role of reading span in parsing 

This thesis is concerned with the role of resources in parsing. Now will we turn to 

research that addresses this issue directly. Conclusions should be firmer on this matter, 

because initial parsing is a primary psycholinguistic process; this will provide evidence 

with which to evaluate the thus-far-exempted SSIR Theory. Furthermore, the role of 

resources should be clearer, since higher- and lower-span readers should show 

differences at processing-heavy regions within a sentence. This will help to demonstrate 

whether the relationship between a resource task (such as the DC RST) and a parsing 

task is best attributed to task similarity or a shared limited resource. 

Complexity: Centre-embedded sentences 

It is not controversial to suggest that the parser is limited by its architecture. This 

implies that syntactically complex sentences will make relatively heavier demands on 

working memory resources than simpler sentences. This is supported by Carpenter and 

Just (1989), who found that increasing the complexity of sentence items in the DC RST 

decreased reading span score. Centre-embedded sentences contained a nested clause 

that requires the processing of the main structure to be suspended (the nested clause is 

marked with [square brackets] in the examples below). 

 
(24) The reporter [that the senator attacked] admitted the error. 

 
(25) The reporter [that attacked the senator] admitted the error. 

 

The first example, (24), is an object-relative structure, whereas (25) is a subject-

relative. There is good evidence that subject-relative structures are easier to read than 

object-relatives from studies of on-line word-by-word reading (Ford, 1983) and eye-
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movement tracking (in French; Holmes & O’Regan, 1981). Additionally, extrinsic 

memory load impairs comprehension and extrinsic load recall more severely for object-

relative than subject-relative sentences (Wanner & Marastos, 1978). The root of the 

object-relative’s increased complexity lies in the ambiguity of the first noun phrase, The 

reporter, which may be the agent (the preferred analysis) or the patient (the dispreferred 

one) of the ensuing structure. Thus, processing cost should be heaviest at the first noun 

phrase (because a single concept with two thematic roles is computationally intensive, 

Bever, 1970; Sheldon, 1974) and the disambiguating verb. 

King & Just (1991) investigated the processing of this ambiguity by readers whose 

reading spans were measured using the DC RST. They used a self-paced, word-by-word 

reading paradigm (Just, Carpenter & Woolley, 1982). For half of the time, participants 

maintained an extrinsic memory load. For the other half, they did not. King and Just 

hypothesized that, although higher-span readers and lower-span readers would have 

difficulty with both forms of the ambiguity, lower-span readers should be taxed more 

greatly by the object-relative structure in comparison with higher-span readers, 

particularly in the two processing-heavy regions (first NP and last V). King and Just 

classified participants as high, medium and low span readers. They found, firstly, that 

all three groups took longer to process object-relative sentences than subject-relative 

ones (which concurs with Ford, 1983). Second, higher-span readers were faster than 

lower-span readers on the main verb, averaging across sentence type. This supports the 

two unified resource accounts, but does not support SSIR Theory, which predicts that 

the DC RST should not tap the resources used in interpretive processing. Third, there 

was an interaction between span and relative clause type. Higher-span readers and 

lower-span readers did not differ on their processing of the easier subjective-relatives, 

but lower-span readers took longer to read the object-relatives. King and Just interpreted 

these findings to indicate that whereas both lower-span readers and higher-span readers 

had the resources to process subject-relatives, higher-span readers could process the 

object-relatives more easily. These findings were modelled using CC-READER in Just 

and Carpenter (1992), which we will discuss further in Chapter Seven.  

However, the interpretation is complicated by (i) the omission of a critical statistic 

and (ii) a non-significant interaction (Waters and Caplan, 1996c, pp. 764-765; 

MacDonald and Christiansen, 2002; Caplan & Waters, 2002). With regards to the 

former, King and Just reported data that was collapsed across reading conditions 

(presence or absence of concurrent load). Because lower-span readers are likely to be 



 

81 

more influenced by load, this will have strengthened effects. However, graphical data 

(Figure 9 in Just and Carpenter, 1992) was presented only for the load-free self-paced 

reading. There is uncertainty, therefore, as to which effects – the main effect of reading 

span, main effect of relative clause type, and the Span by Clause Type interaction – are 

actually reliable. With regards to the second criticism, King and Just failed to find a 

three-way interaction: Span by Clause Type by Region. As has already been noted, the 

theories of Carpenter and colleagues and MacDonald and colleagues would predict that 

lower-span readers will be slower during more complex regions than higher-span 

readers. Waters and Caplan (1996c; 2001; Caplan & Waters, 2002) regard this 

interaction as a critical hurdle for the theory of Carpenter and colleagues. King and Just 

(and Just & Carpenter, 1992; Just & Carpenter, 1996; Just & Varma, 2002) do not; they 

regard the Span by Clause Type effect as adequate evidence in its support. On balance, 

the three-way interaction would be preferred because it is implied by a single resource 

account; in its absence, it is perhaps easier to suggest that the two-way interaction is due 

to task similarities betwen the DC RST and on-line reading task. (In the event, however, 

a Span by Clause Type by Region interaction was found in a MV-RR ambiguity by 

MacDonald, Just and Carpenter (1992) and Pearlmutter and MacDonald (1995). We 

will soon discuss this stronger finding in Syntactic ambiguity (1): Main-Verb/Reduced 

Relative, p. 82.) 

It is worth noting – because it helps to separate the Single Resource account of 

Carpenter and colleagues and the Connectionist account of MacDonald and colleagues – 

that MacDonald and Christiansen (2002) view this finding as a Frequency by Regularity 

interaction that does not require an architectural capacity component. They argue that 

such an interaction would emerge from a connectionist implementation of subject-

relative and object-relative sentences because the former are relatively regular and the 

latter are relatively irregular. Regular structures will be more easily processed by 

readers of all abilities. Irregular structures will be processed more easily only readers 

with comparatively more experience of them – in this case, higher-span readers. This 

position is supported by Roth (1984), who found that children exposed to more relative 

clauses improved their comprehension rates over pretest levels. MacDonald and 

Christiansen went on to replicate King and Just’s findings in a simple recurrent network 

(or SRN; see Elman, 1990). As noted above, Just and Carpenter (1992) modelled the 

findings within the CC-READER framework, but it is difficult to compare the two 

models because no statistics were reported for the CC-READER simulation. 
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MacDonald and Christiansen successfully reproduced on-line processing effects (as 

measured by Grammatical Prediction Error; Christiansen & Chater, 1999a) that arose 

from relative infrequency of the object-relative structure. High span-reading networks 

had a longer exposure to the corpus (a probabilistic context-free grammar) than low 

span-reading networks. The former had more experience of object-relatives – though the 

ratio of subject-relatives to object-relatives was the same for both groups. Thus, a 

Frequency by Regularity interaction, moderated by exposure, can account for the King 

and Just data. Though it has been criticized as representing a subcomponent of sentence 

processing (e.g. ‘at best, the SRN renders a grammaticality judgement’, Just & Varma, 

2002, p. 59), it fair to say that the SRN represents grammatical knowledge of such 

constructions consistent with their resolution by humans, though it may not have the 

tools to apply this knowledge with the same facility. In summary, the King and Just data 

are consistent with the theories of Carpenter and colleagues and MacDonald and 

colleagues. However, without the three-way interaction between span, clause type and 

region, there is scope for a critic to regard the two-way interaction (span and clause 

type) as trivial task-overlap (Waters & Caplan, 1996c). 

Syntactic ambiguity (1): Main-Verb/Reduced Relative 

In a study investigating syntactic modularity, Fereira and Clifton (1986) provided 

participants with a Main Verb/Reduced Relative (MV/RR) ambiguity. They varied two 

cues to disambiguation: a pragmatic cue (evidence or defendant) and a syntactic cue (the 

presence of that was, which indicates a Reduced Relative structure): 

 

(26) The evidence [that was] examined by the lawyer shocked the jury. 
 

(27) The defendant [that was] examined by the lawyer shocked the 
jury. 

 

They found that reduced versions of both (26) and (27) produced a garden-path effect 

around the verb examined. Readers did not capitalize on the pragmatic information 

presented in the first NP – evidence or defendant – that would indicate the most likely 

continuation: animate nouns will suggest the Main Verb interpretation (e.g. The 

defendant examined the evidence before answering), whereas inanimate nouns will 

suggest a Reduced Relative (e.g. (26)).  
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This finding was revisited by Just and Carpenter (1992). They presented participants 

with the same materials (improved so that the grammatical subject could not be 

interpreted as an instrument, as with The car towed...) and the DC RST. Figure 4 

(approximately reproduced from Just and Carpenter) illustrates the comparison between 

Fereira and Clifton’s original study and the replication. It should be noted that Just and 

Carpenter report the data for 80 participants, 40 of which were higher-span readers (DC 

RST score 4 or higher) and 40 who were lower-span readers (DC RST score 2.5 or 

lower). Empirical data in this thesis (e.g. Chapter Four) suggests that the prevalence of 

higher-span readers at British undergraduate level is low. Just and Carpenter used US 

participants, but the reported data are likely to be a subset of a larger sample. This 

underlines the difficulties in obtaining data for an individual difference analysis (see 

3.2.4 Interpreting correlations between resource measures and task measures, p. 61). 

 

 

 
 
First-pass reading times at the by phrase for 
Ferreira & Clifton (1986) ⇒. This was 
replicated and separated for high and lower-
span readers by Just and Carpenter (1992) ⇓. 
High spans demonstrate faster processing in the 
presence of a probabilistic disambiguating cue. 
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Figure 4: Comparing Ferreira & Clifton (1986) with Just & Carpenter (1992) 

(reproduced from Just & Carpenter, 1992) 
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Just and Carpenter found that both higher- and lower-span readers were influenced 

by the syntactic cue (that was) but only higher-span readers used the pragmatic cue 

(lawyer/defendant). From this observation, Just and Carpenter conclude that higher-span 

readers actively employ their extra capacity for extra processing; in this case, they have 

used pragmatic information to reduce processing cost in the disambiguating region. 

However, it may be sensible to recast this conclusion in terms of a differential 

sensitivity to plausibility between higher- and lower-span readers. In a related study, 

MacDonald, Just and Carpenter (1992) set out to examine MV/RR processing without 

such cues. A weighted parallel, multiple-constraint satisfaction account suggests that 

each representation (Main Verb and Reduced Relative) requires activation to maintain 

it; the assigned level corresponds to (i) the frequency of the structure, (ii) its syntactic 

complexity and (iii) its pragmatic plausibility. The number, quality and persistence of 

alternative structures should vary as a function of working memory. An implication of 

this hypothesis is that, while the maintenance of a large number of interpretations will 

avoid the need to ‘backtrack’ when disambiguating information indicates a dispreferred 

analysis, it should also mean that, when disambiguating information indicates a 

preferred analysis, integration of the new material will be slowed by either (i) 

interference from the dispreferred structure or (ii) ‘clean-up’ processes. Lower-span 

readers, who lack this alternative structure in the scenario described, would not 

experience such a large processing cost at the point of disambiguation. 

MacDonald et al. presented participants with MV/RR ambiguities: 

 

(28) The experienced soldiers warned about the dangers before the 
midnight raid. 

 

(29) The experienced soldiers warned about the dangers conducted 
the midnight raid. 

 
 

In both (28) and (29), warned is ambiguous. It might be a main verb (28) or a past 

participle in a reduced relative construction (29). In four self-paced reading experiments 

(plus a meta-analysis of all four), the authors found differences in ambiguity resolution 

by span. Higher-span readers were slower to read the preferred MV-disambiguating 

sentence compared to a MV unambiguous control (where the verb was, for example, 

spoke). This was found in all four experiments and supports the assertion that higher-

span readers’ awareness of an alternative induces a comparative processing cost. Thus, 
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while in the Just and Carpenter (1992) study, the use of probabilistic information by 

higher-span readers to identify an alternative structure turned out to be beneficial, in the 

MacDonald et al. study, higher-span readers’ maintenance of the alternative (in the 

absence of such a probabilistic cue) introduced a processing cost despite the alternative 

being ultimately dispreferred. 

Waters and Caplan (1996a) raise some methodological problems that may undermine 

the conclusions of the MacDonald et al. study, but these are largely inaccurate (see 

MacDonald & Christiansen, 2002 and Just & Varma, 2002). They claim that the effect 

was not statistically reliable over participants, but it was1. They claim that items 

statistics were not reported, but they were2. They suggest that the pattern of results could 

simply be a reflection of different speed-accuracy trade-offs in the higher- and lower-

span groups. This interpretation was tested explicitly by MacDonald et al. (p. 69) and 

rejected because the differences between reading times in the two span groups were 

localized rather than general, which would not be anticipated if reading behaviour was 

strategic. 

Lastly, they comment that there were only six sentences in each condition, and 

participants made comprehension errors on 35%-50% of the ambiguous sentences. 

Thus, reaction times used in the analysis were based on approximately three sentences. 

This is a valid criticism. It was addressed in a follow-up by Pearlmutter and MacDonald 

(1995; see overleaf). In the follow-up, comprehension accuracy ranged from 93% to 

99%. 

Waters and Caplan (1996a) went on to investigate the MV/RR ambiguity of 

MacDonald et al. and failed to replicate it. However, MacDonald et al.’s study was a 

sentence-comprehension task measuring word-by-word reading time, whereas Waters 

and Caplan’s (1996a) study involved acceptability judgements and Rapid Serial Visual 

Presentation (RSVP). In this instance, a null result is not a firm basis for generalization, 

particularly in view of the methodological differences between the two studies. 

                                                 
1 There was an interaction of Ambiguity by Region by Span (F49 4 = 4.49, p < 0.01) in Experiments 1 

(both a and b), an interaction of Ambiguity by Region (F2 28 = 5.31, p < 0.01, where all participants were 
higher-span readers) in Experiment 2 and an interaction of Ambiguity by Span (F 1 36 = 4.09, p < 0.05) 
in Experiment 3. 

2 MacDonald et al. found a reliable Ambiguity by Region interaction for higher-span readers (not reliable 
for lower-span readers) reading an MV-constraining sentences and a similarly reliable interaction for 
higher-span readers (not lower-span readers) for RC-constraining sentences (see also Just, Carpenter & 
Keller, 1996). 
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Pearlmutter and MacDonald returned to the MV/RR ambiguity in order to address 

the second criticism of Waters and Caplan (too few sentences in a given condition), and, 

in addition, examine whether the MV slowdown for higher-span readers might be due to 

differential sensitivities to plausibility rather than the maintenance of multiple 

representations. If this is the case, then MacDonald et al.’s reported slowing in MV-

resolving TA sentences in comparison to unambiguous controls could be caused by a 

general MV-continuation implausibility for that subset. Pearlmutter and MacDonald 

conducted an off-line plausibility study and found such a difference in the MacDonald 

et al. material (Pearlmutter & MacDonald, 1995, p. 524). 

Pearlmutter and MacDonald set out to replicate the MacDonald et al. findings 

without this plausibility confound. Once again, they examined the MV/RR ambiguity, 

although they make a further distinction to identify three alternative interpretations, 

presented in Table 2.  

 

Table 2: Three alternative interpretations at the ambiguous verb for The soup 

cooked... (reproduced from Pearlmutter & MacDonald, 1995, p. 525) 

Verb Interpretation   

Tense 

morphology 

 

Voice 

Argument 

structure 

Sentence 

Interpretation 

 

Example 

Past Active Intransitive MV intransitive The soup cooked in the pot 

but was not ready to eat. 

Past Active Transitive MV transitive The soup cooked the 

vegetables. 

Past participle Passive Transitive RR The soup cooked in the pot 

was delicious. 

 

 

As Table 2 illustrates, the MV/RR ambiguity is primarily determined by the 

interpretation of the verb cooked, which may vary in tense morphology, voice and 

argument structure. The MV intransitive interpretation was the preferred interpretation 

for all ambiguous stimuli sentences (unambiguous controls also had this interpretation, 

but it was constrained by using an intransitive verb like bubbled). The authors note that 

this ambiguity has two disambiguating points, the first partial and the second full: (i) the 

preposition (transitive verbs are generally adjacent to their objects in English), which 
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will rule out the MV-transitive interpretation to leave the MV-intransitive and RR 

(MacDonald, 1994; Trueswell, Tanenhaus & Garnsey, 1994), and (ii) the conjunction 

but and its verb was, which will further eliminate the RR structure to leave MV-

intransitive. Self-paced reading data revealed a significant interaction between span and 

sentence type, both at the preposition and the conjunction+verb. Higher-span readers 

slowed at both points, whereas lower-span readers did not. This replicates the findings 

of the MacDonald et al. (1992) study. It supports the hypothesis that higher-span 

readers maintain three potential solutions. However, it may also be viewed as 

differential constraint-use. 

To investigate the role of such constraints, Pearlmutter and MacDonald examined the 

inter-lexical and syntactic-level plausibility relationships in the MV/RR ambiguity. This 

was a small-scale off-line study in which sentence fragments corresponding to the 

various legal combinations in the three MV/RR structures were rated for plausibility. 

This was combined with the lexical frequency of the base forms of the ambiguous and 

unambiguous verbs. Finally, these data were used to predict the on-line reading times at 

successive words for both higher- and lower-span readers in the previous experiment. 

Reading times at the first preposition in the unambiguous control sentences were 

predicted by plausibility for both lower- and higher-span readers, but higher-span 

readers were influenced by plausibility at both disambiguating points in the ambiguous 

sentences too. Caplan and Waters (2002) raise issue with aspects of the regression, but 

do concede that the data could support a constraint satisfaction framework (p. 69). 

Pearlmutter and MacDonald’s finding is consistent with Just and Carpenter’s (1992) 

conclusion that higher-span readers are sensitive to cues during ambiguity resolution 

that lower-span readers ignore, but contrasts with the same authors’ assertion (Carpenter 

et al., 1994; and similarly Daneman, 1988) that the effects of ‘vocabulary and 

[experiential linguistic] knowledge is not so salient in sentence processing tasks, in 

which the structure and vocabulary are familiar and restricted’ (Carpenter et al., 1994, 

p1110).  

To underline this sensitivity, Pearlmutter and MacDonald conducted a third off-line 

study that was similar to the last. Additionally, however, participants were administered 

the DC RST. In the view of the multiple constraint satisfaction approach, which has a 

connectionist flavour, a participant’s span should vary partly as a function of exposure 

to complex reading materials. This complexity generates a pressure for representations 

that are more efficient. They consume fewer resources or have smaller, simpler 
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geometries in a ‘computational space’. Higher-span readers are then free to derive and 

process secondary information like plausibility. On this extreme view, lower-span 

readers do not encounter sentences of such complexity. Their processing is less 

efficient. They are less able to process or derive plausibility information. On a less 

extreme view, lower-span readers do manage to internalize such information but do not, 

due to working memory constraints, employ it during sentence processing. Pearlmutter 

and MacDonald’s third study found that higher- and lower-span readers performed 

identically in their plausibility ratings. This supports the less extreme view that higher-

span readers and lower-span readers share equal knowledge of these constraints but 

differ in their ability to apply it on-line. A similar pattern was found by Trueswell, 

Sekerina, Hill and Logrip (1999) in children. Ambiguous spoken sentences were 

interpreted using local constraints by five- and eight-year-old children, but only the 

older group used more complex discourse information.  

Before examining more evidence from other ambiguities, it would be useful to 

summarize the last two or three pages. We examined the Just and Carpenter (1992) 

MV/RR study (higher-span readers aided their processing by attending to a cue) and the 

MacDonald et al. (1992) study (higher-span readers were slowed by their maintenance 

of a dispreferred structure). Methodological concerns for the latter study led to its 

modified replication by Pearlmutter and MacDonald (1995). Whereas MacDonald et al. 

concluded – drawing upon Just and Carpenter – that higher-span readers process 

multiple structures in an obligatory fashion, Pearlmutter and MacDonald interpret their 

findings as an increased sensitivity to plausibility in higher-span readers where the 

parser is a serial probabilistic mechanism. That is, higher-span reader reading speed at 

the first verb and the conjunction+verb fits the pattern of plausibility of alternative 

structures (plausibility as a combined measure of ‘plausibility rating’ and lexical 

frequency).  

The balance of empirical findings support the following claims: (i) higher-span 

readers employ more complex plausibility information during ambiguity resolution than 

lower-span readers (Just & Carpenter, 1992; MacDonald et al., 1992; Pearlmutter & 

MacDonald, 1995); (ii) this plausibility is known to both higher-span readers and lower-

span readers but employed by higher-span readers alone (Pearlmutter & MacDonald, 

1995). One reason for this differential use of plausibility is that plausibility is not simple 

lexical frequency but an interaction of lexical frequency and context. Context 

processing is likely to vary with reading experience and, on the Connectionist account, 
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exposure is an important determinant of linguistic representations (MacDonald & 

Christiansen, 2002). Data from the parsing of MV/RR ambiguities supports both the 

Carpenter and colleagues and MacDonald and colleagues accounts because differences 

between higher-span readers and lower-span readers are both on-line and correlated 

with the DC RST. Equally, it is evidence against the SSIR Theory, which claims there 

should not be a correlation between on-line sentence processing and the DC RST. 

The question remains: is this evidence for the role of resources in parsing? It may yet 

be the case that higher-span readers are simply more thorough readers. However, the 

Span by Clause Type by Region interaction (found by MacDonald, Just & Carpenter, 

1992, and Pearlmutter & MacDonald, 1995) is the specific observation that one would 

expect given a limited single resource (or a MCS processor, where this resource is a 

metaphor). It is still not direct evidence of resources in parsing; but it may be the best. 

Syntactic ambiguity (2): Relative clause attachment 

Mendelsohn and Pearlmutter (1999) examined the processing of RC ambiguities with 

the form NP1 PP NP2 RC:  

 

(30) The crowds annoyed the chauffeur of the actor who wanted to go 
home 

 

They counterbalanced the plurality and animacy of both N1 and N2. In their first 

experiment, they varied the role of the preposition of in terms of its relation to N1 and 

N2 (following Gilboy, Sopena, Clifton & Frazier, 1995). A functional/occupational of 

takes the form: chauffeur of the actor, as illustrated in (30), above. A representational of 

takes the form: sketch of the house. Plausibility was controlled. Participants completed 

an off-line free-choice questionnaire (as opposed to the forced-choice questionnaire 

illustrated in (7), p. 29 in this thesis). That is, following each item (e.g. (30)) came the 

question Who wanted to go home? Participants were administered the DC RST and 

classified as higher-span readers (≥ 4) and lower-span readers (< 4). Their results 

indicated that lower-span readers, irrespective of preposition type, preferred to attach 

high (62% N1 attachment; higher-span readers had an unreliable 52% bias). This 

behaviour is the reverse of a Late Closure strategy (which seems to be most common in 

English, see Mitchell & Brysbaert, 1998 and p. 42 in this thesis), which should be 

particularly evident in lower-span readers because they constitute the majority of the 

population (see Daneman & Merikle, 1996). As such, it is surprising (though Clifton 
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has reported a N1 bias in American English for this structure in a personal 

communication to Mitchell, cited in Mitchell & Brysbaert, 1998, p. 329). 

 In a second study, two more prepositional types were introduced: locatives (the store 

near the beach) and with (the dress with the lace). This was introduced because some 

theorists (e.g. Frazier & Clifton, 1996) argue that variability in RC attachment is due to 

the function of the preposition either as an argument (the two types of of in Experiment 

1) or as an adjunct (locatives and with). Thus, locative- and with-prepositions should 

show similar biases. Again, N1 and N2 attachments were controlled for plausibility. 

Mendelsohn and Pearlmutter replicated the findings of their first experiment, which 

examined functional and representational ofs. However, locative prepositions tended to 

be attached high by higher-span readers and lower-span readers, whereas the with 

preposition introduced a tendency to attach low in both groups. Just as this provides 

evidence against the Construal account (locatives and with prepositions should produce 

similar biases), Predicate Proximity, Tuning and Parameterized Head Attachment 

(because the last three do not speak to such lexical biases without modification), it also 

highlights a difference in syntactic processing between higher-span readers and lower-

span readers. The authors speculate that higher-span readers’ non-preference in the 

functional of condition may be explained by their awareness that, in the N1 case, there 

is another (unambiguous) genitive form (e.g. the actor’s chauffeur) available. This 

awareness of an alternative fits with the Just and Carpenter (1992) interpretation of the 

King and Just (1991) findings. 

However, there are two issues associated with these findings: (i) in all cases, lower-

span readers preferred high attachment, which runs counter to the N2 tendency that is 

normally found in English speakers and (ii) the data are off-line, which may indicate 

that the data do not reflect initial parsing decisions. Despite these concerns, the study 

supports the idea of individual parsing differences related to span, and, as such, it is 

consistent with the theories of Carpenter and colleagues and MacDonald and colleagues. 

Syntactic Ambiguity (3): Comparing primary and non-primary relations 

Garcia-Orza and Rodriguez (1999) examined developmental and reading span 

differences in the processing of primary and non-primary relations. This distinction is 

made by Construal theory (as a mechanism to explain cross-linguistic differences; see p. 

43). A primary structure takes this form: 
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(31) Juan saw Paco running in the park. 
 

A non-primary relation structure takes the form: 

 

(32) Someone shot the servant of the actress who was on the balcony. 

 

In both (31) and (32), the relational judgement concerns the attachment of the terminal 

clause (running in the park, who was on the balcony) with either of the first two NPs 

(Juan and Paco, servant and actress). For Construal, primary-relations are computed 

within a syntactic module and non-primary relations computed elsewhere (Frazier & 

Clifton, 1996). In the example of a primary relation (31), attachment of the ambiguous 

constituent (running in the park) is computed on the basis of the verb’s (saw) properties. 

In the non-primary example (32), the attachment of decision for who was on the balcony 

is influenced by discourse, semantic and syntactic factors. Garcia-Orza and Rodriguez 

hypothesized that working memory capacity will develop with age (supported by 

studies in the meta-analysis by Daneman and Merikle, 1996). Younger children will 

have smaller capacities and older children larger. A failure to process the structure 

would result in random attachment behaviour for the relational clause. As reading span 

increases with age, children should begin to process the ambiguity in a fashion 

congruent with the least demanding interpretation – Late Closure in both cases. Garcia-

Orza and Rodriguez examined groups of Spanish schoolchildren aged seven, nine and 

twelve. He administered a Spanish version of the DC RST, a tick-box questionnaire and 

a test of general verbal ability (the WISC-R vocabulary test). Garcia-Orza and 

Rodriguez found a significant linear relationship between the DC RST and non-primary 

attachment preference, but no relationship between span and primary attachment 

preference. For non-primary relations, attachment bias shifted from marginal (and 

counter-intuitive) N2 preference (54%) to strong N2 preference (63%) as span increased 

from low to high. This study is consistent with single resource accounts because of the 

relationship between the DC RST and attachment decision. However, it is not 

inconsistent with SSIR Theory if the SSIR theorists claim that non-primary relations are 

handled by nonpsycholinguistic processes. 
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3.3.5 Dealing with the evidence 

To conclude this review of resources in (a) aspects of language processing and (b) 

parsing in particular, we will briefly return to the resource theories outlined in 3.2.2 

Resource theories (p. 56) and re-examine each in light of current evidence. 

Carpenter, Daneman, Just, Varma and colleagues: Single resource theory 

The theory of Carpenter and colleagues, an interactionist, symbolic account, is 

consistent with studies of lexical ambiguity, centre-embedded sentence processing, 

main-verb/reduced relative ambiguity processing, and relative clause attachment: it 

hypothesizes that the DC RST processing-and-storage task taps the same resources as 

those used in primary sentence interpretation. Where those resources vary with the DC 

RST score, these researchers expect a corresponding variability in the resources 

available for primary sentence interpretation. The best evidence for this hypothesis 

comes from the three-way Span by Clause Type by Region interaction reported by 

MacDonald, Just and Carpenter (1992) and Pearlmutter and MacDonald (1995), which 

pinpoints the influence of processing load. Though Waters and Caplan (1996a) failed to 

replicate this finding, they applied rather different methodological techniques (see p. 86 

in this thesis). 

It should also be noted that CC-READER, a detailed implementation of this 

hypothesis, has successfully modelled all of the findings presented by Carpenter and 

colleagues by assuming multiple syntactic representations in higher-span readers. It has 

also launched similar models. For example, a successor architecture to the 3CAPS 

framework maps sentence comprehension onto cortical function (Cortical Capacity-

Constrained Collaborative Activation-Based Production System, or 4CAPS). Results 

from an fMRI study (Just, Carpenter, Keller, Eddy & Thulborn, 1996) are consistent 

with the prediction that more brain activation would be associated with object-relative 

sentences than subject-relative sentences. There are also a number of 3CAPS models 

that address various levels of comprehension (Goldman & Varma, 1995; Haarmann, 

Just & Carpenter, 1997; Thibadeau, Just & Carpenter, 1982; Varma & Goldman, 1996).  

One of the theoretical weaknesses of the approach is that, although experience is 

seen to have a role in processing, and is acknowledged as a factor in comprehension, the 

CC-READER model does not incorporate any learning mechanism. Thus, for Just and 

colleagues, the role of experience, though a component of their verbal description (see 
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Just & Varma, 2002, p. 56), is unspecified in CC-READER1. This contrasts with the 

connectionist approach.  

Within the realm of a single resource, research on stragetic resource allocation (e.g. 

Vos, Gunter, Schriefers & Friederici, 2001; Friedirici, Steinhauer, Mecklinger & Meyer, 

1998) proposes that reading differences between higher- and lower-span readers may lie 

with differences in reading strategy. Friedirici et al.’s ERP study, for example, 

compared subject-relative and objective-relative sentences that were disambiguated late, 

earlier or immediately. The only significant effect of span was shown in late-

disambiguating object-relatives. The authors interpret this as higher-span readers 

committing to a single analysis (subject-relatives) and having to recompute (to an 

object-relative structure), whereas lower-span readers maintain multiple representations 

and experience less recomputation cost. While strategic resource allocation may prove a 

worthwhile addition to the single resource account (see Vos et al., 2001), current 

evidence for the use of strategies remains unconvincing (for example, a number of 

studies suggest that higher-span readers processs multiple information sources, not 

commit to single analyses; see 3.3.3 The role of reading span in discourse processing, p. 

74). Additionally, it is unclear how one may predict reading strategy (so far, suggestions 

have been limited to post hoc examinations of materials and their fillers; e.g. Vos et al., 

2001). 

Waters, Caplan and colleagues: Separate sentence interpretation resource theory 

The modular, symbolic account of Waters and colleagues predicts that the processes 

measured by the DC RST have no relationship with syntactic processing because the 

latter takes place within the primary psycholinguistic module while the former employs 

a nonpsycholinguistic module (or modules). Waters and colleagues have been 

successful in raising concerns with studies that attempt to document this relationship 

(e.g. King & Just, 1991); for example, they highlight the importance of the Span by 

Clause Type by Region interaction (Waters & Caplan, 1996b, c; 2001; Caplan & 

Waters, 2002).  

However, their own theory has shortcomings. Firstly, the partition of unconscious 

(interpretive) processing and conscious (postinterpretive) processing renders the account 

                                                 
1 Just and Carpenter (1992) note that CC-READER does incorporate lexical frequency information (the 

higher the frequency, the faster the activation). However, this information does not vary between higher- 
and lower-span readers. 
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vulnerable to Navon’s (1984) vacuity objection. That is, Waters and colleagues have yet 

to indicate ‘the boundaries and nature of the on-line language comprehension process’ 

(Waters & Caplan, 1996a). Evidence for pragmatic expectations (Trueswell et al., 1994) 

and lexical effects in on-line processing (MacDonald, Pearlmutter & Seidenberg, 1994) 

are problematic for SSIR Theory. Waters and Caplan go on to say that ‘even if the 

language-processing system is not encapsulated with respect to its input, it may be 

domain-specific in terms of its output’ (p. 770). As Just et al. noted, if a module 

processes ‘psycholinguistic’ and ‘nonpsycholinguistic’ information together, its status 

as an encapsulated process must be questioned. 

In addition to their criticisms of the two other approaches, Waters, Caplan and 

colleagues offer neuropsychological evidence of dissociations together with studies that 

do not find span effects. For example, patients exist who have extremely limited verbal 

short-term memory spans but retain the ability to use complex forms of syntax (e.g. 

Martin, 1993). However, this may be a limitation of the STS phonological loop, not the 

CE itself (Waters & Caplan, 1996c). Negative evidence for SSIR Theory comes from 

Kane, Conway and Engle (1999). They administered a battery of working memory tasks 

that measure both processing and memory. They tested alphabet span, backward digit 

span, missing digit span, subtract-2 span, running item span and the WC Reading Span 

Test. While reading span correlated highest (but insignificantly) with measures of on-

line processing efficiency, none of the working memory tasks showed a significant 

relationship with reading comprehension.  

Another aspect of their theory that has been subject to some criticism (e.g. Just & 

Varma, 2002) is the conscious-unconscious distinction between postinterpretive and 

interpretive processing. This may be a misleading dichotomy because aspects of 

language behaviour seem to fall along a continuum of conscious-unconscious 

processing (Just et al., 1996). 

MacDonald, Pearlmutter, Christiansen and colleagues: A connectionist account 

In common with theory of Carpenter and colleagues, the interactionist, non-symbolic 

Connectionist account is largely consistent with the evidence presented so far. However, 

it has some aspects that may be regarded as improvements upon the former. For 

example, Daneman and Carpenter’s (1980) original verbal description of improved 

efficiency with exposure, while consistent with the connectionist claims, includes a 

prediction (e.g. Daneman, 1988) that vocabulary size will be an important predictor of 
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exposure, but this has difficulty with evidence that working memory resources may 

influence processing of sentences where structure and vocabulary are familiar and 

restricted. This particular claim is realized more readily by the Connectionist Theory, 

specifically through the Frequency by Context interaction. 

MacDonald and Christiansen (2002) interpret correlations between working memory 

resources and language processing as reflective of common connectionist networks that 

underpin them all. On this account, reading span, like any other language task, will 

correlate with reading because they both require similar mechanisms. However, this 

position is not obviously compatible with the correlation between the DC RST and 

grossly-similar symbolic working memory tasks (such as the math-processing plus 

storage tasks) as reported by Daneman and Merikle’s (1996) in their meta-analysis. A 

recent study by Roberts and Gibson (2002) also indicated that, though an N-back task 

and a variant of the DC RST both correlated with a measure of sentence complexity 

comprehension, the N-back task and the DC RST did not correlate with one another. 

These findings are more consistent with the symbolic resource theories.  

One key aspect of the connectionist approach is the importance of phonological 

representations in sentence processing. MacDonald and Christiansen (2002) argue that 

studies of extrinsic memory load are, in fact, studies of phonological interference (cf. 

Navon’s, 1984, comments on capacity, p. 60). However, other researchers have 

expressed doubt that phonological representations are as crucial to sentence 

comprehension as the authors suggest. Caplan and Waters (2002), who are thorough on 

these matters, examined the studies that MacDonald and Christiansen cited in support of 

their phonological interference hypothesis: the studies make a good case for the 

existence of phonological codes in lexical access (e.g. Pollatsek, Lesch, Morris & 

Rayner, 1992) but not syntactic processing.  
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3.5 Conclusions and unanswered questions 
In this chapter, a variety of theoretical issues were presented together with their 

empirical support. Parsing theories generally make a case for the role of working 

memory in parsing. Evidence is consistent with the notion that working memory may 

vary between individuals. This, in turn, should lead to differences in the parsing process 

itself. However, the evidence is indicative but not conclusive. As Navon noted (1984), 

while capacity is a useful metaphor, it is inherently difficult to falsify. 

With the increase of intrinsic memory load (due to increases in syntactic complexity 

and ambiguity, or text distance, or extrinsic memory load), or temporal restrictions 

(rapid presentation rates), general comprehension speed and accuracy decline. Further 

evidence suggests (particularly a three-way interaction between span, clause type and 

sentence region) that the DC RST may be associated with on-line parsing differences. 

This evidence is most consistent with unified resource accounts (where all aspects of 

processing and storage share the Central Executive). 

3.5.1 Unanswered questions 

Controversies remain in the literature. Some are difficult to address, such as the status of 

the DC RST as a good measure of the resources used in initial parsing. Another, which 

concerns whether there are genuine differences between higher- and lower-span readers 

in initial processing, may be addressed by finding a more robust effect than the transient 

one reported for the MV-RR ambiguity (MacDonald, Just & Carpenter, 1992, found a 

Span by Clause Type by Region interaction for this ambiguity, but Waters & Caplan, 

1996a, failed to replicate it). For this reason, it would be useful to begin with a more 

exploratory study, where a number of variables may be measured to see if they relate to 

the DC RST in some way – that is, identify ways in which higher- and lower-span 

readers may vary in their reading strategies. If they do vary, this may be investigated 

more rigorously in future studies. 

The MV-RR ambiguity is temporarily ambiguous. For an exploratory study that 

involves an off-line questionnaire (see p. 29 for more on the applicability of off-line 

questionnaires in such studies), the NP-NP-RC attachment ambiguity provides an ideal 

case: it has already been shown to reflect individual differences in parsing (Corley, 

1995; Fernandez, 1998; Mendelsohn & Pearlmutter, 1999; Garzia-Orza & Rodrigruez, 
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1999). And, though the shortcomings of the DC RST have already been outlined, we 

will use this test because it is the standard measure of reading span. 
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CHAPTER FOUR: EXPLORING RESOURCES IN RC-ATTACHMENT 

EXPLORING RESOURCES IN RC 
ATTACHMENT 

Abstract 
An exploratory study used a forced-choice questionnaire to examine the relationship 

between off-line attachment preferences in a globally ambiguous NP1-NP2-RC 

ambiguity and reading span. The ambiguity was manipulated in three ways: (i) the 

semantic relationship – termed sentence type – between NP1 and NP2 (kin relation, 

alienable/possessive, representational and possession/inanimate; after Gilboy, Sopena, 

Clifton & Frazier, 1995); (ii) presence of absence of an adjecitval modifier within NP1 

or NP2; (iii) type of determiner (a or the) within NP1 and NP2. Reading span was 

assessed using the Daneman and Carpenter (1980) reading span test (DC RST). 

Attachment preferences were scored as NP1 bias. An items analysis indicated reliable 

individual differences in RC attachment for three of the four experimental 

questionnaires. There was a general Late Closure effect. An overall effect of sentence 

type was also found: the lowest NP1 preference was found for kin relation, then 

possession/inanimate, then representational, then alienable/possessive. There was also 

an interaction between reading span and sentence type, but an analysis of means did not 

provide a clear indication of an underlying component. A main effect of modifier was 

found, but, again, its direction was unclear; NP1 bias was higher when both sites were 

unmodified. There was no interaction between modifier and span. There was no main 

effect of determiner and no interaction between determiner and reading span. The 

results show that the DC RST is related to individual differences in RC attachment, but 

the data do not present a coherent picture of the role of resources. Methodological 

concerns with the DC RST are discussed.  
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4.1 Introduction 
The aim of the study presented in this chapter is to identify relationships between the 

DC RST and processing in the RC-ambiguity. 

We will begin with a précis of previous studies of individual differences in RC-

attachment. The findings of Corley (1995) were presented at the end of Chapter Two, 

but we will reprise them briefly here. He presented participants with an off-line 

sentence-completion questionnaire that contained relative clause attachment ambiguities 

(counterbalanced for plurality), such as: 

 

(33) The court heard about the investigator(s) of the murder(s). . . 
 

Participants were required to provide a plausible continuation for the fragment; their 

choice of relative pronoun revealed their attachment choice as N1 (investigators) or N2 

(murders). Three weeks later, he presented the same participants with sentences that 

were identical but for the ordering of N1 and N2: 

 

(34) The court heard about the murder(s) of the investigator(s). . . 
 

He found a strong individual preference for a high or low attachment continuations 

that did not vary despite swapping the positions of N1 and N2: r 50 = 0.799, p. < 0.001. 

This, together with the wealth of evidence of cross-linguistic variation in RC-attachment 

(e.g. Cuetos & Mitchell, 1988; Mitchell & Cuetos, 1991a,b), suggests that RC-

attachment would be a good place to look for individual differences. 

RC-attachment and reading span were examined in another off-line study by 

Mendelsohn and Pearlmutter (1999). Their study was described on page 89. We will 

briefly describe their main findings once more: (i) low-span readers tended to attached 

high; (ii) there was no span difference in the processing of functional and 

representational of prepositions1; (iii) lower-span readers and high-span readers 

preferred to attach high in the presence of locative prepositions (e.g. near); (iv) both 

groups preferred to attach low with the preposition with. The present study may 

illuminate these findings. Firstly, lower-span readers generally attached to N1, which 

                                                 
1 A functional/occupational of links two nouns that share a occupational relationship, e.g. chauffeur of the 

actor. A representational of links two nouns where the first noun is a physical representation of the 
second, e.g. sketch of the house (see Mendelsohn & Pearlmutter, 1999). 
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stands in contrast to the Late Closure tendency in English (e.g. Cuetos & Mitchell, 

1988; recall that lower-span readers should constitute the majority of the general 

population). Garcia-Orza and Rodriguez’s (1999) study indicated that lower-span 

readers had a marginal N2 preference and higher-span readers a strong N2 preference. 

Secondly, the absence of a higher-span reader preference for the of prepositions 

(compared with a N1 bias for lower-span readers) may indicate the use of plausibility 

information: there is an unambiguous N1-constraining Saxon genitive structure 

(because this structure is not used, it makes an N1 reading implausible). 

The present study was exploratory in nature. A globally-ambiguous RC-attachment 

structure was varied in four ways depending on the relationship of NP1 and NP2. These 

relationships were chosen arbitrarily from a published paper (Gilboy, Sopena, Clifton & 

Frazier, 1995). The paper was not directly related to reading span. Lexical 

classifications and examples are given in Table 3. 

 

Table 3: N1-N2 relationships with Examples 

Sentence type Example 

kin relation Andres had dinner with the niece of a doorman who we met last 

summer. 

alienable/possessive The inspector observed the suitcase of the traveller that was in the 

station. 

highly visual The designer agreed to show us the sketch of the house that he 

should finish before the end of the summer 

possession/inanimate The tourists admired the museum of the city that they visited in 

August. 

 

 

The first type is termed kin relation because NP1 and NP2 are familial. The 

remaining three types are: alienable/possessive, where NP1 and NP2 have either a 

possessive or an alienable relationship; highly visual, where NP1 is representational of 

NP2, just as a drawing of a house represents a house; and possession/inanimate, where 

NP1 is possessed by NP2 and both are inanimate objects. It is worth noting that each 

structure may be expressed as a Saxon genitive to unambiguously indicate N1 

attachment, though some more readily than others: doorman’s niece, traveller’s 

suitcase, house’s sketch, city’s museum. If higher-span readers do indeed construct 
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multiple representations (Just & Carpenter, 1992), their awareness of this unused 

alternative should lead them to favour N2 because the writer has seemingly avoided an 

N1-attaching continuation (Mendelsohn & Pearlmutter, 1999). However, lower-span 

readers should also favour N2 as a consequence of the general Late Closure tendency in 

English, so we do not need to concern ourselves with these alternatives in the present 

study. This first manipulation will hereafter be termed sentence type. It is intended that 

variations in these lexical items will influence the plausibility of the two structures.  

In keeping with the exploratory nature of this experiment, two further manipulations 

were introduced, determiner type and modifier type respectively: (i) For the kin relation 

structures, four variants were derived that took the following form: with the/a niece of 

the/a doorman; (ii) For the other three structures, plausible modifiers were introduced 

with this form: e.g. the [suspicious/] suitcase of the [suspicious/] traveller that was in 

the station. This modification was introduced to elicit a difference between higher-span 

readers and lower-span readers by varying cues that may relate to the plausibility of the 

two structures.  

The present study is two-tailed; it aims to identify an interaction between attachment 

and reading span, whether this is structural or related to sentence type, determiner type 

or modifier type. It should be noted that this interaction is unlikely to demarcate 

between the theories of Carpenter and colleagues and MacDonald and colleagues, 

though it would be inconsistent with SSIR Theory. However, it should also be noted 

that a null result would not necessarily speak against the unified resource accounts. It 

may be the case that an RC ambiguity is not sufficiently demanding for differences in 

working memory constraints to emerge. Additionally, an off-line study may not tap on-

line processes (in an off-line pencil-and-paper plausibility task, Pearlmutter & 

MacDonald, 1995, found that all readers, including lower-span readers, were sensitive 

to subtle plausibility information). However, where an interaction between plausibility 

and span is found, this may be seen as consistent with a role for reading span in RC 

attachment. It may suggest hypotheses for future studies.  
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4.2 Method 

4.2.1 Participants 

Thirty (30) participants were recruited from the university undergraduate population and 

an opportunity sample of the adult population. Only native speakers of International 

English were recruited. 

4.2.2 Procedure 

Participants were administered the Daneman and Carpenter (1980) reading span test 

(DC RST1) followed by an off-line questionnaire containing a mixture of filler sentences 

and RC ambiguities. The instructions and materials for the DC RST can be found in 

Appendix Four. 

The Reading Span Test 

The test was computer-based. Stimulus sentences were presented on a Pico Consul 982 

laptop computer with a 600x800 LCD screen running E-Prime (2000) on Windows Me. 

Test instructions were presented on-screen, as were the sentences. All text was 

presented in 24-point black text on a white background. 

Participants read aloud a series of sentences at their own pace. They were required to 

recall the last word of each sentence and, at the end of the current block of sentences 

(indicated by an asterisk), repeat them aloud2. Sentences were presented blocks of two, 

three, four, five and six sentences in that order. The number of sentences corresponds to 

a level of difficulty. For each level, a participant was presented with three blocks.  

Before starting the experiment proper, three blocks of two-sentence practice trials 

were given. These could be repeated if necessary. There were 60 unrelated sentences in 

all, which were 13 to 16 words in length and terminated by a different word each time. 

The following two sentence examples constitute one block at the two-sentence level: 

 

                                                 
1 Kindly made available by Meredyth Daneman. 
2 It is typically the case that participants are asked to write their responses on paper. In this experiment, 

the instructions required participants to respond verbally. The modification should help counter the 
effects of writing fluency (which may be influenced by, for example, spelling fluency). 
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(35) When at last his eyes opened, there was no gleam of triumph, no 
shade of anger. 

 
(36) The taxi turned up Michigan Avenue where they had a clear view 

of the lake. 
 

After the second sentence, the participant would see an asterisk. This signals the end 

of the block. If the participant says anger and lake, then they have successfully passed 

the block. If the participant passes two or all three of the blocks at a particular level 

(two, three, four, five or six sentences), then they achieve a span score of 2, 3, 4, 5 or 6 

respectively. If a participant fails all three blocks at a given level, the test is terminated.  

Prior to the test, the participant was warned that the number of sentences would 

increase. Additionally, they were asked to avoid mnemonic encoding of sentence-final 

words. 

Participants pressed a spacebar to move from one sentence to the next.  

Off-line Questionnaire 

Stimulus sentences were presented in the form of an off-line questionnaire (see 

Appendix One for the materials and an example questionnaire). Written instructions 

explicitly requested participants to indicate their initial choice (i.e. avoid ‘second 

thoughts’). Items were followed with two boxes to indicate preferred choice of RC 

attachment. The order of the choices was counterbalanced. For example: 

 

(37) Andres had dinner with the niece of a doorman who we met last 
summer 

 
We met _____ last summer  The doorman  

 
        The niece 

 

For each N1-N2 relationship type, six example sentences were selected from the 

appendix of Gilboy, Sopena, Clifton and Frazier (1995). This gave 24 experimental 

items, which were supplemented with 36 ambiguous filler items from other 

experiments. To implement the modifier manipulation outlined at the end of the 

introduction, four versions of each experimental item were introduced. See Table 3, 

below. 
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Table 3: Materials by Condition 

Tickbox 

Choice 

Modifier Determiner Example (Alienable/Possesive Item 6) 

Forward At NP1 A,A I had to borrow a new computer of a 
secretary that was in the office close to 
mine. 
 

Reverse At NP2 THE,THE I had to borrow the computer of the 
new secretary that was in the office 
close to mine. 
 

Forward Both A,THE I had to borrow a new computer of the 
new secretary that was in the office 
close to mine. 
 

Reverse Neither THE, A I had to borrow the computer of a 
secretary that was in the office close to 
mine. 

 

 

 Four questionnaires were produced that contained variants of each experimental 

item according to a Latin square design. Each questionnaire variant was randomized. A 

participant received only one questionnaire, which was picked at random from the four 

variants. 
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4.3 Results 
Reading Span 

For the 30 participants, span varied from 2 to 6 with a mean of 2.8 (SD = 1.09). The 

distribution is plotted in Figure 5. In our sample, there is a large number of lower-span 

readers. This is a common finding (cf. Daneman & Merikle, 1996). 
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Figure 5: Distribution of Reading Span 

 

Individual differences in attachment preference 

In order to investigate the relationship between reading span and individual differences 

in attachment preference, it is necessary to identify those individual differences. A non-

standard materials analysis ANOVA was performed with Materials (questionnaire item; 

24 in total) as a random factor and Participant as a fixed, repeated factor. The dependent 

measure was a binary score indicating attachment preference (1 for high, 2 for low). As 

outlined by Brysbaert and Mitchell (1996), a significant effect of Participant would 

indicate stable individual differences in attachment preference. One such ANOVA was 

performed for each questionnaire: questionnaire 1: F 8, 184 = 3.8, p < 0.001; 

questionnaire 2: F 7, 161 = 1.87, p > 0.05; questionnaire 3: F 5, 115 = 6.18, p < 0.001. 

questionnaire 4: F 6, 138 = 2.9, p < 0.05. All but one questionnaire contain stable 

individual differences in attachment preference. 

An overall effect of Late Closure (mean NP1 bias 46%) was confirmed by a single-

sample T-test: T 29 = 2.24, p < 0.05. 
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Span and attachment preference for sentence type 

To examine the contribution of span1, questionnaire version, and sentence type, an 

ANOVA was performed. A main effect of sentence type was found (F 3, 54 = 8.246, p < 

0.01) as well as a marginal interaction between sentence type and span (F 9, 54 = 2, p = 

0.056; see Figure 6 and Figure 7, below). There was no interaction between sentence 

type and questionnaire (F 9, 54 = 1.19, p > 0.05), and no overall three-way interaction (F 

15, 54 = 1.1, p > 0.05). Additionally, there was no main effect of span (F 3, 18 = 0.65, p > 

0.05) or questionnaire (F 3, 18 = 0.85, p > 0.05) and no interaction between the two (F 5, 

18 = 0.64, p > 0.05). Figure 6 shows the main effect of sentence type. A post hoc 

contrast was performed. This involved multiple paired T-tests, not an ANOVA, because 

of the difficulty associated with estimating the alpha for a post hoc repeated factor. One 

limitation of multiple T-tests is that one level of the sentence type factor cannot be 

compared with groups of other levels. None of the T-tests was significant before a 

Bonferroni correction was applied. It may be the case, then, that the main effect of 

sentence type is due to differences between multiple levels.  

                                                 
1 Note that the group sizes for span are 15, 10, 3 and 2 for span levels 2, 3, 4 and 6, which may appear to 

violate the assumption of equal group sizes for the ANOVA (Howell, 1997). However, if, in general, 
‘the populations are similar in shape...and if the largest variance is no more than four times the smallest, 
the analysis of variance is most likely to be valid’ (Howell, 1997, p. 321). The largest variance is 7357 
and the smallest is 2500. 7357 divided by 2500 is 2.94, which passes Howell’s rule of thumb. This test 
was also passed by the data for the span by modifier ANOVA. 
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Figure 6: Main effect of sentence type 
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Figure 7: Interaction between sentence type and span 

 

The correlation between span and NP1 bias for each sentence type was also 

investigated. The results are presented in Table 4. 
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Table 4: Correlation of span with %NP1 Preference (by Linguistic Type) 

 r 19 p 

Overall -0.123 NS 

kin relation -0.13 NS 

possession/inanimate 0.01 NS 

highly visual 0.0001 NS 

alienable/possessive 0.38 p < 0.05 

 

The correlations suggest that span interacts significantly with one sentence type: 

alienable/possessive. (The correlation of reading span with %NP1 attachment for ‘kin’ 

(r 29 = -0.13 was significantly different, p < 0.05, from that of reading span with %NP1 

for alienable/possessive r 29 = 0.38). Because span is scored 2-6 and preference 0-100% 

in terms of NP1 bias, this correlation may be understood as representing an increased 

tendency towards NP1 as span increases. 

Span and the influence of determiner type and position 

An ANOVA was performed with span as a between-subjects factor and determiner 

(the/a niece of the/a doorman) as a within-subjects factor. The dependent variable was 

percentage NP1 bias for items that varied in determiner position and number. There was 

no main effect of span (F 3, 78 = 0.76, p > 0.05) or determiner (F 9, 78 = 0.4, p > 0.05), 

and no interaction between the two (F 3, 26 = 0.28, p > 0.05). 

Span and the influence of modifier type and position 

A similar ANOVA examined span and modifier (the [suspicious/] suitcase of the 

[suspicious/] traveller) was performed on items where modifier position and presence 

were manipulated. There was a main effect of modifier (F 3, 78 = 6.2, p < 0.01) and an 

almost significant interaction of modifier and span (F 9, 78 = 1.9, p = 0.067), but no main 

effect of span (F 1, 26 = 0.57, p > 0.05). The means of the main effect are shown in 

Figure 8 and the means for interaction in Figure 9 (no conditions were significantly 

different from 50%). 
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Figure 8: Means for the main effect of modifier 
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Figure 9: Means for the (non-significant) interaction of span and modifier 

 

Further Analyses 

The negative correlation between span and the alienable/possessive type illustrated in 

Table 4 suggests further analysis. 

The ambiguity takes this form: 

 

(38) The dressmaker was sewing the dress of the girl that was on the 
floor. 
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This may be compared with the following examples from kin relation (39), 

possession/inanimate (40) and highly visual (41). 

 

(39) The journalist had interviewed a daughter of a colonel who had 
been in an accident. 

 
(40) The governor bought some books for the library of the elementary 

school that had just been built. 
 

(41) The architect exhibited the drawing of the plain building that his 
client had commissioned. 

 

The alienable/possessive ambiguity differs from the other types in terms of a lexical 

cue. The animacy property of the relative pronoun (RP) has been shown to influence RC 

attachment preference (Cuetos & Mitchell, 1988), and, in the Dutch corpus study in 

Chapter Two, was identified as a bias in RC attachment (Desmet, Brysbaert & Da 

Baecke, 2002). Specifically, the RP that tends to be associated with inaminate NPs and 

the RP who with animate NPs. Whereas (6), (7) and (8) contained relative pronouns 

(RPs) that are in agreement with both NP1 and NP2 (e.g., in (6), daughter. . .colonel 

who, and (7) books. . .library that), the alienable/possessive sentences systematically 

violated this agreement.  

To test for a difference in sensitivity to this plausibility, the following assumptions 

were made: (i) without systematic lexical biases, attachment preference should follow 

the tendency of Late Closure in English (e.g. Cuetos & Mitchell, 1988); (ii) therefore, 

sentences that show a tendency counter to Late Closure should be sentences with greater 

lexical biases – where there is a ‘push’ towards NP1. For analytical purposes we will 

not define a push towards NP1 in terms of its features (i.e. whether or not NP2 has an 

infelicitous relationship with the RP) but the degree to which a push away from Late 

Closure actually occurs. A reading span effect should, therefore, become more 

pronounced with sentences that have a relatively high NP1 preference because these are 

sentences where higher-span readers are likely to be pushed. We can use the correlation 

of span with NP1 preference as a measure of ‘reading span effect’ in individual 

sentences. Two analyses are reported. The first examines each sentence in the 

experiment (any of the 24 sentence had modifier- or determiner-manipulated variants). 

Thus, NP1 bias for each of the 86 sentences (of all 96 variants, 13 correlations could not 

be computed) was regressed against the correlation with span for that particular item. 

The plot is presented in Figure 10. The regression line (not shown) accounts for less 
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than 1.4% of the variability (F 1, 83 = 2.2, p > 0.05). A second analysis examined the 

same relationship with items collapsed across modifier and determiner conditions 

(yielding 24 items). The plot and regression line is shown in Figure 11. For this 

relationship, R2adj = 0.12, F 1, 23 = 3, p > 0.05. Thus, both of these analyses indicate no 

relationship between ‘pushiness’ (high NP1 bias) and reading span. This shows that 

reading span is generally not associated with an NP1 bias: if the sentences do contain 

some kind of cue that changes attachment preference, reading span is unrelated to it. 
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Figure 10: Plotting NP1 bias for each experimental item (83 of 96 items) against 

correlation with span for that item 
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Figure 11: Plotting NP1 bias for each experimental item (collapsed across 

questionnaires; 24 items in total) against correlation with span for that item 
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4.4 Discussion 

Aims and Findings 

This exploratory study examined off-line attachment preferences in the RC-attachment 

ambiguities. The potential host sites, NP1 and NP2, were manipulated in terms of 

sentence type (kin relation, alienable/possessive, highly visual and 

possession/inanimate), modifier (modifier/no modifier-N1 modifier/no modifier N2), 

determiner (a/the-N1 a/the N2). Participants’ reading spans were measured used the DC 

RST. A relationship between span and attachment would be consistent with both the 

Carpenter and colleagues and MacDonald and colleagues accounts of resources in 

parsing, while providing evidence against the claim of SSIR Theory that there is no 

such relationship. If a relationship was found, an examination might provide evidence to 

demarcate between the former two accounts: the theory of Carpenter and colleagues 

favours multiple representations in higher-span readers, Connectionist Theory favours a 

greater sensitivity to plausibility constraints in higher-span readers. 

There was an overall effect of Late Closure (mean NP1 bias 46%; t 29 = 2.24, p < 

0.05). A main effect of sentence type was found (F 3, 54 = 8.25, p < 0.01), which 

indicates that attachment preference was influenced by the lexical relationship between 

NP1 and NP2 for all readers. There was an interaction between sentence type and span 

score (F 9, 54 = 2, p = 0.056). This indicates that readers responded to NP1-NP2 

relationship in a manner that varies reliably with their span. However, when this 

relationship is plotted (Figure 6), there does not appear to be a ready explanation for the 

influence of span. 

The presence and position of a definite determiner (the) at each host site was varied. 

However, this had no reliable influence on attachment preference. Neither did span have 

an influence on preference for these items. There was no interaction between the two. 

Thus, this attempt at introducing a cue to influence the plausibility of an attachment did 

not work. This finding can be interpreted in three ways: (i) there is no such plausibility 

relationship between the determiner in NPs and their RC; (ii) there is such a 

relationship, but higher-span readers and lower-span readers could detect and employ it 

with equal facility in an off-line task (as was found by Pearlmutter & MacDonald, 
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1995); (ii) there is such a relationship, higher-span readers identify it and lower-span 

readers do not, but the present study lacked the statistical power to undercover it. 

This study also examined the presence and position of a modifier, in the form of an 

adjective adjacent to the NPs. A tentative hypothesis was that the presence of a modifier 

will increase the salience of the element it points to. As a working hypothesis, sentences 

with a modifier within NP1 will increase NP1 bias and a modifier within NP2 will 

decrease it. A modifier at each site, or no modifier at either, should not influence the 

bias. A resource theory could predict differences in either direction, or no differences at 

all, but this is an exploratory study designed to identify effects in the first instance. A 

main effect of modifier was found (its direction is unclear: simply NP1 bias is higher 

when there are both sites are unmodified), but it had no interaction with span, which 

suggests that all readers are influenced in much the same way. However, the influence 

of modifier, when plotted (Figure 9), does not fit with the tentative hypothesis above; it 

has no discernible pattern. 

Span score was found to correlate with NP1 preference for the alienable/possessive 

sentence type. An examination of this type revealed a high incidence of lexical conflict 

between the Relative Pronoun and the animacy state of NP2. That is, animate nouns 

‘prefer’ who as their RP and disprefer that. A post hoc hypothesis was formalized: 

higher-span readers pay more attention to the distributional relationship between that 

and its referent noun. It is implied by this felicity hypothesis that sentences with a high 

NP1 bias – i.e. those where readers have been ‘pushed’ away from default Late Closure 

– will be a population of items that are most likely to show evidence of a relationship 

between span and attachment preference (though this is also compatible with the 

simpler statement that higher-span readers are more labile). In other words, sentences 

that tend to be resolved towards NP2 will have little variation that can be explained by 

span score; NP1-biasing sentences, on the other hand, must be more variable because of 

other factors militating against Late Closure. On the felicity hypothesis, one of those 

factors should be span. Sentences were scored according to their average NP1 bias. A 

separate value was calculated for the correlation of span with NP1 bias; this can be 

taken to represent an ‘effect of span’ on a given sentence. The resulting regression was 

not significant for (i) all experiment items, (ii) items collapsed across questionnaire (i.e. 

with determiner and modifier manipulations averaged), and (iii) three of the four 

sentence types. One sentence type did show the effect, but this type (highly visual) 

contained only two ‘pushy’ items of six. The felicity hypothesis would predict such an 
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effect too weakly with these items, particularly in comparison with the 

alienable/possessive group, where all items were pushy. This last group, however, show 

no effect at all. 

In summary, this preliminary investigation has found no overall influence of span 

(and therefore no easy link between span and preference), but a relationship between 

span and sentence type. However, it is not clear what this relationship may be. A post 

hoc hypothesis was formulated on the basis of a negative correlation between span and 

NP1 bias for the alienable/possessive items, which appeared to show a differential use 

of NP2-RP information by higher-span readers and lower-span readers. This 

information is based upon distributional plausibility, which is consistent with the theory 

of MacDonald and colleagues. The hypothesis predicted an increase in the correlation 

with span for sentences that have a high NP1 bias because, where readers have been 

‘pushed’ away from their Late Closure preference, this push may be caused by an 

infelicitous relationship between NP2 and the RP. This relationship was not found. 

The three theories of resources 

The theory of Carpenter and colleagues: The interaction between span and sentence type 

(on NP1 bias) may support some notion of capacity differences in parsing. However, 

there is no clear span hypothesis that would accommodate the apparently arbitrary 

pattern for this interaction seen in Figure 7. Indeed, where effects are not in evidence, 

this unified account could make the criticism that working memory capacity was not 

sufficiently taxed (e.g. Just & Carpenter, 1992). 

The theory of MacDonald and colleagues: Again, any interaction between span and 

modifier would be consistent with the position generally, but without a theoretical basis, 

this interaction cannot be counted as positive evidence. The observation that higher-

span readers do not make use of plausibility constraints may be countered in a number 

of ways. Firstly, this study is exploratory and has some limitations (see below). 

Secondly, it may be the case that higher-span readers and lower-span readers will 

resolve ambiguities similarly when the task is off-line. This stems from evidence that all 

readers, regardless of capacity, are aware of plausibility constraints if they are given the 

opportunity to demonstrate this (Pearlmutter & MacDonald, 1995). However, this 

finding is based upon a plausibility judgement; in this study, participants were 

specifically instructed to indicate their initial choice of attachment.  
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SSIR Theory: This account is not consistent with the interaction between reading 

span and modifier. It may be attributed to materials differences and, given the counter-

intuitive means for the modifier conditions, there would be a case to answer.  

Previous Research 

Mendelsohn and Pearlmutter (1999) found that lower-span readers had a generally 

higher NP1 bias than higher-span readers. In the present study, these differences did not 

emerge. This may be attributed to the small group size for each (25 and 5 respectively). 

Mendelsohn and Pearlmutter’s group sizes were (lower-span readers in their two 

experiments were 57 and 53; higher-spans were 12 and 20).  

The next study 

In the study reported in this chapter, there were no consistent effects modifier, 

determiner and felicity in this RC ambiguity that could explained by the Daneman and 

Carpenter Reading Span Test (DC RST). The next study will examine a related 

manipulation: the plausibility of a Saxon genitive alternative. This should be more 

computationally demanding because it involves, at least partially, the maintenance of 

more than one structure. It also presents an opportunity to demarcate between the 

resource theories of Carpenter and colleagues and MacDonald and colleagues. 

Additionally, sample size will be increased and problems with the DC RST addressed. 
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CHAPTER FIVE: THE PLAUSIBILITY OF ALTERNATIVE STRUCTURES 

THE PLAUSIBILITY OF ALTERNATIVE 
STRUCTURES 

Abstract 
One feature of the Connectionist Account (MacDonald and colleagues) that 

distinguishes it from Single Resource Theory (Carpenter and colleagues) concerns the 

maintenance of alternative structures. The Connectionist Account proposes a serial 

probabilistic mechanism (e.g. Pearlmutter & MacDonald, 1995), where processing is 

influenced by the plausibility of competing structures. The Single Resource Theory of 

Carpenter and colleagues, as implemented in the CC-READER production system 

framework, proposes a weighted parallel model (e.g. Just & Varma, 2002); this model 

generates parsing structures only if they are consistent with a possible interpretation of 

the current sentence. The probabilistic serial mechanism of the Connectionist Account, 

on the other hand, may be influenced by the plausibility of structures that need not serve 

as a candidate interpretation for the current sentence. For example, given the sentence 

Someone shot the servant of the actress who was on the balcony, the Carpenter account 

will entertain two parse trees (high and low attachment) as resources permit. The 

MacDonald account, however, should process an alternative structure – Someone shot 

the actress’s servant who was on the balcony – and use an assessment of this alternative 

when evaluating the correct attachment site for Someone shot the servant of the actress 

who was on the balcony. The ability to utilize the plausibility of the alternative structure 

should increase as reading span increases. 

The current study set out to test the two theories. So doing, it was intended to (i) 

identify theoretically-driven differences in parsing due to processing and storage 

limitations and (ii) provide evidence consistent with one or other of the two theories. 

This study had two phases. In Phase I, participants were given an off-line forced-

choice attachment questionnaire together with the Waters, Caplan and Hildebrandt 

(1987) reading span test (WCH RST; its advantages over the DC RST are discussed in 

5.1.2 Methodological issues, p. 120). In Phase II, completed at least one month later, 
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participants were given a second, similar questionnaire. The data were collected in two 

phases to aid with counterbalancing. Participants were provided with NP-NP-RC 

ambiguities (e.g. The butler cleaned the collar of the gentleman that had been sprayed 

with champagne). Each item had a Saxon genitive alternative (e.g. gentleman’s collar). 

On the basis of experimenter intuition that an animate object is more likely to possess 

another than is an inanimate object, it was suggested that an animate NP2 would form a 

more plausible Saxon genitive (e.g. gentleman’s collar) than an inanimate NP2 (e.g. 

suit’s collar). Participants saw one version of each sentence with an animate NP2 and 

one version that was inanimate; each version was presented in one of the two 

questionnaires. Analysis of Variance conducted on NP1 bias scores indicated the 

presence of reliable individual differences. Because NP1 bias did not correlate between 

Phases I and II – which suggests a problem with the manipulation of the Saxon genitive 

alternative – plausibility scores (obtained from a new sample) for the alternatives were 

correlated with span. The WCH RST provides two measures of reading span: one is 

quite similar to the DC RST (the recall-criterion span) and the other incorporates both 

recall and processing during the WCH RST (the processing-storage span). Only the 

recall-criterion significantly correlated with NP1 bias in the direction that is 

hypothesized by MacDonald and colleagues; that is, the direction that indicates higher-

span readers change their preference towards NP2 when a plausible alternative that 

would have disambiguated NP1 attachment has not been used. The two types of span 

measure are discussed. 

5.1 Introduction 
The study in the previous chapter was intended to identify any relationship between 

reading span and attachment preference in an NP-NP-RC attachment ambiguity (e.g. 

Cuetos & Mitchell, 1988). In this chapter, a study will be reported that investigates the 

differences between the weighted parallel model of Carpenter and colleagues and the 

probabilistic serial model of MacDonald and colleagues.  

5.1.1 Multiple representations and plausibility 

Mendelsohn and Pearlmutter (1999) showed that higher-span readers and lower-span 

readers differed in their processing of functional of constructions, such as: 
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(42) The crowds annoyed the chauffeur of the actor who wanted to go 
home. 

 

Whereas lower-span readers showed a reliable preference for N1 attachment, higher-

span readers showed no preference. The authors suggested that this might indicate 

higher-span readers’ awareness of a Saxon genitive alternative: the actor’s chauffeur.  

In English, there are two genitive forms: the Norman genitive (chauffeur of the 

actor) and Saxon genitive (actor’s chauffeur) (e.g. Mitchell & Brysbaert, 1998). The 

Saxon genitive unambiguously points to chauffeur as the noun modified by the relative 

clause (RC). On the Gricean principle of clarity (Grice, 1975), one might expect a writer 

to use this construction if he or she intended to modify chauffeur in a subsequent clause. 

The absence of the Saxon form might indicate to the higher-span reader (formulating 

the Saxon genitive alternative) that chauffeur is not the intended attachment site. The 

result is that, while lower-span readers tend to attach high, higher-span readers are 

tempered by the information that N1 is disprefered. Thus, in the Mendelsohn and 

Pearlmutter study, higher-span readers show no bias. 

This hypothesis presents an opportunity to examine a difference between the two 

unified resource accounts.  

Predictions: Saxon genitive alternative structures and plausibility 

The connectionist account of MacDonald and colleagues would predict that readers with 

a greater capacity use plausibility information during parsing (e.g. Pearlmutter & 

MacDonald, 1995). While this approach is also compatible with a relationship between 

reading span and the presence of the Saxon genitive, the relationship should be most 

pronounced with those items that have plausible alternatives. That is, the plausibility of 

the current structure should be informed by the relative plausibility of others. Step by 

step, the process should take this form: As the higher-span reader encounters the verb 

following the relative pronoun, the sum probability of an NP2-resolving relative clause 

is higher than the probability of any other structure (because these are generally more 

frequent in English; see Mitchell & Brysbaert, 1998). However, the higher-span reader, 

who has developed idiosyncratic parsing processes for ‘irregular’ mappings between the 

sentence and its interpretation (cf. the frequency by irregularity interaction in lexical 

decision tasks, e.g. Harris & Coltheart, 1986) through greater exposure, may utilize an 

extra source of information: when the writer or speaker has not used an available (i.e. 

plausible) and unambiguous Saxon genitive form that would indicate NP1 resolution, 
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the writer or speaker will generally intend an NP2 resolution. Though this operation is 

complex, it should be straightforward in principle for a processor whose goal is not the 

computation of syntactic structure per se but the broader aim of succeeding at the 

language task; the processor has the means and needs only the opportunity (i.e. 

exposure, the key difference between higher-span readers and lower-span readers on the 

connectionist account). Any connectionist network will incorporate predictive cues to 

solve a mapping problem, and this probabilistic serial parser should incorporate the 

plausibility of alternative structure in much the same way. Note that the parser does not 

have to compute this alternative structure: its presence can be inferred by any irregular 

mapping strategy that is sufficiently predictive. For example, a strategy may be: ‘when 

the relationship between N1 and N2 is genitive and N2 is human, N2 becomes more 

likely as an attachment site for a relative clause’. This is the mechanism hypothesized to 

underline the processing of the MV/RR ambiguity (Pearlmutter & MacDonald, 1995; 

see p. 82 of this thesis) and should also be in evidence here. 

Manipulating the plausibility of the Saxon genitive alternative is not straightforward. 

On experimenter intuition, it was suggested that the animacy status of NP2 may predict 

the existence of a plausible alternative structure. For example, The butler cleaned the 

collar of the gentleman that had been sprayed with champagne contains an animate 

NP2, which makes for a reasonable alternative structure: The butler cleaned the 

gentleman’s collar that had been sprayed with champagne. However, if NP2 is 

inanimate, the alternative version becomes less convincing because an inanimate entity 

is less likely to own or possess another: The butler cleaned the suit’s collar that had 

been sprayed with champagne. If higher-span readers do indeed take notice of a 

plausible alternative, the non-use of which suggests that NP1 is the intended site for the 

relative clause, then we should expect a difference between sentences with animate or 

inanimate NP2s for higher-span readers. However, it is quite possible that some 

combinations will vary in their plausibility. For this reason, the alternative structure for 

each experimental item will be scored for plausibility by an independent group of 

participants. 

The processing behind the Carpenter and colleagues’ CC-READER has also been 

discussed in the context of the MV/RR ambiguity (see Chapter Three). CC-READER 

would not predict the general influence of a Saxon genitive alternative because it does 

not compute syntactic structures unless such structures are direct candidates for the 

current sentence (Just & Carpenter, 1992; Just & Varma, 2002). 
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SSIR Theory would predict no influence of span at all. If such an influence is found, 

it may be attributed to an overlap in postinterpretative processing between the 

questionnaire and the reading span test. 

5.1.2 Methodological issues 

Some potential problems with the DC RST were noted in the third chapter (p. 63). We 

will reprise and extend them here (many of these criticisms can be found in Waters, 

Caplan & Hildebrandt, 1987, and Waters & Caplan, 1996b, whose own test – the WCH 

RST – attempts to remedy them). 

Storage bias 

Though one of the strengths of the DC RST is that it requires both processing and 

storage, it yields a measure of storage alone. A participant may increase his or her 

performance on the storage component of the task by reducing performance on the 

reading component (Turner & Engle, 1989). A higher span score will then reflect a 

trade-off in favour of storage rather than the relative abundance of a central processing 

resource. The WC RST produces an additional statistic that combines both processing 

speed and recall with the aim of capturing such trade-offs. 

Lexical variables 

Variables such as word length have been shown to influence performance on the DC 

RST (La Pointe & Engle, 1990) because longer words more adversely affect 

participants with poor rehearsal strategies. A higher span score will then reflect a better 

rehearsal ability, not a larger capacity. The WC RST controls for word length. 

Depth of processing 

In the original Daneman and Carpenter (1980) study, participants were not required to 

answer comprehension questions in the written version of the task, though this was a 

requirement of the auditory version. Without comprehension questions, it is not clear 

that all participants will read equally thoroughly and, consequently, resources devoted 

to the task may vary. Other studies have introduced acceptability judgements. Turner 

and Engle (1989), for example, used speeded acceptability judgements as a measure of 

processing. Sentences varied in complexity and word-order. However, this is not ideal 

because the identification of mis-orderings may require only a superficial level of 

processing quite divorced from normal reading. For Tirre and Pena (1992), participants 
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were asked to make on-line judgements about the truth of a written sentence (e.g. 

Neurosis is best treated by neurosurgery). In this case, the ‘truth’ of a sentence will vary 

with the participant’s knowledge, outlook and so on. The WC RST requires participants 

to judge acceptability, where this acceptability is linked to the thematic role 

requirements of the verb (e.g. an unacceptable sentence would be: It was the book that 

the boy surprised). This last method would seem a reasonable method to ensure (i) a 

consistent amount of processing between readers and (ii) processing closely resembles 

reading. 

Other aspects of the WCH RST 

The DC RST terminates when a participant fails at a particular level. That is, a failure at 

level four would result in a span score of three without the opportunity to attempt the 

fifth level. In order to get a more complete picture of span, the WCH RST continues to 

level six for all participants. The WCH RST also differs marginally in its scoring 

procedure to provide more variability in the storage component (see 5.2.2 Procedure and 

Materials, p. 122). In addition, overall reading span scores are calculated as a 

combination of processing speed (in the acceptability judgement), accuracy and recall. 

Hypotheses 

Before the Method is described, the experimental hypotheses will be briefly restated. 

The first hypothesis states that individual differences in attachment behaviour will be 

found. The second experimental hypothesis holds that the WCH RST will predict 

differences in the use of plausibility of Saxon-genitive alternatives in RC ambiguities: 

specifically, higher-span readers will prefer an NP2 attachment when a plausible Saxon 

genitive alternative is present. 

For counterbalancing reasons outlined below, participants were tested on two 

occasions, Phases I and II. 
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5.2 Method 

5.2.1 Participants 

Forty-nine (49) participants were recruited from a first-year undergraduate psychology 

course. Only native speakers of International English were recruited. Of this number, 9 

were male and 40 female. All 49 participated in the Phase I of the study. In Phase II (at 

least one month later), 34 participants (69%) were available for re-testing. Participants 

received course credit for each phase of the study. 

5.2.2 Procedure and Materials 

The experiment comprised two phases. In Phase I, participants were given two tasks: 

the Waters, Caplan and Hildebrandt (1987) span test (WCH RST), plus one off-line 

questionnaire (see below). The questionnaire came in two versions, A and B (see 

Appendix Two for version A). Participants were randomly assigned a version. In Phase 

II, participants were given the questionnaire they did not complete in Phase I. For 

example, a participant would complete version A in Phase I and version B in Phase II. 

In each Phase, participants were taken to a quiet room. For Phase I, participants 

completed the WCH RST on a desktop PC with 14” (35cm) VDU at approximately 

60cm distance using the experiment generation software DMDX, developed at Monash 

University and the University of Arizona by K. I. Forster and J. C. Forster. Next, 

participants were given a forced-choice paper-based questionnaire (either version A or 

B). The span test took approximately 15-20 minutes to complete and the questionnaire 

20-25 minutes. 

The WCH RST1 

The methods and materials for this test are described in Waters, Caplan and Hildebrandt 

(1987, Experiment 2A) and Waters and Caplan (1996b, pp. 54-56). Materials and 

instructions are presented in Appendix Five. Participants are presented with a series of 

sentences on a computer screen. They must then make an acceptability judgement based 

on the thematic role requirements of the verb. In the experimental instructions, this is 

                                                 
1 The materials for the WC RST were kindly provided by Gloria Waters. 
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phrased “Not grammatical acceptability, but whether or not you think the sentence is 

somehow impossible or just doesn’t make sense”. The ‘acceptable’ response was 

indicated by pressing the left CTRL, ‘unacceptable’ with the right CTRL. Both keys 

were clearly marked with coloured labels. Immediately this decision is made, the next 

sentence appears. When the participant reaches the last sentence in the block, an asterisk 

is displayed. The asterisk signals the recall component of the trial. 

At the recall stage, participants must recall the sentence-final words of each sentence 

in the previous block. The experimental instructions make clear that mnemonics should 

be avoided. The words are spoken aloud to the experimenter, who marks them off a list 

beyond the participants’ field of vision1. They are asked to recall them in the correct 

serial order where possible. (Participants do not begin the test until they have completed 

any number of practice trials to their satisfaction. In the event, all participants used no 

more or less than the default – three practice trials at the two-sentence level.) 

Participants are instructed to perform the timed acceptability judgement very 

accurately and recall as well as possible. Whereas the DC RST is terminated when a 

participant fails a particular level, this is not the case with the WCH RST; each 

participant completes the entire test.2 

In contrast to the DC RST, stimuli in the WCH RST vary in known complexity. Four 

sentence structures are used (and their presentation order counterbalanced across 

participants): cleft subject, cleft object, object-subject, and subject-object (see Table 5). 

 

 

                                                 
1 Water and Caplan (1996b) had subjects write the words on paper. It was felt that a more immediate 

measure would provide a better indicator and, in addition, control for writing speed and spelling fluency. 
2 During debriefing, some participants reported that the test was challenging and, in some cases, stressful. 

However, no participants chose to abandon the test. 
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Table 5: Sentence types in the reading span test 

Sentence Type Propositions Relative Syntax Overall 

It was the gangsters 

that broke into the 

warehouse. 

cleft subject: CS 1 Simple Low complexity 

It was the broken 

clock that the 

jeweller adjusted. 

cleft object: CO 1 Complex Med complexity 

The man hit the 

landlord that 

requested the 

money. 

object-subject: 

OS 

2 Simple Med complexity 

The meat that the 

butcher cut 

delighted the 

customer. 

subject-object: 

SO 

2 Complex High complexity 

 

 

The sentences also vary in terms of proposition (i.e. conceptual assertion) number. 

CS and CO types have one; OS and SO have two. CS and OS types are simpler than CO 

and SO because, in the former pair, thematic roles are canonically assigned (i.e. NP1 is 

the agent and NP2 is the theme). It is also the case that two-proposition sentences (OS 

and SO) are more difficult to process than sentences with one proposition (CS and CO) 

(Waters, Caplan & Hildebrandt, 1987). Thus, we can rank these types in terms of 

complexity: SO (high complexity), OS and CO (both medium complexity), and CS (low 

complexity). 

Animacy is counterbalanced such that half the items of each type have verbs that 

require animate participants (e.g. It was the man that clenched the pillow) whilst the 

other half have verbs that require animate objects (e.g. It was the toy that fascinated the 

child). Half of the materials are acceptable, half unacceptable. Unacceptable sentences 

are created by swapping the participant and object (It was the child that fascinated the 

toy). This results in an unacceptable animacy conflict. Arguably, this conflict is 

syntactic (cf. participants are assured that all sentences are grammatically correct). 

Acceptability processing requires an initial syntactic analysis, thematic role assignment 
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(of the participant and object) and an attempted integration of the participant and object 

in light of the main verb. 

In total, 400 sentences are used for the test. There are 100 of each type (CO etc.). All 

sentences are 8 to 11 words long. For the span test, stimuli are blocked by sentence type 

so that, in any given block, the participant will experience sentences of the same 

structure. The 100 sentences for each type are randomly divided into five sets of 

sentences of sizes ranging from two sentences to six. This generates five separate span 

tests counterbalanced for sentence complexity. Participants are randomly assigned to 

one. 

The reading span test yields two important measures: 

• Recall-criterion span. This is taken to be the highest level at which a participant 

successfully recalls all the sentence-final words in three out of four trials. This 

yields a score of 2-6 (the test begins at the two-sentence level). In addition, the span 

level is increased by 0.5 if the participant succeeds on two of four trials at the next 

level. Spans levels for each sentence type were also calculated along the same lines: 

success at one level is characterized by 75-100% performance, plus 0.5 if the 

participant recalls between 50-75% on the next. This measure is quite comparable to 

the original scoring for the DC RST.  

• Processing-storage span. Each participant’s (i) RT for correct acceptability 

responses, (ii) RT for incorrect responses, and (iii) overall number of items 

incorrectly recalled are collapsed across span size1 and converted to Z-scores. The 

unweighted average of these scores gives the composite Z-score or ‘processing-

storage span’ score (see Waters & Caplan, 1996b, pp. 64-65). Note that a higher 

score reflects slower or worse performance on one or more of these processing and 

storage measures.  

 

Off-line Questionnaire 

Stimulus sentences were presented to each participant in the form of an off-line 

questionnaire (see Appendix Two for the materials and an example questionnaire). 

Materials were adapted from Gilboy, Sopena, Clifton & Frazier (1995). Items took the 

                                                 
1 The correlation between working memory as measured by the recall-criterion span measure and as 

measured by the processing-storage measure ranged between 0.93 and 0.98 in Waters and Caplan 
(1996b). 
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form NP1-PP-NP2-RC and were followed with two boxes to indicate preferred choice 

of RC attachment. For example: 

 
(43) The butler cleaned the collar of the gentleman that had been 

sprayed with champagne. 
 

_____ had been sprayed with  The collar  
   champagne 
        The gentleman 
 

Participants were explicitly requested to indicate their initial choice. All NP1-PP-

NP2 relationships were genitive. Experimental sentences had versions that had either an 

animate NP2 (e.g. (43)) or an inanimate NP2 (e.g. The butler cleaned the collar of the 

suit that had been sprayed with champagne.). In order to compare preferences for each 

version within an individual, an interval of at least one month was introduced before a 

participant was given the remaining version.  

On experimenter intuition, it was assumed that an animate noun would make a much 

more plausible Saxon genitive than an inanimate one: compare gentleman’s collar with 

suit’s collar. Thus, Questionnaire A contained the animate NP2 version of an item and 

Questionnaire B contained its inanimate version. See Table 6 for a summary. There 

were 24 experimental sentences with animate NP2s (animate type) and 24 with 

inanimate NP2s (inanimate type). Questionnaire A had a random selection of 12 

animates and 12 inanimates together with 40 filler sentences. Likewise, Questionnaire B 

contained the remaining versions of each experimental sentence. 
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Table 6: Lexical Classifications with Examples 

Sentence 

type 

Example Saxon genitive 

Alternative 

Status of 

Alternative 

Animate NP2 The butler cleaned the 

collar of the gentleman 

that had been sprayed 

with champagne. 

The butler cleaned the 

gentleman’s collar that 

had been sprayed with 

champagne. 

More plausible 

Inanimate 

NP2 

The butler cleaned the 

collar of the suit that had 

been sprayed with 

champagne. 

The butler cleaned the 

suit’s collar that had 

been sprayed with 

champagne. 

Less plausible 

 

A small-scale plausibility study was also conducted where each experimental item 

was scored for plausibility. This provides (i) a manipulation check of the above 

experimenter intuition and (ii) a superior measure of plausibility in the event of a 

discrepancy between the two. Thirty-two new participants were given one of two 

questionnaires that contained the Saxon genitive alternatives from Questionnaires A and 

B used in the main study. For example, the item ‘Sara did the famous painting of the 

poet that the public found so gloomy’ from the main study was included in a plausibility 

questionnaire as ‘Sara did the poet's famous painting that the public found so gloomy.’ 

Each questionnaire had twenty-four items and was individually randomized. Following 

an item, participants rated the sentence on a seven-point scale of ‘naturalness’ (defined 

at the beginning of the questionnaire as: “What is the likelihood that a native English 

speaker would phrase an idea in such a manner?”). If higher-span readers do indeed take 

steps in order to work out the most likely intention of the writer, then this instruction 

should tap the same judgement. Participants who provided the plausibility ratings did 

not participate in the main study. 
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5.3 Results 

5.3.1 Reading Span Measure 

Table 7 shows general descriptive statistics for the recall-criterion measure and overall 

number of trials correctly recalled1. A paired T-test was performed on the recall-

criterion score (left column) to compare the most difficult sentence type (subject-object) 

and the easiest (cleft subject) and returned T48 = 5.03, p < 0.001. This supports the idea 

that processing load influences the reading span score, and reinforces the modification 

of the WCH RST over the DC RST whereby sentence complexity is controlled. A 

similar difference was found in the number of trials correct for these subtypes (T48 = 

7.90, p < 0.001) and the RTs for the on-line acceptability judgement: T47 = 13.96, p < 

0.001 (see Table 82). Figure 12 displays the means graphically. 

 

Table 7: Span Score and Overall Number Correct for the Reading Span Test 

Reading Span Score (marked as DC 

RST) 

 No. of correctly-recalled sentence-final 

words 

 Measure Range Mean SD  Range Mean SD 

Combined 1.00 - 5.50 2.79 1.07  29 – 68 (of possible 

80) 

45.94 10.02 

CS Span 1.00 - 6.00 3.72 1.66  7 – 20 (of 20) 12.96 3.14 

CO Span 1.00 - 6.00 3.56 1.12  7 – 18 (of 20) 11.55 2.6 

OS Span 1.00 - 6.00 3.29 1.45  5 – 18 (of 20) 11.45 3.16 

SO Span 1.00 - 5.50 2.60 1.06  4 – 17 (of 20) 9.98 3.08 

Note 1: CS (Cleft Subject), CO (Cleft Object), OS (Object-Subject), and SO 

(Participant-Object) 

 

                                                 
1 Span test data was prepared for analysis with specially-written Microsoft Visual BASIC programs. 
2 One participant’s on-line data was removed because it was corrupted. 
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Table 8: Acceptability Judgement Reaction Times 

Measure Range Mean RT

(msec) 

SD 

Overall 2570.6 - 8043.3 4725.3 1342.9 

CS Span 2050.1 - 6492.8 3879.4 1136.0 

CO Span 2589.1 - 7923.0 4520.2 1368.5 

OS Span 2962.7 - 9363.2 5154.9 1566.9 

SO Span 2798.0 - 9374.9 5494.1 1564.9 
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Figure 12: (a) Sentence Type and Mean Type-Specific Span, (b) Sentence Type and 

Mean No. Correct for Sentence-Final World Recall and (c) Sentence Type and 

Mean Correct Reaction Time for the Acceptability Judgement. 

 

For the thirty-three participants who completed both Phases I and II, mean error on 

the acceptability judgment was 15% (range: 1.25 – 35; SD: 7.9). This error did not 

correlate significantly with any measure of span. The recall-criterion measure of span 

did not correlate with average RT (including both incorrect and correct acceptability 

judgements): r 32 = 0.18, p > 0.05. This is consistent with studies that show higher-span 

readers do not advantage themselves by simply reading faster (e.g. Waters & Caplan, 

1996b; cf. Salthouse, 1993). 
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Correlations between the recall-criterion span measure and the processing-storage Z-

score are presented in Table 9. Note that the correlations are negative because the 

traditional measure is based upon correct recall (the better the recall, the higher the 

score) whereas the processing-storage score is based upon recall error and processing 

speed (the better the performance, the lower score). Generally speaking, there is a good 

overlap between the recall-criterion and processing-storage Z-scores for CS and OS 

subtypes, but the relationship is poorer for measures SO and CO recall. 

 

Table 9: Correlations between traditional, recalled-based measures of span and 

composite Z-score measures 

   SPAN CS OS SO CO ZSPAN ZCS ZOS ZSO ZCO 

SPAN r 1 .463** .465** .405** .229 -.208 -.476** -.348** -.115 -.185 

CSr  1 .403** .409** .084 -.055 -.324* -.136 .027 -.046 

OSr   1 .132 .325* -.159 -.054 -.399** -.058 -.115 

SOr    1 -.031 .109 -.065 .048 -.005 .010 

COr     1 -.132 -.277* -.380** .029 -.006 

ZSPAN r      1 .597** .678** .867** .883** 

ZCSr       1 .443** .526** .538** 

ZOSr        1 .545** .536** 

ZSOr         1 .882** 

ZCOr          1 

** Correlation is significant at the 0.01 level (1-tailed). 

* Correlation is significant at the 0.05 level (1-tailed). 

 

The Z-score in more detail 

As an aside, it was decided to examine the processing-storage Z-score in more detail. 

First, to find evidence for a trade-off between processing resources devoted to the 

acceptability judgement against processing those for the recall task, a one-tailed 

correlation was performed between mean processing time (for both incorrect and correct 

acceptability judgements) and total number of sentence-final words recalled. A trade-off 

should produce a negative correlation: longer RTs on the acceptability judgements 

should produce inferior recall and vice versa. A correlation was performed on those 
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participants who completed both phases (so that this information pertains to those 

participants who were included in the subsequent plausibility analyses). Though the 

correlation was in the hypothesized direction, it was not reliable: r 32 = -0.28, p > 0.05. 

In this sample, participants did not trade-off resources.  

To refine this point, as a second test for the existence of a trade-off, overall 

percentage incorrect for acceptability judgements were correlated with overall 

percentage of sentence-final words recalled. This was intended to determine if 

participants increased their recall performance by becoming more reckless on the 

acceptability judgement, which would produce a positive correlation. No such 

correlation was found (r32 = 0.081). 

Third, the data were examined for evidence that the Z-score would be distorted by its 

inclusion of incorrect acceptability judgements – i.e. trials where participants did not 

correctly interpret the stimulus sentence. Mean correct and incorrect acceptability 

judgement RTs were correlated: r32 = 0.90, p < 0.001. Thus, the Z-score is probably not 

distorted by the inclusion of incorrect acceptability RTs. 

Thus, (i) though the Z-score measure of reading span was designed to accommodate 

posited trade-offs (Waters, Caplan, & Hildebrandt, 1987), in the present study there 

seems to be no trade-off, and (ii) including RTs for trials where participants incorrectly 

read sentences will not distort the Z-score.  

5.3.2 Off-line Questionnaire 

Individual Differences 

A One-way ANOVA for materials analysis, with a repeated design, was performed to 

obtain a measure of individual differences. (This analysis is identical to the one reported 

in the previous study: Individual differences in attachment preference, p. 105.) Without 

these differences, there is no variability in attachment preference to explain using 

reading span. The ANOVA was unorthodox because the main factor was not a measure 

but participant identity. That is, each level in the factor Participant corresponded to an 

individual participant. The dependant variable was the binary response for each of the 

experimental items. If the factor Participant contributes significantly to the variability in 

attachment preference then we can say that the sample contains individual differences. 

In other words, differences in questionnaire performance may be attributed in large part 

to differences among individual participants. Two such ANOVAs were carried out 
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because the two questionnaires could not be combined. For Questionnaire A, there was 

an effect of participant, F40 920 = 6.7, p < 0.001, and likewise Questionnaire B F38 684 = 

2.8, p < 0.001. Therefore, in both cases, there are significant differences in attachment 

preference between individuals. 

Table 10 shows the correlations in NP1 bias between Phases I and II. None of the 

measures is significant. If NP2 animacy has had a systematic effect, we would expect a 

positive correlation for overall NP1 bias, NP1 bias for animate items and bias for 

inanimate bias because these were manipulated similarly on both occasions. If the effect 

is non-systematic, then it suggests that uncontrolled variables have influenced the 

dependent measure. In this experiment the crucial manipulation is the plausibility of the 

Saxon genitive alternative, and the reaction of higher-span readers to it.  

It may be argued the failure to find a correlation between Phases I and II indicates a 

flaw in the preparation of the materials that renders any subsequent analysis redundant. 

However, if the plausibility of the Saxon genitive was not correctly manipulated – i.e. 

one questionnaire contained a greater number of plausible items than another – then this 

balance may be addressed if we (i) determine plausibility empirically (using an 

independent sample) and (ii) use this new measure to test the experimental hypothesis. 

Thus, while there may be no correlation between Phases I and II, we can address the 

likely factor that underlies this null result and continue to investigate the relationship 

between reading span and Saxon genitive plausibility. 

 

Table 10: Attachment preference correlations between Phases I and II 

 Correlation between Phases I and II 

(Pearson, one-tailed) N = 34 

Overall NP1 Bias 0.15 (NS) 

NP1 Bias for Animate Items 0.14 (NS) 

NP1 Bias for Inanimate Items 0.12 (NS) 

 

Saxon Genitive Manipulation 

For the sample as a whole, there was an overall effect of animacy of NP2: T48 = 2.28, p 

< 0.05. The means for this effect are shown in Figure 13. Sentences with an inanimate 

NP2 were resolved in a Late Closure fashion (significantly different from chance T48 = 

2.96, p < 0.01), whereas animate NP2 sentences showed a random bias. 
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Figure 13: Mean percentage NP1 bias for sentences with an animate NP2 and an 

inanimate NP2 (with standard error). 

 

5.3.3 Span and attachment preference 

Table 11 shows the correlation between the different span scores and overall NP1 bias 

for all experimental items. While the overall span scores (both recall-criterion and 

processing-storage) and most of its subtypes show no significant relationship with any 

measure of NP1 bias, the traditionally-scored CO subtype showed a positive 

relationship with overall NP1 bias. This is counter to the anticipated effect, where 

higher-span readers move towards NP2 attachment with structures that have a plausible 

Saxon genitive alternative. (The CO processing-storage span showed a similar trend: 

significance values for its correlation with overall NP1 bias, bias for animate items and 

inanimate were 0.055, 0.082 and 0.062 respectively.)  
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Table 11: Correlations between span measures with NP1 bias for all experimental 

items, animate items and inanimate items 

Span Measure Overall NP1 Bias NP1 Bias for 

Animate Items 

NP1 Bias for 

Inanimate Items 

Overall Span 0.117 0.116 0.096 

CS Span -0.008 -0.108 0.105 

OS Span 0.100 -0.018 0.214 

SO Span -0.052 -0.044 -0.052 

CO Span 0.321* 0.320* 0.264 

Overall Z-Span 0.158 0.171 0.115 

CS Z-Span 0.078 0.016 0.133 

OS Z-Span -0.132 -0.107 -0.135 

SO Z-Span 0.137 0.132 0.119 

CO Z-Span 0.28 0.244 0.269 

* Correlation is significant at the 0.05 level (1-tailed). 

 

Further analyses 

The effect of animacy may be measured more subtly. The experimental hypothesis 

holds that the use of this animacy information should (through its predictive relationship 

with a plausibile Saxon genitive alternative, i.e. an animate NP2 signals a possible 

unambiguous re-wording that would modify NP1) lead readers with a higher reading 

span to favour an NP2 attachment. Before examining this relationship, two points 

should be noted. First, recall that the traditional recall-criterion span score indicates 

better performance as the score increases. The composite Z-score, on the other hand, 

indicates worse performance as it increases. If both scores tap the same resource, their 

correlation for a given participant will be negative. Second, we need a derivative 

measure to represent the effect of NP2 animacy. Because the inanimate NP2 type is 

posited to have no effect, while the animate NP2 type may have an effect, we will 

subtract the attachment biases of the latter from those of the former; that is, NP1 bias 

the for animate NP2 items minus the NP1 bias for inanimate NP2 items. The residual 

represents an effect of animacy. When this is positive, the animate NP2 has increased 

the bias towards NP1. When it is negative, it has decreased the bias towards NP1. Table 

12 shows the correlation coefficients for each measure of span (the recall-criterion and 
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the processing-storage Z-score) and effect of animacy (EOA). None of the correlations 

is significant. 

  

Table 12: Correlations between span measures and effect of animacy (EOA) 

Span Measure Effect of Animacy (EOA) 

Overall Span -0.041 

CS Span -0.164 

OS Span -0.003 

CO Span -0.112 

SO Span 0.127 

Overall Z-Span -0.091 

CS Z-Span -0.137 

OS Z-Span 0.009 

CO Z-Span -0.213 

SO Z-Span -0.085 

 

At this stage, the data suggest that the animacy cue (as a predictor of a plausible 

Saxon genitive alternative) is not related to a change in attachment preference as span 

(by any measure) increases. However, the failure to find a correlation between Phases I 

and II for attachment preference for animate/inaminate items suggests that the 

manipulation was not systematic. For this reason, data from the independent plausibility 

study described on page 130 – where the alternatives of each item were scored for 

plausibility – were used to provide a more valid measure of plausibility. This score was 

the mean rating for that item. Plausibility scores ranged from 1.9 to 6.3 with a mean of 

3.6, where 1 is ‘natural’ and 7 is ‘unnatural’ (you can see more descriptive statistics in 

Appendix Six). To compute a single measure that represents the influence of this 

plausibility, an individual participant’s attachment choices were correlated with the 

mean plausibility for those items. Recall that the data for each item are coded thus: 

attachment (2 is high attachment, 1 is low); plausibility score (7 is very implausible, 1 is 

very plausible). For a given participant, a coefficient of 1 would indicate that items with 

an implausible Saxon genitive alternative are resolved in a high attachment fashion 

(NP1 attachment) while those with plausible alternatives are resolved in a low 

attachment fashion (NP2 attachment). We would expect a higher coefficient for higher-

span readers. A coefficient of -1 would indicate that implausible alternatives are 
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associated with low attachment (NP2) and plausible alternatives with high attachment 

(NP1). We would expect a lower coefficient for lower-span readers. 

The 34 coefficients had a mean of -0.07 and ranged from -0.39 to 0.3. A one-sample 

T-test indicated returned T = 1.97, p < 0.05 (one-tailed), which indicates that the sample 

values are significantly different from zero; that is, the correlations have an underlying 

non-random component. 

We are interested in how this relationship varies with span. It has been hypothesized 

that higher-span readers will favour Late Attachment when the Saxon genitive 

alternative is plausible. If we were to plot these coefficients against our span 

measure(s), any correlation would indicate a role for span. Higher-span readers should 

have generally positive plausibility-attachment correlations; lower-span readers should 

have generally lower correlations. Thus, the overall correlation between span and 

plausibility-attachment correlation should be positive. 

For the traditional recall-criterion measure, r 33 = 0.39, p < 0.05 (two-tailed). This 

relationship is plotted in Figure 14 below. For the composite Z-score, r33 = -0.06, p > 

0.05. The traditional recall-criterion measure indicates an increase in the mean 

plausibility-by-attachment correlation as reading span increases. This is consistent with 

the use of Gricean norms in readers with a higher span. Crucially, this preference 

increases linearly with the plausibility of the structure, which suggests that, on the basis 

of the recall-criterion measure, not only do readers with a higher span pay attention to 

alternative structures, but they regulate their attention on the basis of plausibility. 

However, the failure to find this relationship with the processing-storage score - 

arguably the better measure of span - weakens this conclusion. 
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Figure 14: Traditional recall-criterion measure of span plotted against individual 

correlations of plausibility score and attachment preference 
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5.4 Discussion 

Hypotheses 

The first experimental hypothesis held that individual differences in attachment 

preference would be found. This was indeed the case: two items-analysis ANOVAs 

indicated strong differences (p < 0.001) in each of the questionnaires. This supplies the 

requisite variability for the second experimental hypothesis.  

The second experimental hypothesis was straightforward: the WCH RST will predict 

differences in the use of the plausibility of a Saxon genitive alternative version of an RC 

ambiguity, such that higher-span readers will show a preference for NP2. That is, a 

sentence such as I was surprised by the etching of the sculpture that was in the town 

hall contains two potential sites for that was in the town hall, etching (N1) and 

sculpture (N2). The sentence has a Saxon genitive alternative: I was surprised by the 

sculpture’s etching that was in the town hall. On the Connectionist Account of 

resources in parsing, it was suggested that the plausibility of the alternative structure 

will be imputed by participants with higher reading spans. The prediction is not 

consistent with the Single Resource account of Carpenter and colleagues (where the 

plausibility of alternative structures remains uncomputed in an initial analysis). As such, 

the current study provides evidence consistent the Connectionist Account. However, the 

crucial correlation reported in Figure 14, uses the recall-criterion measure of span rather 

than the processing-storage composite Z-score. On the basis of this positive evidence, 

the theory of Carpenter and colleagues would require modification to predict such a 

relationship; any theory of parsing (with the exception of the connectionist account of 

MacDonald and colleagues) would require modification. 

However, one measure of span supports the hypothesis and one does not. It would be 

useful to further examine the differences between the two.  

The DC RST provides only a recall-criterion measure of reading span. The WCH 

RST is designed (see The WCH RST, p. 122) to provide an additional measure that 

comprises processing speed for correct acceptability judgements, speed for incorrect 

judgements and the overall number of correctly-recalled items (the processing-storage 

score). While the recalled-based measure is susceptible to trade-offs – where a 

participant may shift resources towards recall at the expense of reading, for example – 
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the processing-storage score is less susceptible because it takes the average of the two. 

This is the singular advantage of the processing-storage score. However, though it does 

help to capture these trade-offs, there is no evidence here that individuals make such a 

trade-off. If a participant decides to perform superficially on one task and more 

carefully on the other, then – assuming a superficial task is performed faster or more 

poorly – a negative correlation should result between performance measures of both 

tasks. No such correlation was found (see p. 130). A trade-off should also lead to a 

positive correlation between overall percentage incorrect for the acceptability 

judgement and overall percentage of sentence final words recalled. No correlation was 

found (see p. 130). The primary reason for the construction of a processing-storage 

measure is to tackle such trade-offs in the reading and recall portions of the reading 

span task (Waters & Caplan, 1996b). However, it appears that there is no such trade-off 

in this sample. A second reason is that ‘poor performance may reflect relatively poor 

rehearsal rather than limited central processing resources’ (Waters & Caplan, 1996b). 

For the reasons outlined below, it is doubtful whether processing speed would remedy 

this issue. 

The traditional recall-criterion measure of span employed originally by Daneman and 

Carpenter (1980) was based on the assumption that free recall of sentence-final words 

would provide an index of an individual’s ‘computational space’ for language. The 

processing-storage measure employs, approximately, the same assumption, but includes 

processing speed. This is useful to control trade-offs (when these are present), but speed 

does not seem to have any independent theoretical value. Waters and Caplan (1996b, p. 

64) write: 

 

At span, some participants take an average of 2.2 sec to process difficult 
sentences, others take 11.5 sec. Some participants make no errors, others make as 
many as 75%. This shows that, on this variant of the reading span task, recall 
alone does not accurately reflect performance on the entire task. 

 

There is evidence that the speed at which an individual makes comprehension 

judgements may be influenced by intrinsic load (such as sentence complexity, which 

was replicated in this study, see p. 128), linear distance of a referent, and extrinsic load 

(such as concurrent maintenance of an unrelated word). In addition, RSVP studies show 

that aphasia-like performance can be induced in normal readers when presentation rates 

are abnormally high (Miyake, Carpenter & Just, 1994). However, this does not imply 
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that speed should be combined with recall to improve the accuracy of a the span 

measure because it is unclear whether one should hypothesize that higher-span readers 

read more quickly (to reach the recall stage before representations have degraded) or 

more slowly (as a general strategy to permit a more thorough comprehension of a 

sentence or derive richer representations of it). In the present study, there was no 

correlation between the recall-criterion span measure and mean RT for correct and 

incorrect acceptability judgements.  

The present study, then, may be described as positive evidence for the role of 

resources in the resolution of an RC-attachment ambiguity, and marginally favours the 

Connectionist Account of MacDonald and colleagues. The next empirical study will 

examine plausibility effects in an on-line study, the better to measure initial parsing. But 

before presenting that study, we will formalize the hypothetical differences between 

lower- and higher-span readers with the help of a computational model. This will 

investigate how resource constraints in a probabilistic serial parser might lead to 

qualitative attachment differences in lower- and higher-span readers. 

 

 



 

141 

CHAPTER SIX: MODELLING HYPOTHESES 

MODELLING HYPOTHESES 

Abstract 
Reading span research has benefited from attempts to model parsing in a resource-

constrained environment (Just & Carpenter, 1992; MacDonald & Christiansen, 2002). 

We will discuss two models: CC-READER (the symbolic, multiple-syntactic 

representation model of Carpenter and colleagues; see Just & Carpenter, 1992), and a 

Simple Recurrent Network (SRN; see Elman, 1990) presented by MacDonald and 

Christiansen (2002). Both attempt to explain the relationship between reading span (the 

DC RST) and on-line processing in a centre-embedded ambiguity (King & Just, 1991; 

see Complexity: Centre-embedded sentences, p. 79 of this thesis; and see below). It is 

suggested that the CC-READER framework is less consistent with the on-line data than 

the SRN. On this basis, a connectionist-inspired model of on-line processing in RC-

attachment ambiguities is presented. The task of the model is to make an attachment 

decision – high or low – at the point of the relative pronoun. The model comprises a 

syntactic processor and a contextual processor; these provide information for the current 

parsing solution. If the two processors are not in agreement, they compete with each 

other for control of a node that represents the parsing solution. When the node 

activation reaches a threshold level, the model is said to have reached a parsing 

decision. In higher-span readers, syntactic and contextual information are both 

processed quickly. In lower-span readers, resource constraints force predominantly 

syntactic processing while contextual processing lags behind. Where context and syntax 

compete for different solutions, higher-span readers will initially attach to the context-

congruent solution; lower-span readers, by contrast, will initially attach to the syntax-

congruent solution. The chapter ends with specific hypotheses that will be used as the 

foundation for the next empirical study. 



 

142 

6.1 Introduction 

6.1.1 Background 

Processing Complex Embeddings 

Sentences with centre-embedded object-relative clauses (44) are more difficult to 

process than sentences with right-branching subject-relatives (45) (Bever, 1970; Gibson 

& Ko, 1998; Holmes & O’Regan, 1981; King & Just, 1991). 

 

(44) The reporter that the senator attacked admitted the error. 
 

(45) The reporter that attacked the senator admitted the error. 
 

King and Just (1991) investigated the processing of this structure by participants who 

were classed as low-, medium- and high-span readers using the Daneman and Carpenter 

reading span task (DC RST; Daneman & Carpenter, 1980). Their findings had three 

aspects: (i) the high-span group read the main verb (admitted in examples (44) and (45)) 

more quickly than the low-span group; (ii) for all participants, the main verb was read 

more quickly in the subjective-relative version than in the object-relative version; (iii) 

high-span readers were faster on the main verb in object-relative structures, but there 

was no difference in reading speed between high- and low-span readers for the subject-

relative structure. For King and Just (1991) and Just and Carpenter (1992), these 

findings are consistent with a model of parsing that assumes a limited capacity: whereas 

the high span group had sufficient resources to interpret both sentence types, the low 

span group had only enough resources to process the easer subject-relative structure. 

These data have been criticized at length (see Complexity: Centre-embedded sentences, 

p. 79 for a review). The data are consistent with a limited single resource, but may also 

be explained with recourse to multiple constraints. Before examining a multiple 

constraint satisfaction (MCS) model of these findings, we will describe the CC-

READER model of Carpenter and colleagues. 

The CC-READER Model 

In Just and Carpenter’s CC-READER (1992) framework, capacity is defined as the 

amount of activation available within a limited system. Activation is a ‘commodity’ 
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available to both the processing and storage functions of verbal working memory. It is 

not quite a fuel, for it is not transformed, corrupted or destroyed. It is more analogous to 

money in a joint bank account. Withdrawals must be made for any language task; 

representations also cost money to ‘buy’ (i.e. encode) and maintain. This joint account 

has two owners: storage and processing. Before withdrawing or making a deposit, the 

two owners consider the account balance. There is no overdraft. Indeed, the bank 

manager is empowered to claw money back. 

Each representational element has an associated activation level. An element is 

defined flexibly as a ‘word, phrase, proposition, grammatical structure, thematic 

structure, object in the external world, and so on’ (Just & Carpenter, 1992, p 123; cf. 

Daneman & Carpenter’s ‘chunking’ hypothesis, described in Carpenter, Daneman, Just, 

Varma and colleagues: A single resource theory, p. 57 in this thesis). An element is 

anything that may be useful in a discrete form. If the activation level of an element rises 

above an arbitrary criterion, then it is considered an active constituent of working 

memory. Active constituents may be operated upon by any processing mechanism in the 

system. 

If the sum total activation plus the activation necessary for such a comprehension 

process exceeds the total activation permitted within the system, then some of the 

activation-holding older elements will be weakened by lowering their activation – a 

kind of forgetting by displacement. In this way, constituents that are required by later 

comprehension processes (e.g. an antecedent noun) may no longer be available. The 

‘trading’ relation between storage and processing occurs under an allocation scheme 

that takes effect when the activation maximum is about to be exceeded (an across-the-

board budget cut; a process in itself, which takes time and, indeed, activation to 

operate). 

Computations within the system are achieved using ‘production rules’ (Just & 

Carpenter, 1992, p. 123). The authors assert that the model is connectionist in spirit, but 

this is not the most accurate description. The model is essentially the implementation of 

a symbolic theory and does not conform to the conventions that collectively and loosely 

amount to a connectionist model. In particular, the production rules are symbolic and 

externally imposed. They do, however, work in parallel and, indeed, the majority of this 

model’s predictions result from the properties associated with distributed activations. 

The model is implemented using an architecture called CAPS. The simulation’s 

production rules are largely taken from a computational model of the processing of 
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successive words of a text during reading called READER (Thibadeau, Just & 

Carpenter, 1982). The resulting hybrid is termed CC-READER (Capacity Constrained 

READER). 

CC-READER was used to the model the King and Just (1991) findings. Just and 

Carpenter (1992) varied the amount of activation available to the production system as a 

way of representing ‘high span’ and ‘low span’. Simulation data are presented in Just 

and Carpenter’s (1992) Figure 9, p. 140. In short, processing cycles (i.e. time taken to 

integrate the current constituent into a parsing solution) matches well with reaction 

times – though no statistics were reported. 

We will now turn the SRN of MacDonald and Christiansen (2002).  

A Connectionist Account 

The Connectionist Account of MacDonald and colleagues provides an alternative 

account for the King and Just (1991) findings. They view higher-span readers as 

generally more experienced than lower-span readers. The former have encountered 

irregular structures more often. (Subject-relative structures are viewed as regular and 

object-relatives as irregular for reasons outlined in MacDonald and Christiansen, 2002, 

p. 40.) Increased reading times in lower-span participants can therefore be explained in 

terms of a Frequency by Regularity interaction (Pearlmutter & MacDonald, 1995; 

MacDonald and Christiansen, 2002; see also MacDonald, Pearlmutter, Christiansen and 

colleagues: A connectionist theory, p. 58 in this thesis). Put simply, lower-span readers 

have less experience of irregular structures and, therefore, experience more difficulty in 

processing them. 

This conclusion finds support in studies that indicate a greater role for plausibility 

information in higher-span participants (e.g. Pearlmutter & MacDonald, 1995; see also 

moderate support in Chapter Five, this thesis). In addition, Roth (1984) found that 

training with relative clauses improved participants’ ability to process them. This is 

consistent with Weckerly and Elman (1992), who trained a simple recurrent network 

(SRN; Elman, 1990) using one-clause sentence with one or more subject- or objective-

relatives. With equal experience of subject- and object-relatives, the network performed 

better on subject-relatives. 

MacDonald and Christiansen (2002) applied this framework to the findings of King 

and Just (1991). The architecture of this SRN is shown in Figure 15. 
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Figure 15: The SRN used by MacDonald and Christiansen (2002) 

 

The SRN is a standard architecture for recovering dependencies in time (McLeod, 

Plunkett & Rolls, 1998). We will examine its training regimen in detail because this is 

relevant to the grammatical representations it uses. It comprises layered artificial 

neurons1. During training, its task is to predict the next item in a series when it is 

presented with any item from that series. For example, each item may be a word in a 

sentence. Its task is to produce the immediately subsequent word. Because the network 

does not have the capacity to memorize all sequences, it is forced to solve the prediction 

task by identifying the underlying dependencies in the series. For language, these 

dependencies will correspond to the grammar that underlies the sentence. The network 

will use its knowledge of these dependencies to process novel sequences. 

It has a standard feedforward architecture. At time zero, all weighted connections2 

within the network are randomized with the exception of the weighted connections 

                                                 
1 An artificial neuron is typically a combination of two mathematical functions: (i) sum of input activation 

from other artificial neurons and (ii) an activation function (perhaps sigmoid) that transforms this input 
(McLeod, Plunkett & Rolls, 1998). 

2 These weighted connections, which may be positive or negative, further transform the output activation 
of a computation unit between the originating unit and the target unit (McLeod, Plunkett & Rolls, 1998). 

Input units (31 units) Context units (60 nodes)

Hidden units (60 nodes)

Output units (31 nodes) 
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between the hidden units1 and the context units (described below). These weights are 

fixed; in addition, the activation function of the context units is zero-gradient linear, not 

sigmoid2. The two properties mean that the pattern of activation across the context units 

will be an exact copy of the hidden unit representation pattern it receives. 

At time one, a word is presented to the network as a pattern of activation (vector) on 

the input units. Activation in the form of random noise is presented to the context units. 

Activation passes to the hidden layer and, on the way, is transformed by the weighted 

connections. The new pattern of activation on the hidden layer is a function of the 

weighted connections together with the activation function of each unit in the hidden 

layer. Next, activation passes through to the output layer. Simultaneously, the hidden 

unit activation pattern is copied to the context units and retained. The activation pattern 

on the output layer should correspond to the next word in the sequence. The discrepancy 

(‘delta’) between the actual activation and the target activation is calculated and used to 

update all the trainable weights in the network so that the discrepancy will be lessened 

when this particular input-output pairing is given in future (a delta rule learning 

algorithm known as back-propagation of error; Rumelhart, Hinton & Williams, 1986). 

At time two, activation passes through the network in an identical manner. However, 

the word presented to the input layer is passed on to the hidden layer with additional 

information: the context layer activation pattern. Because the context layer retains a 

faithful copy of the hidden unit activation from time one, the hidden units receives both 

the current word in the sequence and its context (from which may be derived its position 

in the sequence). In this manner, the network can utilize the time-dependent structural 

information contained in the context layer to aid its prediction task. 

The MacDonald and Christiansen (2002) used sentences generated using a 

probabilistic context-free grammar3 with a 30-word vocabulary. The grammar was 

based on English rules concerning ‘subject noun-verb agreement, present and past tense 

verbs that differed with respect to their argument structure…and subject- and object-

                                                 
1 Hidden units serve as intermediate processors between the neurons in the input layer and those in the 

output layer (McLeod, Plunkett & Rolls, 1998). They enable non-linnear mapping associations. 
2 The activation function is the second, and final, computation an artificial neuron performs. It describes 

the translation between the net input to that unit and its output. Thus, a linear activation function 
describes a straight-line relationship between net input and output. (If, as in the example in the text, the 
gradient of this line is zero then the artificial neuron will not transform its net input.) A sigmoidal 
function, on the other hand, contains a non-linear component and describes an S-like curve: a smoothed 
‘step’ function (McLeod, Plunkett & Rolls, 1998). 

3 This is a grammar where (i) the probability of the occurrence of particular structures is known and (ii) 
this probability is determined by the production rules instantiated in the parser (Harley, 1995). 
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relative clauses (allowing multiple embeddings with complex agreement structures)’ 

(MacDonald & Christiansen, p. 41). The subject- and object-relative structures occurred 

with equal probability (0.025 each). Ten SRN networks with different starting weights 

were trained on one of ten corpora (each generated using the grammar). Each corpus 

contained 10, 000 sentences. 

To simulate lower-, medium- and higher-span readers, networks were tested after 

one, two or three epochs1 of training. During testing, the network’s ability to predict the 

next word in a sentence was evaluated using grammatical prediction error (GPE; 

Christiansen & Chater, 1999a), which is calculated for each word and indicates 

processing difficulty at a given point in a sentence. This measure ranges from 0 to 1, 

and the authors suggest that it is analogous to reading time. Networks were tested on ten 

subject-relative sentences and ten object-relative sentences. These particular sentences 

had not been presented during training. 

The lower-, medium- and higher-span networks performed similarly in the easier 

subject-relative prediction task, with an increased GPE around the main verb as found in 

human reading times by King and Just (1991) and modelled in production cycles by 

CC-READER (Just & Carpenter, 1992). However, the networks diverged on their 

performance in the object-relative prediction task. Higher-span networks had 

significantly lower GPE than medium-span networks, which in turn had significantly 

lower GPE than lower-span networks. 

The SRN serves as useful demonstration of multiple constraint satisfaction: the 

future is constrained by the dependencies of the past. Its function highlights the 

potential role of a Frequency by Regularity interaction in complex embeddings, and 

perhaps grammatical processing in general. Although the lower-span networks 

encountered subject-relative sentences with the same frequency as higher-span 

networks, the latter were able to use their experience to construct a unique mapping 

strategy for subject-relatives. It also serves to underpin the authors’ claim that ‘first, 

capacity is not some primitive, independent property of networks or humans…but is 

instead strictly emergent from other architectural and experiential factors’ (MacDonald 

& Christiansen, 2002, p. 42). They go on write: ‘Second, capacity is not independent of 

knowledge, so that one cannot manipulate factors underlying the capacity of a 

network…without also affecting the knowledge embedded in that network’.  

                                                 
1 An epoch is a single presentation of the entire training corpus (McLeod, Plunkett & Rolls, 1998). 
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6.1.2 Operationalizing Hypotheses 

This chapter will outline a connectionist model that illustrates the influence of reading 

span in an on-line reading task. The on-line reading task will involve the processing of a 

RC-attachment ambiguity of the type discussed in the previous chapter. Because, on 

balance, the Connectionist Account of MacDonald and colleagues has marginally more 

empirical support (Pearlmutter & MacDonald, 1995; MacDonald & Christiansen, 2002; 

and the study reported in the previous chapter), we will examine the connectionist, 

interactionist perspective by presenting a model that has two, explicit global constraint 

processors: a syntactic constraint processor and a contextual constraint processor. 

Consistent with studies that show higher-span readers to process discourse-relevant 

information faster than lower-span readers (Calvo, 2001; Estevez & Calvo, 2000; see p. 

74 in this thesis), lower-span readers will be modelled using a network that processes 

contextual constraints more slowly; these readers will have had less opportunity to 

construct the irregular mapping strategy required for a contextual resolution. The 

higher-span network will be faster at processing this irregular mapping.  

The model will address the final decision-making stage in a relative clause ambiguity 

that has been presented according to a self-paced reading paradigm (see Chapter Seven 

for a more detailed description) from the point of ambiguity.  

6.1.2 Architecture of the WTA 

The Winner-Take-All (WTA) model (Wills & McLaren, 1997) was developed to 

provide time-course data of a categorization decision. The WTA is a simple 

connectionist model comprising two (or more) nodes (Grossberg, 1976). Each node 

represents a classification decision for a particular category served by the node. That is, 

in a task that involves sorting stimuli into two categories, each node corresponds to a 

category. The assumption is made that the evidence for a given stimulus may be 

represented by a single number, or magnitude term. This magnitude term is related to 

the number of stimulus features that identify its category membership.  
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Figure 16: The Winner-Take-All Model (Wills & McLaren, 1997) 

 

The model is illustrated in Figure 16. There are two nodes, O1 and O2. This model 

will divide stimuli into two categories. More nodes may be added. The activation of 

either node O1 or node O2 is determined by its net input (i.e. positive evidence for the 

category represented by that node), its fixed self-excitatory connection, and fixed 

inhibitory connections from neighbouring units. When activation exceeds a threshold 

parameter, the model is said to have reached a decision.  

O2 O1 
Fixed inhibitory link 

Fixed excitatory link 

Input activation 
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6.2 Method 

6.2.1 Architecture of the Threshold Parsing Model 

A similar model will be applied to the self-paced reading simulation: the Threshold 

Parsing Model (TPM, see Figure 17, below; and Appendix Seven for the source code). 

The primary difference between TPM and its progenitor is a variable rate of input that 

depends on the resources available to the evidence-collecting processors. In brief, the 

goal of the network is to model the parsing process from the point of ambiguity (the 

relative pronoun) in a global NP1-NP2-RC ambiguity. The network constitutes a single 

analysis. The syntactic evidence collector (arriving via nodes S2 in the critical example) 

favours a Late Closure strategy. It excites node O2 and inhibits O1. If O2 passes the 

decision threshold first, then Late Closure is the final decision. However, a context-

based solution presents itself a moment later. This chapter is most interested with the 

case when context favours a high attachment. This evidence collector, then, excites O1 

and inhibits O2. If the information arrives quickly enough, there is time for the network 

to turn the tide in favour of O1: the high attachment solution. The network is designed 

to make higher-span readers favour the context solution and low spans the syntactic 

solution. Once this decision is reached, the network stops. 

Another difference between the proposed model and its progenitor concerns the 

weighted connections. The goal of the TPM is well defined and its weights are 

idealized. The WTA, by contrast, functions as a categorizer where the categories may 

vary. Thus, the WTA uses the single-layer delta-rule to arrive at its optimal connection 

weights1. The TPM does not; its weights are fully excitatory or inhibitory, as shown in 

Figure 17. 

Key characteristics of the TPM model include: 

 

• Processing occurs over time; 

• Syntax is processed faster than context; 

• Syntax and context information build, reach asymptote, then decay; 

                                                 
1 In fact, this is not fully implemented in the WTA, but the magnitude term input (with modifications) is 

precisely equivalent to the output of a feature-detecting single-layer delta-rule network (Wills & 
McLaren, 1997). 
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• Syntax and context information compete. 

 

 

 

Figure 17: The Threshold Parsing Model (TPM) 

The Input Units 

The leftmost component of the TPM contains two pairs of input units (see Figure 17). 

The nodes are labelled C or S to indicate a context or syntax evidence collecting 

mechanism. The number that follows indicates the parsing solution: 1 represents 

attachment site one (…the servant of the actress who was on the balcony), the high-

attaching solution in the ambiguous sentence currently being processed, and 2 

represents site two (…the servant of the actress who was on the balcony), the low-

attaching solution. Thus, the value of C1 represents the amount of evidence from the 

context processor for a high attachment, whereas S2 indicates syntactic evidence for 

low attachment. This evidence changes over time. At time zero, evidence will for any 

solution be zero; from this point, however, evidence will begin to build. Evidence is 

represented as an activation vector over nodes C1, C2, S1 and S2. Activation increases 

C1 

C2 

S1 

S2 

O1 

O2 

Excitatory connections 

Inhibitory connections 
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until a peak has been reached, after which it falls. This behaviour has three 

characteristics: (i) a rate of incline, (ii) a maximum and (iii) a rate of decline. 

For any of the computational units in this first stage of processing, activation ranges 

from 0 to 1. Only nodes that receive input have a positive activation. If a node receives 

no input, its activation rests at zero. The sigmoid activation function for nodes C1, C2, 

S1 and S2 is described in (1): 

 

(1) 
xie

a Tneti ++
= − /1

1  

 

where i is any given computational node, e is an exponent function, net is the sum input 

(a single number that ranges from 0 to +1), t is a constant that influences the gradient of 

the sigmoid, and x is a constant that shifts the entire sigmoid positively along the x-axis. 

For the TPM, t = 0.1 and x = 5 (the complete parameter list will be given in 6.2.2 

Parameters, p. 153). The x constant is an addition that changes the default behaviour of 

the activation function, where that behaviour was the transformation of a number falling 

between -1 and +1 to a sigmoid lying from 0 to +1. With the x constant, the input to the 

function may range between 0 and +1 yet still yield the full sigmoid output.  

The Weighted Connections 

Nodes C1 to S2 are connected to the output nodes O1 and O2 by eight fixed-weight 

connections. The weights have two values: +1 and -1. Input from a given input node to 

a given output node is the product of the input node’s current activation and multiplied 

by their shared, weighted connection. For example, if the activation of input node C1 is 

0.6, this is multiplied by 1 to add 0.6 to the net input of O1. But C1 has an equally 

inhibitory connection to O2. Thus, any given input node will attempt to sway the 

decision state through both excitation and inhibition. 

The Output Nodes 

Each output node is recurrent. In addition, each inhibits the other. The total input to a 

unit i on update c is given by: 
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where ni,c is the total input to unit i on update c, vc is the total input activation from all 

input nodes multiplied by their weighted connections to output node i, and j is the 

identity of the competing node. The equation may be expressed verbally: let the total 

input to the current output unit be the incoming activation from all input units, added to 

its own activation on the previous update, minus the activation of all other output nodes. 

Given this input, the activation function to output unit i is calculated using either 

formulae (3) or (4). The first is used when net input is greater than zero, the second 

when it is less than or equal to zero. The formulae are: 
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where ni,c is the total input to unit i on update c and E and D are constants representing 

the rate of excitation and decay within the unit. In the TPM, E = 0.1 and D = 0.1. 

6.2.2 Parameters 

Differentiating higher-span readers from low 

Higher- and lower-span readers will differ in their ability to accumulate evidence for the 

syntactic and contextual solutions. This is because their resources are constrained to 

different degrees. 

In this model, we will assume that contextual and syntactic processing-storage 

employ a common resource. We will also assume that the idealized lower-span reader 

has half the resources of the idealized higher-span reader. What degree of resources will 

each reader devote to both processes? Intuitively, it would seem sensible to prioritize 

                                                 
1 The WTA includes another term, ri,c. This represents the noisy input produced by the magnitude term vi. 

This has been omitted because the magnitude term corresponds to evidence that a stimulus belonged to a 
category. In the TPM, this task is performed by the inputs to nodes C1-S2. 
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the collection of syntactic evidence above contextual evidence: in cases where a 

syntactic analysis can resolve the ambiguity, the parsing will be rapid and precise; 

contextual information should be invariably imprecise. In a miserly system, syntax 

should be processed with higher priority. To implement this priority, the TPM diverts 

more resources towards the syntactic evidence collector than towards the contextual 

evidence collector. 

This implies that both higher- and lower-span readers should devote more than half 

of their resources to syntactic processing. (Note that this would not be the case if 

syntactic and contextual processing require varying degrees of processing; this model 

assumes their equivalence.) Let us assume that the idealized higher-span reader has 20 

resource units. A conservative resource-allocation ratio would be a 55:45. This is 

equivalent to 10.5 memory units for syntax and 9.5 for context. If high spans prioritize 

syntax but still process language optimally, we might expect these 10.5 memory units to 

represent the minimum or more to carry out day-to-day parsing. This being the case, we 

would expect lower-span readers to aspire to 10.5 processing units in order to achieve a 

minimum standard in parsing. But there is evidence that lower-span readers also process 

context (Pearlmutter & MacDonald, 1995). Therefore, we can expect our idealized 

lower-span reader to divert a very high percentage of resources towards syntax and a 

small but significant percentage towards context: 95:5, or 9.5 memory units versus 0.5. 

This processing difference is represented in the model as the gradient of input 

activation to the first computational units, C1-S2. Gradients are plotted using the 

formula: 

 

(5) mxy =  

 

where y is the total processing state and ranges from 0 to 1 (from ‘no processing 

completed’ to ‘processing completed’), m is the gradient, x is time (each tick represents 

a single network update). In the present simulations, the parameter c, which indicates 

the intercept, is omitted. Because this model is time-based, input activation for nodes 

C1-S2 will not continue indefinitely. When the solution reaches an arbitrary threshold 

of 1, the input reduces along a negative gradient defined by the global parameter G.  

Figure 18 (below) shows the processing of an idealized higher-span reader and 

Figure 19 an idealized lower-span reader. For the purposes of this illustration, a higher-
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span reader’s total processing capacity is represented by a line with a gradient of 1. For 

the lower-span reader, is gradient is 0.5.  
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Figure 18: All processing allocations for the higher-span reader 
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Figure 19: All processing allocations for the lower-span reader 

 

These represent the sum evidence for a given syntactic or contextual solution. 

However, the information is transformed by the activation function of nodes C1-S2. 

They represent a confidence in the solution and are cautious with lower inputs. Without 

the imposition of a sigmoid on the above gradients, the model is at risk of forming a 

judgement too early or being sensitive to pieces of incorrect evidence. The sigmoid also 

exaggerates the difference between inputs with similar gradients; a small gradient 

difference will lead to greater difference in the overall activation of a given node. So far 

we have we have plotted the solution gradients without their decay function (a negative 

gradient described by the constant G). Table 13 shows the changing input state for a 
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higher-span reader (C1 and S2 are used in this example). Table 14 has the low span 

equivalent. 

 

Table 13: Example inputs and corresponding activations for nodes C1 and S2, high 

span 
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Table 14: Example inputs and corresponding activations for nodes C1 and S2, low 

span 
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The complete parameter list for the upcoming simulations is presented in Table 15. 

Only the input line gradients vary between low and high span networks. Note that 

though the absolute gradients have changed in the following table (high span total 

processing gradient is now 0.01, not 1) the proportions remain identical to those 

discussed above: high spans allocate 55% of resources to syntax and 45% to context; 

low spans 95% and 5%. 

 

Table 15: Parameters for the TPM 

 High Span Network Low Span Network 

Decision threshold for each output node 0.4 0.4 

Output node decay (D) 0.1 0.1 

Output node self-excitation (E) 0.1 0.1 

Total processing rate (as gradient) 0.002 0.001 

Context input gradient 0.0009 0.00005 

Syntax input gradient 0.0011 0.00095 

Input gradient decay (G) 0.002 0.002 

Sigmoid x-shift (x) 5 5 

 

 

Parameter Value 
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6.3 Results 

6.3.1 Input to C1-S2 

The parameters in Table 15 yield the following inputs to nodes C1-S2, shown in Table 

16, below. These inputs represent a situation where context and syntax are at odds; here 

the higher-span readers should make an initial mis-attachment to context, whereas low 

spans readers choose the correct solution first. 

 

Table 16: Input activations for the high span network 
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Table 17: Input activations for the low san network 
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The output activations for the high span network are given in Figure 20. 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1 500 999 1498 1997 2496 2995

Update

A
ct

iv
at

io
n

High attachment
Low Attachment
Threshold

 

Figure 20: Output activations for the high span network 

 

With a decision threshold of 0.4 (an arbitrary number), the initial syntactic solution 

computed is not sufficient for the language processor to commit. This is because of a 

build-up of an alternative context-based solution that inhibits the output node 

responsible for triggering the syntactic solution. The threshold is exceeded on update 

1121 (the iterations are continued until update 3000 for illustration only). 
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The output activations for the low span network are given in Figure 21. 
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Figure 21: Output activations for the low span network 

 

Here, the decision threshold is exceeded on update 435. The lower-span reader is not 

troubled by a competing contextual analysis because too few resources have been 

devoted to its solution. The result is an analysis that is (i) faster than the high span 

counterpart and (ii) correct first time. 

Although we are primarily concerned with the antagonism between a high 

attachment contextual solution and a low attachment syntactic solution, other ‘solution’ 

arrays should be presented to the network for the sake of completeness (note that, if a 

node is set to 1, the input to that node will build towards 1 along the gradient specified 

for the high/lower-span reader; once it has reached 1, the input will fall along a global 

negative gradient G; see Table 15). Table 18 shows several other input arrays of 

interest, in order: (i) context favouring low attachment, syntax favouring high; (ii) 

context and syntax both favouring high; and (iii) both favouring low. The first instance 

(i) should be a perfect mirror of the output activations reported above, and this is indeed 

the case: the decision threshold is reached on update 1121. The next, (ii) represents a 

doubly strong activation for the first output node because context and syntax both 

favour high attachment. A decision should be reached much faster. It is: on update 320. 

The last input state (iii) represents both solutions as low-attaching. Again, this is 

perfectly symmetrical with (ii) and should result in a decision on the same update. It 
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does. 

 

Table 18: Other input combinations of interest (higher-span reader) 
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The same input values were presented to the low span network and the results shown 

in Table 19, below. Note that the input gradients are shallower for the low span network 

(see Table 15). As with the high span network, the input combinations were thus: (i) 
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context favouring low attachment, syntax favouring high; (ii) context and syntax both 

favouring high; and (iii) both favouring low. The first (i) represents a reversal of the 

critical condition in Table 19, below. Syntax wins again on update 435. In the second 

(ii) condition, context and syntax work in concert and should push the network towards 

a fast high attachment decision. The decision is made on update 426. For the low span 

network, the concerted effort of context and syntax does not accelerate performance as 

dramatically as the high span network because context has little effect in the early stages 

of processing; indeed, on this graph there are two peaks. The first, and highest, peak 

represents the syntax solution: it is correct and fast. The second peak (or rather the early 

indications of it) represents the same high-attachment solution as related by the context 

processor. The third (iii) condition and the second (ii) are symmetrical. A Late 

Attachment decision is made on the expected update, 426. 

 



 

163 

Table 19: Other input combinations of interest (lower-span reader) 
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6.4 Discussion 

6.4.1 Predictions 

The key prediction of the TPM is that the idealized higher-span reader will initially 

parse an RC-ambiguity of the structure NP1-NP2-RC in way consistent with context. 

The idealized lower-span reader, on the other hand, will initially parse the structure in a 

manner consistent with a Late Closure principle. This stems from a more rapid 

processing of contextual information in the higher-span reader, which itself stems from 

a higher proportion allocation of resources towards context processing. 

This prediction is limited to sentences where context favours high attachment and 

syntax low. Table 18 and Table 19 show what the higher- and lower-span networks 

predict for differing inputs (differing contexts and sentences). We will summarize them 

here: 

 

Low attachment-favouring context; high attachment-favouring syntax. The 

idealized higher-span reader will act precisely in reverse of the critical condition 

described above. The syntactic solution will not exceed the decision threshold. The low 

attachment solution suggested by the context processor weakens the high attachment 

output node just in time (threshold exceeded on update 1121). The result is a slow high 

initial attachment decision. The idealized lower-span reader will experience a similar 

pattern of activation until around update 490 when context begins to tell, but activation 

has already passed through the decision threshold (on update 435). The result is a fast 

low initial attachment decision. 

 

High attachment-favouring context; high attachment favouring syntax. The high 

span will experience a rapid high-attachment solution as both sources of information 

converge (threshold reached on update 320). The result is a very fast high initial 

attachment decision. The low span will also experience a rapid high attaching resolution 

but not quite as rapid because contextual information is added at a slower rate (threshold 

reached on update 426). In addition, maximum activation will be lower for the low span 

than the high span. The result is a fast high initial attachment decision. 
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Low attachment-favouring context; low attachment-favouring syntax. This 

prediction is symmetrical to the previous one. Again, the low span will have a lower 

maximum activation than the high span. Both high and lower-span readers will make a 

fast low initial attachment decisions but high spans will be faster than low spans. 

6.4.2 The likelihood of finding these differences 

As we will attempt to uncover empirical corollaries to this model in the next chapter, it 

is worth discussing the likelihood of such differences emerging in on-line empirical 

data. Another way of the asking this question is: How robust is the model in respect of 

variation in its parameters? 

The answer is two-fold: the model is particularly sensitive to parametric variation, 

but the hypotheses themselves may not be. The most sensitive parameter(s) concerns the 

input gradients of the high and lower-span reader. In the earlier example, where the 

notion of gradient manipulation was first discussed (see 6.2.1 Architecture of the 

Threshold Parsing Model, p. 150), a gradient of 1 represent high spans and 0.5 

represented low spans. In testing, these gradients were reduced to 0.002 and 0.001 

respectively. The original gradients were too steep; they led to an almost simultaneous 

solution of context and syntax for the higher-span reader. The new gradients, being 

shallower, increase the displacement of these onsets so that syntax reaches asymptote 

significantly earlier than context. It transpires that these gradients cannot be too shallow 

either. A slight displacement for the higher-span reader becomes a massive 

displacement for the lower-span reader until context is processed hours after the 

idealized ‘participant’ has read the sentence. However, I would suggest that this 

sensitivity is limited to the model, not the hypothesis of differential resource allocation 

between the two readers. The model’s sensitivity to this parameter speaks to an 

ignorance of its range, not a problem with the hypothesis.  

Another problematic parameter is the decision threshold. Put simply, a higher-span 

reader with a lower decision threshold (which may result from experimental instructions 

to read quickly) is quite capable of mimicking a low span counterpart. This parameter is 

critical in the prediction that higher-span readers will need to reanalyse a sentence and, 

thus, read context-syntax discrepant sentences more slowly. However, such ‘quick 

decision’ higher-span readers should still exhibit a slow-down of processing for a 

syntactic resolution where a conflicting contextual resolution wrests for control, albeit 

briefly, of the decisive output node. 
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In terms of the next empirical study, the present simulation suggests two useful 

design constraints that should make differences between high- and low-span readers 

more pronounced: (i) any probe of the reading time difference between higher- and 

lower-span reader should take place as early as possible and (ii) the influence of context 

must be as strong as possible. 
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CHAPTER SEVEN: CONTEXT AND SPAN 

CONTEXT AND SPAN 

Abstract 
A self-paced reading experiment was used to determine the role of reading span in on-

line sentence processing of two-site relative clause ambiguities of the form NP1-NP2-

RC (e.g. Someone shot the servant of the actress who was on the balcony). Referential 

context was manipulated to favour a high or low attachment. Relative clause attachment 

was disambiguated grammatically at the verb following the relative pronoun that. This 

early disambiguation allows us to examine the immediate use of referential context. To 

be sure that the materials were sufficiently biasing, a separate sentence-completion 

study was performed. The results of the reading experiment indicated that no 

participants were influenced in their attachment decision by the referential context. In 

the model presented in Chapter Six, it was hypothesized that higher-span readers would 

show this influence (as a slow-down) because they may have more resources to perform 

extra computations before lower-span readers. However, there was no relationship 

between an individual’s reading span and the influence of referential context. 
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7.1 Introduction 
In this chapter, two empirical studies will be presented that attempt to examine the role 

of reading span in an ambiguous structure. Here we will sharpen the methodologies of 

previous chapters: (i) an on-line self-paced reading paradigm will introduce time 

pressure to make reading the task more difficult, which should magnify the differences 

between higher-span readers and lower-span readers; (ii) plausibility will be confirmed 

in an independent sentence-completion study prior to compiling materials for the on-

line task, which will ensure that the materials bias parsing strongly. 

This experiment was designed to test the hypotheses confirmed by the computational 

model in the previous chapter: that is, higher-span readers should be able to process 

contextual information at higher rate than lower-span readers. If this contextual 

information provides counter-evidence for the forced parsing solution (at the point of 

disambiguation) then we should be able to identify a processing cost at this point. 

Though the predictions of the model are many (see 6.4.1 Predictions, p. 164), we will 

focus on this contextual counter-evidenec condition because it is the acid test. 

The Single Resource Account (Carpenter and colleagues) would predict that RC 

parsing in higher-span readers will be influenced by referential context because these 

readers will have, relatively speaking, more resources with which to process other 

potentially useful sources of information. If the influence of context were important (it 

must be if it influences the sentence completion task) then one would expect higher-

span readers to begin processing it as soon as possible. Therefore, in comparison with 

lower-span readers, they should be more greatly influenced by context at the point of 

disambiguation immediately following the relative pronoun.  

The Connectionist Account (MacDonald and colleagues) would largely overlap with 

the Single Resource Account in this case. Higher-span readers have a larger 

‘computational space’ and should be bound to process contextual information that may 

impact the final parsing solution; referential information should be part of the irregular 

mapping strategy for the parsing of such structures. Lower-span readers will have fewer 

resources and, thus, should show a smaller or more limited effect. 

SSIR Theory would not predict differences between individuals because the WCH 

RST is not seen to measure the interpretative processes involve in on-line reading. That 
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is, while memory differences may play a role in processing this ambiguity, SSIR Theory 

would hold that the WCH RST cannot capture them. 

7.1.1 Contextual Processing 

Context has been seen to influence on-line reading in the use of elaborative inferences, 

but this influence tends to appear relatively long after the disambiguation point (see 

Calvo, 2001, and 3.3.3 The role of reading span in discourse processing, p. 74 in this 

thesis). A more controversial contextual effect concerns referential processing. A 

referential expression is any that contains a word that points to a referent. A referent can 

be anything within a domain. Consider the following example: 

 
(46) Michael is an arsonist. He set the house on fire. 

 

In the second sentence, the pronoun he points to the referent Michael. Theories that 

address the effects of referential context on parsing may be placed into two camps. The 

first would argue that initial parsing is guided by syntactic principles alone (e.g. 

Brysbaert & Mitchell, 1996; Frazier & Rayner, 1982; Konieczny & Hemforth, 1996); 

referential analysis occurs later. The second camp posits a role for referential processing 

in initial parsing (Gibson, 1998; Spivey-Knowlton & Tannenhaus, 1998). Within this 

group are researchers who suggest that contextual information may effect processing 

before syntactic principles (e.g. Altmann & Steedman, 1988; Crain & Steedman, 1985). 

Crain and Steedman’s (1985) seminal study provided evidence that prior contextual 

information is used to help process the complement clause vs. relative clause ambiguity, 

which takes this form: 

 

(47) Mary told the toy that… 
 

The word that may be interpreted as a conjunction that begins a complement clause (48) 

or a relative pronoun that begins a relative clause (49): 

 

(48) Mary told the toy that she would keep him forever. 
 

(49) Mary told the toy that was closest to pass the tea. 
 

While a complement clause is an argument that must be selected by a verb, noun, or 

adjective, a relative clause must modify a noun phrase.  
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The influence of referential context on initial parsing is still a matter for debate. Part 

of the problem lies with methodological technique. Mitchell, Corley and Garnham 

(1992) argue that non-initial context processing has sufficient time to take place if 

experimenters probe three or even two words distant from the point of ambiguity. On 

the other hand, studies that report no effects have been criticized for a failure to 

manipulate context strongly enough (Spivey-Knowlton & Tannenhaus, 1994). Support 

for the discourse-first theory comes from van Berkum, Brown and Hagoort (1999), who, 

in an ERP study, succeeded in eliciting a predicted P600/SPS effect in participants who 

encountered a sentence continuation whose resolution was inconsistent with the 

preceding referential context (see Event-Related Potentials (ERP), p. 28). This finding 

has been criticized because (i) filler items were omitted and (ii) presentation rate was 

comparatively slow (Brysbaert & Mitchell, 2000). As a result, participants may have 

developed unique reading strategies. 

Referential context has also been examined in multi-site relative clauses (e.g. 

Someone shot the servant of the actress who was on the balcony, Cuetos & Mitchell, 

1988). Zagar, Pynte and Rativeau (1997) created contexts that introduced either one or 

many actresses. They assumed that several actresses would create a bias towards an RC 

reading that would modify actress (because this would be useful to the reader). Zagar et 

al. examined French; like the majority of languages that have been subject to study, 

French seems to show an NP1 preference in multiple-NP RC ambiguities (see Mitchell 

& Brysbaert, 1998). Zagar et al. found a general NP1 bias that was irrespective of 

context. Discourse effects were revealed in answers to comprehension questions, which 

indicate belated processing of context. 

Because of the suggested weaknesses of the van Berkum et al. (1999) study, Zagar et 

al. (1997) is viewed as evidence against a discourse-first account. However, Desmet, de 

Baecke & Brysbaert (2002) noted that Zagar et al.’s study might have manipulated 

referential context too weakly: though Zagar et al. checked their manipulation with a 

sentence completion study and obtained a significant referential effect in the correct 

direction, there was only a 4% difference in NP1 bias between the two conditions. 

Desmet et al. repeated Zagar et al.’s design using Dutch materials. They constructed 

thirty pairs of sentences of the construction NP1 of NP2 RP VERB PP. Here is an 

example: 
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(50) NP1- disambiguation: De agenten verhoren de advieur van de 
politici die spreekt met een zachte stem. (The police interrogate 
the advisor of the politicians who speaks with a soft voice.)  

 

(51) NP2-disambiguation: De agenten verhoren de adviseur van de 
politici die spreken met een zachte stem. (The police interrogate 
the advisor of the politicians who speak with a soft voice.) 

 

While (50) forces an NP1 reading, (51) forces NP2. These sentences are both termed 

target sentences. They were preceded by contexts that could be either neutral (52), NP1-

biasing (53) or NP2-biasing (54). These sentences are presented in English for the 

reader’s convenience (using translations provided in Desmet et al.). 

 

(52) Neutral: The judicial police are investigating a political scandal. 
Some highly placed people are taken in for questioning. Given the 
fact that most people are cooperating, the investigation runs very 
smoothly. 

 

(53) NP1-biasing: The judicial police are investigating a political 
scandal. Two advisors, working politicians, are charged with 
fraud. Although one advisor is seized by panic, the other one 
remains calm. 

 

(54) NP2-biasing: The judicial police are investigating a political 
scandal. An advisor, working for politicians, is charged with fraud. 
Although some politicians are seized by panic, the other ones 
remain calm. 

 

The neutral context paragraph contains no mention of the nouns that will eventually 

be the potential sites in the target sentence; participants should remain uninfluenced. 

The NP1-biasing paragraph introduces two referents for the first NP site in the target 

sentence; participants should see the RC as a useful modification of NP1, which will 

help identify one of the two referents. The NP2-biasing paragraph introduces two 

referents for the second NP site in the target sentence, and participants should favour 

NP2 for the same reason. 

Desmet et al. confirmed the manipulation of referential context in a sentence-

completion study, where the target sentences were truncated at the RP (e.g. The police 

interrogate the advisor of the politicians who…). The plurality of the verb indicated 

participants’ preferred continuation. In the neutral context condition, NP1 bias was 

60%. In the late-closure context, this dropped to 39% (a 61% NP2 bias). In the early-
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biasing context, NP1 bias rose to 84%. This indicates a strong manipulation of context, 

which contrasts with Zagar et al.’s smaller effect. The same materials were then used in 

an eye-movement tracking study. No significant effects of referential context were 

found. Thus, while context had a strong influence on off-line preferences, it had little 

influence on on-line reading. On the face of it, this suggests that Zagar et al.’s 

conclusions were correct and van Berkum et al.’s incorrect for the reasons put forward 

by Brysbaert and Mitchell (2000), though it must be noted that van Berkum et al. 

examined a different type of ambiguity and might be exempted for this reason.  

However, this paradigm may be an instance where processing differs between 

higher- and lower-span readers. The Single Resource and Connectionist accounts hold 

that higher-span readers have sufficient resources to process non-syntactic information 

during initial parsing. If this is correct, then the on-line processing of referential context 

should provide a good test. Strong manipulation of context will be checked in a 

sentence completion study. If context does have an effect, then Single Resource and 

Connectionist accounts should predict that higher-span readers will begin to process this 

information earlier than lower-span readers. The SSIR Theory, however, would predict 

no influence of reading span, as the WCH RST is seen to measure postinterpretative, 

non-initial processing. 

Some research has already been carried out on the relationship between on-line 

referential processing differences and reading span. Lipka, Kopp & Pechmann (in press) 

compared participants’ performance on locally ambiguous German subject- and object-

relative clauses. The authors hypothesized that, if resources do play a role, referential 

context will affect the usual preference for subject-relatives. Participants were 

administered the Daneman and Carpenter (1980) reading span test (DC RST). Two self-

paced moving-window reading experiments found referential context to have a 

facilitative effect for both sentence types, but it did not reverse the initial preference for 

subject-relative interpretation. Performance on the reading test only influenced the 

speed of answering questions in one of the experiments. The study may have found no 

relationship between reading span and on-line processing because the DC RST was used 

rather than the WC RST (see 5.1.2 Methodological issues, p. 120). 
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7.2 Sentence Completion 

7.2.1 Introduction 

The sentence completion study was designated to confirm that referential context would 

significantly influence RC attachment in a two-site ambiguity of the form NP1-NP2-

RC. This used the method employed by Desmet et al. (2002), which was itself based 

upon Zagar et al. (1997). Desmet et al.’s materials were obtained1 and translated into 

Engish by a professional translator. This provided a framework for the materials in the 

present study. They were then edited. 

Context paragraphs, which preceded the target sentences, were either (i) neutral, (ii) 

early closure-biasing or (iii) late closure-biasing. Neutral contexts contained either no 

referents (twenty-seven instances) or only one possible referent for both NPs in the 

target sentence (three instances). Early closure-biasing contexts contained two referents 

for NP1 and one for NP2. Late closure-biasing context contained two referents for NP2 

and one for NP1. There were ninety individual context paragraphs. 

The design comprised thirty pairs of target sentences. Each target sentence took the 

form NP1 of NP2 RP VERB PP (e.g. The police interrogate the advisor of the 

politicians who speaks with a soft voice). Every target sentence was disambiguated at 

the verb, which agreed in number with either NP1 or NP2. In half the sentences, NP1 

was plural and NP2 singular. This was reversed for the other half. The NP1-attaching 

and NP2-attaching versions of the sentences were identical but for the verb, which was 

either singular or plural. Verb-agreement disambiguation is useful because it is purely 

grammatical. For the sentence completion study, the verb and its prepositional phrase 

(e.g. speaks with a soft voice) were omitted. A participant’s verb choice would indicate 

their attachment preference. (See Appendix Three for a complete list of materials.) 

There is empirical support for NP2 attachment in English RC ambiguities (e.g. 

Corley, 1995; Cuetos & Mitchell, 1988; Mitchell & Cuetos, 1991b; Gilboy et al., 1995). 

With the referential context manipulations here, we should expect the neutral context to 

influence this little, the early closure-biasing context to reduce or reverse NP2 

preference, and the late closure-biasing context to slightly increase NP2 preference. 

                                                 
1 With the kind permission of the first author, Timothy Desmet. 
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7.2.2 Method 

Participants 

Eighteen (18) participants were recruited from a first-year undergraduate psychology 

course. Only native speakers of International English were recruited.  

Materials 

Thirty target sentences were constructed using translated materials from Desmet et al. 

(2002). These sentences took the form NP1 of NP2 RP, e.g.:  

 

(55) Amnesty International honours the lawyer of the campaigners 

who is concerned about individual freedom. 

 

Sentences were preceded by one of three contexts: neutral (no referents for NP1 or 

NP2, or, rarely, one possible referent for both), early closure-biasing (two possible 

referents for NP1), late closure-biasing (two possible referents for NP2). Participants 

saw only one version of each context paragraph (neutral or early or late) according to a 

Latin-square design. Thus, there were three master questionnaires. Items within each of 

the three questionnaires were randomly ordered. Here is an example of a neutral context 

paragraph (which precedes (55)): 

 

(56) There is international concern about the abuse of human rights. In 

South America, a taskforce is set up to recognize those people 

who contribute to upholding human rights. It makes 

recommendations to well-known agencies. 

 

There were 30 experimental items in a given questionnaire. To distract participants 

from the experimental manipulation, 40 filler paragraphs were constructed that bore a 

surface resemblance to the experimental items and were of comparable length. These 

paragraphs truncated pseudo-randomly during the fifth sentence. 

 Materials were presented using a paper questionnaire. 
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Procedure 

Participants completed the questionnaires in a quiet room. Written instructions were 

provided on the first page. Participants were asked to provide ‘[the] first plausible 

continuation that comes to mind’. To ensure that the verb chosen by the participant 

would disambiguate the RC, participates were asked ‘to make the continuation similar 

in style and tense to the original’. An example continuation was provided.  

7.2.3 Results 

For each participant, a NP1 bias (expressed as a percentage) was calculated. Table 20 

shows the NP1 bias for continuations that followed neutral, early closure-biasing and 

late closure-biasing paragraphs. 

 

Table 20: Mean NP1 bias as a function of context paragraph 

 Mean Range SD 

Neutral 34.1% 0 – 70 23.3 

Early 65.4% 30 – 100 20.1 

Late 25.2% 0 – 64 14.8 

 

When the context was neutral, NP1 bias was 34.1%. This is consistent with studies 

that show a Late Closure bias in two-site RC ambiguities (see Mitchell & Brysbaert, 

1998). Following an early biasing-context, NP1 preference is increased by more than 

30%. This is in the direction we would expect. It might have been the case that the late-

closure context would influence continuation in much the same way as the neutral 

context, but in fact it it increases the late closure bias by nearly ten per cent, so that 75% 

of participants favour an NP2 continuation when the target sentence is preceded by such 

a context. 

Three planned, pairwise T-tests were performed to confirm that the differences 

between the contexts are reliable. The results are summarized in Table 21. 
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Table 21: T-tests showing the differential effect of context on NP1 bias 

T-test T df p (two-tailed) 

Neutral vs. Early 

context 

5.07 17 < 0.001 

Neutral vs. Late 

context 

2.05 17 0.056 

Early vs. Late 

context 

6.77 17 < 0.001 

 

 Table 21 shows a reliable difference between neutral and early contexts (T17 = 5.07, 

p < 0.001). Similarly, the difference between early and late contexts is reliable (T17 = 

6.77, p < 0.001). There is a marginally unreliable difference between neutral and late 

contexts (T17 = 2.05, p = 0.056), though this is not surprising given the tendency 

towards Late Closure in English.  

7.2.4 Discussion 

The sentence completion study has confirmed the expected referential biases of the 

neutral, early closure-biasing and late closure-biasing contexts. For the sentence 

completion component of Zagar et al.’s (1997) study, early closure-biasing context 

produced an 89% NP1 bias (NP1 being the general tendency in the resolution of French 

two-site RC constructions), whereas their late closure-biasing context reduced this to 

85%. Though this difference was significant, it is a swing of only 4%. For Desmet et al. 

(2002), the late closure biasing context swung NP1 preference (NP1 also being the 

general tendency in Dutch) from 83% following early contexts to 39%, which is a swing 

of 44%. In the study presented here, where English readers generally prefer Late 

Attachment, late biasing-contexts produced an NP1 bias of 25% and early biasing-

contexts 65%, which is a swing of 40%. Like Desmet et al., the difference is significant 

at the five per cent level.  

Thus, the materials are sufficiently biasing in terms of their direction and strength. 

We can now proceed examine whether their effect in an on-line study may vary with 

reading span. 
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7.3 On-line referential effects 

7.3.1 Introduction 

With the referential context biases confirmed, the materials were presented to a separate 

group of participants in an on-line self-paced reading task. Materials were identical to 

those used in the previous study, but the target sentences were resolved to force either 

an NP1 or NP2 attachment. The sentences were disambiguated grammatically on the 

basis of number agreement between either NP1 or NP2 and the verb following the 

relative pronoun (RP). The disambiguating verb immediately follows the point of 

ambiguity (the RP), which should ensure that the probe captures initial processes early 

on, which was implied by the model in the previous chapter as the optimum probe point. 

The self-paced reading task presented stimuli in randomly-sized segments to counteract 

length effects. 

Participants were presented with the Waters, Caplan and Hildebrandt (1987) reading 

span test (WCH RST). This has several advantages over the Daneman and Carpenter 

(1980) reading span test (DC RST) (see 5.1.2 Methodological issues, p. 120). As 

codified by the TPM model, both the Single Resource and Connectionist Accounts 

would hypothesize that, if higher-span readers can process contextual information on-

line, their reading times should show the influence of referential context: where these 

conflict with the disambiguated structure, reading times will slow as the result of a 

garden-path effect. This should not be the case for lower-span readers, who lack the 

resources to begin contextual processing so early. SSIR Theory would predict no such 

difference, as the authors posit that the WCH RST does not tap the resources involved 

in initial parsing. 

7.3.2 Method 

Participants 

Forty-two (42) participants were recruited from a first-year undergraduate psychology 

course and other undergraduate courses at the University of Exeter. Only native 

speakers of International English were recruited. All participants received course credit 

for their participation. 
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Materials 

The materials comprised context paragraphs (neutral, early closure-biasing and late 

closure-biasing) and target sentence (NP1 disambiguating or NP2 disambiguating). This 

is a 3x2 factorial design, which gives six possible sets of materials. Participants saw 

only one set according to a Latin-square design. 

Any given participant saw 30 experimental items. These were mixed with 40 filler 

paragraphs (matched for length and style). Stimuli were then randomized within each of 

the six conditions. Each experimental item was followed by a sentence that was 

identical for each condition. 

Stimuli were presented in randomly-sized chunks. The smallest chunk was 1 word, 

the largest 17, with a mean of 3 (SD 2.26). However, to control for segmentation 

spillover effects into the probe region, segmentation of the experimental items was 

constrained by the following rules: (i) the segment prior to the disambiguating verb 

must be three words in length; (ii) the segment containing the disambiguating verb must 

be two words in length; (iii) the following segment must be two words in length. In 

other words, the critical segments would be presented like this (Table 22): 

 

Table 22: Non-randomly segmented regions in self-paced reading study 

Segment Time 

the man who t 0 

arrives always [disambiguating verb] t 1 

on Thursdays  t 2 

 

Stimuli always fitted on a single line. 

Procedure 

For the self-paced reading task, participants used a standard IBM compatible PC 

running Microsoft Windows. Stimuli were presented using DMDX software developed 

at Monash University and at the University of Arizona by K. I. Forster and J. C. Forster. 

Instructions were presented on-screen. Participants were told that the experiment 

concerned mobile phone text messaging behaviour. The instructions continued: “These 

messages are typically ‘chopped up’ into separate units. One of the purposes of this 

experiment is to investigate how well people can read these units.” Participants were 



 

179 

then told to expect a series of paragraphs that were broken in randomly-sized pieces. 

These pieces would then be presented individually. Participants were told, “Read each 

segment as quickly as you can, but do not proceed to the next segment until you have 

understood the previous one.” 

The division between one paragraph and the next was marked by a blank screen with 

a single line of asterisks. Participants were asked not to rest at these points, but use the 

‘Rest Stops’ that appeared the one quarter-, halfway- and three quarter-points, where the 

experiment would not continue until signalled by a keypress. Comprehension questions 

of a yes-no form appeared at random intervals (randomized separately within each of 

six conditions). Here is an example: 

 

Was the neighbour watering flowers? (Y)es (N)o 

 

Participants pressed the Y key indicate a positive response the N key to indicate a 

negative one. Comprehension questions referred to factual information presented in the 

context paragraph prior to the target sentence. There were 24 questions in total. Thus, 

the probability that a paragraph would be followed by a question was 24 in 70, or 34%. 

Participants took around three quarters of an hour to complete the self-paced reading 

task. 

Participants were also administered the Waters, Caplan and Hildebrant (1987) 

reading span test. It was presented according to the procedure outlined in The WCH 

RST (p 122). Half the participants completed the span test first and the remaining half 

completed it second. 

7.3.3 Results 

Reading Span 

Table 23 shows general descriptive statistics for the WCH RST. Note that 61% of 

participants would be classified as lower-span readers (≥ 2.5 on the recall-criterion 

component). One participant’s data has been excluded because her percentage of correct 

acceptability judgements was 10%. 
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Table 23: Span Score and Overall Number Correct for the Reading Span Test 

Reading Span Score (marked as DC 

RST) 

 No. of correctly-recalled sentence-final 

words 

 Measure Range Mean SD  Range Mean SD 

Combined 1 – 6 2.6 1.1  29 – 68 (of possible 

80) 

45.2 12.2 

CS Span 1 – 4.5 2.4 0.9  8 – 18 11.8 3.0 

CO Span 1 - 5 2.6 1.1  7 – 18 11.5 3.0 

OS Span 1 – 6 2.3 1.3  5 – 20 11.6 3.5 

SO Span 1 – 5.5 2.5 1.1  5 – 18 11.4 3.1 

 

 

Table 24 shows the acceptability judgement reaction times. Participants were 

significantly faster on the cleft-subject sentences (CS; the least complex), compared 

with subject-object sentences (SO; the most complex): T40 = 8.11 (p < 0.001). However, 

this effect of sentence complexity did not extend to the number of sentence-final words 

that were correctly recalled (T40 = 0.62, NS). 

 

Table 24: Acceptability Judgement Reaction Times 

Measure Range Mean RT

(msec) 

SD 

Overall 3719 – 7957 5245.8 1264.7 

CS Span 2510 - 10259 4260.0 1453.0 

CO Span 3152 – 8150 4932.7 1333.6 

OS Span 4411 – 8081 5091.8 1224.9 

SO Span 4255 - 10867 6085.2 1690.8 

 

A composite Z-score, together with subtype Z-scores, were calculated for each 

participant. This measure is an unweighted average of (i) mean correct reaction time on 

the acceptability judgement, (ii) mean incorrect RT on the same judgement and (iii) 

number of items incorrectly (i.e. not) recalled. The higher this value, the worse the 

score. It is designed to incorporate both processing and storage. Additionally, it should 

be less susceptible to strategic trade-offs (see The WCH RST, p. 122).  
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Table 25 shows the correlation between recall-only measures of span and the 

processing-storage measures. As anticipated, the correlations between a recall-criterion 

subtype and its Z-score counterpart are significant (e.g. for CS and ZCS, r = -0.326, p < 

0.05).  

 

Table 25: Correlations between recall-only span measures and Z-score measures 

   SPAN CS OS SO CO ZSPAN ZCS ZOS ZSO ZCO 

SPAN r 1 -.073 .115 -.100 .228 -.036 .022 -.129 .017 -.187 

CS r  1 .218 -.065 .139 -.273** -.326** -.342** -.196 -.170 

OS r   1 .371* .209 -.533* -.300** -.513* -.365* -.354** 

SO r    1 .342** -.419* -.143 -.188 -.491** -.454** 

CO r     1 -.222 -.387* -.117 -.123 -.284** 

ZSPAN r      1 .649* .623* .914* .792* 

ZCS r       1 .520* .466* .504* 

ZOS r        1 .454* .565* 

ZSO r         1 .763* 

ZCO r          1 

*  Correlation is significant at the 0.05 level (1-tailed). 

**  Correlation is significant at the 0.01 level (1-tailed). 

The self-paced reading task 

Several RT measures were extracted from the probe region of target sentences. As 

suggested by the previous model, the primary probe region is the segment that begins 

with the disambiguating verb. The region was labelled D. The subsequent randomly-

sized segments that followed it were labelled D+1, D+2 and D+3. Not all target 

sentences had a D+2 or D+3 region. In order to remove the effect of length from these 

regions, a regression was performed between display size (number of words in a 

segment) and RT for each participant. This allows us to estimate the amount of time a 

participant spends ‘normally reading’ a single word. Then, for a given display size, it 

should be possible to calculate how much of the RT is attributable to display size alone. 

The remainder should represent the effect of other factors: if the remainder is negative 

then we can say that the participant took less time to read the segment than would be 

expected on the basis of its display size alone; if it is positive then the participant is 

being slowed by factors independent of display size. 
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In the data presented here, datapoints beyond 2 SD were eliminated (e.g. Pearlmutter 

& MacDonald, 1995). Mean accuracy on the comprehension questions was 78%, which 

is sufficient to suggest that participants read the materials.  

Figure 22, below, shows the mean RTs for each condition at the disambiguating 

region (labelled ‘D’; this is where the participant encounters the disambiguating verb)1. 

Error bars represent a 95% confidence interval. The category axis for Figure 22 (a) 

shows first the target sentence disambiguation and, below that, the context paragraph 

bias. The means are consistent with an effect of discourse on on-line reading: (b) neutral 

context has no relationship with target sentence continuation; in (c) and (d), however, 

concordant context bias and target sentence continuation (e.g. both high or both low) 

lead to a faster reading than would be anticipated on the basis of segment length alone – 

and when these two manipulations are discordant, reading times are slowed. 

                                                 
1 In previous studies, an ANOVA was performed to confirm the presence of prerequisite individual 

differences in attachment preference. This was not performed on the data in this study because (i) 
isolating individual differences from the rest of the design proved problematic and (ii) any individual 
differences might be traced to speed differences rather than attachment preferences. 
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(d) 

Figure 22: Means by condition for region D (point of disambiguation) 

The same means are presented for regions D+1, D+2 and D+3. However, because 

these samples are comparatively late, they may be subject to early secondary-processing 

and therefore less indicative of immediate discourse effects. The means are presented in 

Figure 23, below. There is some evidence that contextual information is generally 

helpful. Additionally, participants increase their reading speed towards the end of the 

sentence. 
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A 3 x 2 repeated-measures ANOVA (context bias by target sentence continuation) 

was performed. Segment-length adjusted RTs were used as the dependent measure. The 

analysis was repeated for each region, although region D is most critical. There was a 

main effect of context in regions D (F 2, 82 = 6.04, p < 0.05) and D+1 (F 2, 82 = 11.12, p < 

0.05), but not D+2 (F 2, 82 = 1.14, NS) or D+3 (F 2, 82 = 2.43, NS). There was no main 

effect of target sentence continuation in any region: D (F 1, 41 = 0.17, NS); D+1 (F 1, 41 = 

0.41, NS); D+2 (F 1, 41 = 0.57, NS); D+3 (F 1, 41 = 3.6, NS). 

The crucial test of on-line discourse effects is the interaction of paragraph context 

and target sentence continuation. There was no such interaction in region D (F 2, 82 = 

1.07, NS) or any other: D+1 (F 2, 82 = 0.78, NS); D+2 (F 2, 82 = 3.7, NS); D+3 (F 2, 82 = 

2.3, NS). 

However, a further planned contrast was performed. For discourse effects to occur, 

concordant context and target sentence continutation (e.g., an early bias coupled with an 

early-disambiguating continuation) should lower reading times compared with 

discordant context-target pairings. This contrast omits the neutral paragraph context 

condition. The contrast was not, however, significant for region D: F 1, 41 = 2.4 (NS). 

(Or any other: D+1, F 1, 41 = 1.13, NS; D+2, F 1, 41 = 3.1, NS; D+3, F 1, 41 = 0.1, NS.) 
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Figure 23: Means by condition for regions D+1 to D+3 
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It is possible that these interactions are not significant because the sample is 

composed largely of lower-span readers (61% have a combined span score of 2.5 or 

less). 

The influence of span on the self-paced reading task 

Because of the particularly uneven distribution of higher and lower-spans participants, 

an ANOVA would have been misleading. As a simple equivalent, a new measure was 

computed for each participant – essentially, an ‘effect of context’ (EOC) score – and 

correlated against reading span. If higher-span readers do indeed enjoy the resources to 

assimilate context information, then their EOC should be higher. That is, as span 

increases, EOC should increase too. Lower span readers should have lower EOC scores. 

The EOC score derived thus: 

 

( ) ( )TLowPLowPLowTHighTHighPHighTLowPHigh CCCCEOC ,,, −+−=  

  

Where C is condition and may range from 1 to 6 (the permutations of the 3 by 2 design). 

Condition is indicated by its subscript: PHigh is a high-attachment biasing context 

paragraph, PLow a low-biasing one; THigh is a high-attachment forcing target sentence, 

whereas TLow forces low. This is equivalent to a subtraction of condition 3 from 4 

added to a subtraction of condition 6 from 5. This measure addresses an ‘effect of 

context’ because, for the high-biasing paragraph, the residual of  

 

( )THighPHighTLowPHigh CC ,, −  
 

should be a positive number that represents the residual reaction time due to context – 

the only thing that differs between the conditions. The same is true in the second part of 

the equation. 

One-tailed Pearson correlation coefficients for region D were not significant for the 

recall-criterion span score (r 41 = -0.09, NS) or composite Z-score (r 41 = -0.06, NS). No 

other regions showed a significant correlation. According to the Threshold Parsing 

Model in the previous chapter, region D is the point where processing differences 

between higher- and lower-span readers should be most acute. None of its predictions 

(see 6.4.1 Predictions, p. 164) were found. 
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7.3.4 Discussion 

This chapter presented a study that examined on-line referential processing. A context 

paragraph introduced referential information that biased attachment behaviour in an 

NP1-of-NP2-RC ambiguity. In the first part of the study, a sentence completion task 

confirmed that the referential context was sufficient to introduce a bias. In the second 

part, the same materials failed to replicate the same bias in an on-line study. There was a 

main effect of context in this study irrespective of span: neutral contexts were read more 

slowly, probably because, unlike the biasing contexts, they tended not to mention the 

entities later used as referents in the target sentence. There was no main effect of target 

sentence continuation. Crucially, however, there was no interaction between context 

paragraph and target sentence continuation; referential context information would make 

it easier to read context-target concordant items (e.g. early closure-biasing contexts and 

early closure-disambiguating target sentences), harder to read context-targt discordant 

items. Additionally, neutral contexts should have no effect on the reading of target 

sentence continuations. A supplementary planned contrast, which omitted the neutral 

paragraph context condition, also failed to reach significance. 

So far, this supports the findings of Zagar et al. (1997) and Desmet et al. (2002), 

both of whom found no evidence of referential processing in on-line reading. The 

contextual manipulations in the present study were comparable to Desmet et al. (who 

reported a swing of 44%, which stands next to the 40% in the study presented here). 

However, all these samples are likely to be dominated by lower-span readers, and so 

further analyses were performed to identify the role of resources in on-line referential 

processes. 

The Single Resource and Connectionist Theories of reading span, which are both 

interactionist theories in the vein of the connectionist simulation presented in the 

previous chapter, should predict that readers with a higher span will begin to process 

context at a comparatively early stage. Where referential context effects are strong, this 

processing should be in evidence at the point of disambiguation: participants are 

instructed to continue only when the current segment is integrated into their ongoing 

syntactic framework, so the onset of referential processing should slow them down. If 

context shows an effect later than this point, it may be due to secondary processes (as 

elaborative inference processing is likely to be; Calvo, 2001). An ‘effect of context’ 

(EOC) score was calculated by subtracting RTs by condition such that a positive score 

would indicate an RT increase due to discordant context, and vice versa. This was 
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correlated against the traditional recall-criterion score and the composite Z-score (which 

combines recall and RTs from the acceptability judgement). No significant correlation 

was found (for the recall-criterion span score: r 41 = -0.09, NS; for the composite Z-

score: r 41 = -0.06, NS). Thus, the reading span of the participants in this study did not 

predict their susceptibility to referential information in a self-paced reading task. 

Implications for the span accounts 

Single Resource Theory and Connectionist Accounts 

The Single Resource Theory of Carpenter and colleagues would predict that readers 

with a higher span would have the capacity to integrate such referential information. 

For, if they integrate cues like animacy faster than lower-span readers, why would they 

wait to integrate referential information? The Connectionist Account of MacDonald and 

colleagues would also predict a correlation between the EOC score and span: referential 

information is a cue (or ‘constraint’), and if such a cue is used during initial parsing, 

then its influence should be in evidence at the point of disambiguation. Perhaps the 

strongest criticism these researchers would have, which is that the contextual cues were 

not sufficiently strong, has been dealt with convincingly by the sentence completion 

study. Overall, the present findings are problematic for those who claim that the reading 

span test taps the resources used in sentence processing. 

SSIR Theory 

The Separate Resource Theory of Waters and colleagues would anticipate these results. 

While the researchers may remain agnostic on limited psycholinguistic resources and 

their influence on on-line referential processing, they would not anticipate a correlation 

between the EOC score and reading span because the WC RST does not, for them, tap 

on-line psycholinguistic resources.  
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CHAPTER EIGHT: GENERAL DISCUSSION 

GENERAL DISCUSSION 
 

One who journeying 
Along a way he knows not, having crossed 
A place of drear extent, before him sees 
A river rushing swiftly toward the deep, 
And all its tossing current white with foam, 
And stops and turns, and measures back his way. 

      Homer 
The Iliad (Book V, l. 749) 

8.1 Conclusions 

8.1.1 Measuring Back the Way 

In this final chapter, we will draw together the elements of this thesis and identify what 

conclusions can be made, how strongly, and how these conclusions impact upon the 

fields of parsing and working memory. 

From its outset, the work presented in this thesis was intended to identify and pursue 

the role of resources in initial parsing (1.2 Thesis Plan, p. 13). This built upon research 

that indicates the presence of individual variability (e.g. Cuetos, Mitchell & Corley, 

1996; Mitchell, 1994; Orza and Santos, 1999; Desmet, Brysbaert and De Baecke, 2002; 

Hultsch, Hertzog, Small, McDonald-Miszczak & Dixon, 1992; MacDonald, Just & 

Carpenter, 1992; Just & Carpenter, 1992; Pearlmutter & MacDonald, 1995). And, 

indeed, these individual differences were an active force within each empirical study. 

The central question was: Do these individual differences reflect working memory 

differences? The thesis has attempted a genuine and thorough investigation of this 

question; it is as much a document of the research process as it is of the phenomena 

under scrutiny. No conclusive differences were found. But should the hypothesis be 

rejected? That is, are the non-significant findings due to the non-existence of such a 

relationship or merely the failure to find it? Certainly, there is evidence for this 

relationship (e.g. King & Just, 1991) but there are also failures to find this link (e.g. 

Waters & Caplan, 1996a,b,c). 
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In this final chapter, we will examine (i) the worth of the studies presented here and 

(ii) the potential for further research (with advice). Table 26 provides an overview of the 

present research.  
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Table 26: A summary of this thesis: Question, method and answer 

Chapter Question Method Answer 

One: Thesis Plan    
Two: Literature 

review of parsing 
Do stable individual 

differences in parsing 
exist? 

Review Yes 

Three: Literature 
review of reading 

span 

Is there evidence for the 
role of working 
memory capacity in 
parsing? 

Review Partial 

Four: Resources 
and plausibility 

in RC attachment 

In the resolution of 
globally ambiguous 
(GA) RC-attachment 
ambiguity, does (i) 
sentence type, (ii) 
presence of adjectival 
modifier or (iii) type 
of determiner interact 
with reading span? 

Off-line 
questionnaire 
study and the 
DC RST 

Some interactions 
were found but did 
not appear to have 
a consistent 
theoretical basis. 

 
Reliable individual 

differences. 

Five: The 
plausibility of 

alternative 
structures 

In the same GA RC 
ambiguity, do higher 
span readers parse 
parallel constructions 
where these may 
provide a clue to the 
current solution? 

Off-line 
questionnaire 
and WC RST 
(conducted in 
two phases), 
plus plausibility 
analysis 

Significant as-
hypothesized 
relationship for the 
recall-criterion, 
but no such 
finding for the 
processing-storage 
Z-score. 

 
Reliable individual 

differences. 
Six: Modelling 

hypotheses 
What might the internal 

processing 
differences between 
higher and lower 
span readers look 
like, and how would 
they manifest 
themselves in on-line 
reading? 

Connectionist 
model. 

(i) Resource 
differences may 
appear very early 
at the point of 
disambiguation. 
(ii) Non-syntactic 
information must 
be strongly 
manipulated. 

Seven: Context 
and Span 

Do high span readers 
have the capacity to 
incorporate 
contextual 
information on-line? 

On-line self-
paced reading 
study and WC 
RST, plus 
sentence 
completion 
study 

No. 
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In the second chapter (p. 18), the thesis proper began with an examination of current 

theories of parsing. For example, Construal (Frazier & Clifton, 1996) and Tuning 

(Mitchell & Cuetos, 1991a; Cuetos, Mitchell & Corley, 1996) were tested against 

evidence of individual differences in parsing. These differences – reported in the 

literature and certainly found here – are problematic for universalist theories that 

suggest essentially identical processing between individuals. Construal has difficulty 

with any form of variability; Tuning has difficulty with differences within the same 

population (see 2.4.1 Language differences in parsing, p. 42). Individual differences are 

cracks in the wall of established theory. Might these cracks be memory? 

We know that processing resources are prerequisite for cognition (e.g. Carpenter, 

Miyake & Just, 1994). We know they can vary. The second chapter built upon this 

deduction. We discussed the Daneman and Carpenter (1980) reading span test (DC 

RST). This seminal test, a test of verbal working memory capacity, was identified as the 

best candidate for individual differences in reading memory. But what does it measure? 

Perhaps it taps a resource that the initial parsing component of reading also taps; 

perhaps there is a trivial task overlap between the two (see 3.2.4 Interpreting 

correlations between resource measures and task measures, p. 61). However, amongst 

the wealth of empirical attention the test has collected, Daneman and Merikle’s (1995) 

meta-analysis noted that mathematical process-storage tasks correlate almost as well as 

the reading span task with specific measures of comprehension. This point (that 

processing and storage are important, not words) is well-made, though such 

mathematical process-storage tasks may rely on verbal processing (Baddeley, Logie, 

Nimmo-Smith & Bereton, 1985). We also considered the warning of Navon (1984), 

who suggests that resource theories may be a theoretical ‘soupstone’ (see 3.2.3 Navon’s 

soupstone, p. 60). But, overall, the contention that the reading span task taps a 

processing and storage arena used in reading remained a sensible hypothesis. 

We ended the chapter with a detailed discussion of King and Just’s (1991) contention 

that higher-span readers were, in comparison with lower-span readers, able to avoid a 

garden-path effect by reading the meaning of a sentence more deeply. Other studies, 

too, suggested a role for verbal working memory (as measured by the DC RST) in Main 

Verb/Reduced Relative (MV/RR) and RC-attachment ambiguities (Just & Carpenter, 

1992; and see Syntactic ambiguity (1): Main-Verb/Reduced Relative, p. 82 in this 

thesis). Not an individual study is definitive, but in concert they suggest a path to 
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follow, despite strong attacks by Waters, Caplan and colleagues (e.g. Waters & Caplan, 

1996b). 

Three theories of verbal working memory were considered (3.2.2 Resource theories, 

p. 56). They are not alone, but are usefully representative of their assumptions and have 

received the most empirical attention). The theories cannot speak for all members of 

their class, and variations on their assumptions exist (cf. the stragetic resource 

allocation theory of Friedirici et al., 1988). However, the general failure to find a 

consistent relationship between reading span and initial parsing has rendered moot 

further exposition on their nature. The theories are: Single Resource Theory (Carpenter, 

Daneman, Just, Varma and colleagues), Separate Sentence Interpretation Resource 

Theory (Waters, Caplan and colleagues) and a Connectionist Account (MacDonald, 

Pearlmutter, Christiansen and colleagues).  

The initial review of the literature indicated that reading span may have a role to play 

in the explanation of the individual differences already found in RC-attachment 

ambiguities. A study was devised. It was deliberately exploratory, a wide-angled shot 

that would identify the relationship and suggest further avenues, an answer to the 

question: “In the resolution of globally ambiguous (GA) RC-attachment ambiguity, do 

(i) sentence type, (ii) presence adjectival modifier or (iii) type of determiner interact 

with reading span?” 

In this first study, the findings did indicate a relationship between span and off-line 

attachment preferences, but the theoretical interpretation of this relationship was 

difficult. Before describing it in more detail, it should be noted that an items ANOVA 

indicated the presence of stable individual differences (see p. 105 in this thesis). There 

are, therefore, individual preferences for attachment in this structure. This study also 

provided further evidence for Late Closure in English. A modified version of the DC 

RST was used, where the modification was made to the recall task: participants were 

asked to verbally recall items in the correct serial order rather than write them down on 

paper. This was done to control for writing speed (which may be influenced by spelling 

fluency, for example). 

An overall effect of sentence type (i.e. the semantic relationship between the two 

host sites in this ambiguity) was found (p. 106). The types break down into kin relation, 

possession/inaminate, highly visual and alienable/possessive. NP1 bias increased for 

each sentence type in this order. A main effect of modifier was found, too (p. 108): NP1 

bias was higher when both sites were unmodified. Both of these findings are 
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theoretically uninteresting because, without a plausibility analysis, they may be due to 

fixed lexical effects. 

Span-attachment interactions are of greater theoretical interest. There was an 

interaction between reading span and sentence type (p. 106). However, it is difficult to 

form a post hoc hypothesis for these findings because the means do not have a 

discernible pattern. There were no other interactions with span. Only one conclusion can 

be drawn from this study: participants with higher reading spans process RC-attachment 

ambiguities in a fashion different from lower span readers, and this centres around 

lexical relationship between NP1 and NP2. The conclusion suggests further study but 

the conclusion is limited (as one might expect from such an exploratory study). 

It was anticipated that the second study would build upon the first, but this 

atheoretical interaction did not provide sufficient grounds. Why would a higher span 

reader change her attachment preference because NP1 was, say, the father of NP2? At 

root this might have been a trivial lexical effect: that is, (i) higher span readers have 

more reading experience, are more picky about grammar, or respond differently to the 

experimental situation (perhaps with greater facility or poorer observation of the 

experimental instruction to avoid revision, or annoyance at these ambiguous 

constructions) and this may influence (ii) their judgement of which site best suits the 

relative clause. So the second study took a step back and centred on the theoretical 

views surrounding reading span: at once to confirm its presence and provide support for 

either of two theories. 

One difference between Single Resource Theory (e.g. Just & Carpenter, 1992) and 

the Connectionist Account (e.g. MacDonald & Christiansen, 2002) is clear: while the 

former would predict no influence of the processing of neighbouring structures (i.e., 

those not direct candidates for the current structure), the latter would predict some effect 

because the Gricean (1975) maxim of clarity should be processed as part of the 

structure’s irregular mapping between form and meaning (i.e., this maxim would aid in 

the successful resolution of similar ambiguities and would become a part of its normal 

processing provided the reader has sufficient experience with the structure; see also 

Pearlmutter & MacDonald, 1995). A third theory, SSIR Theory (e.g. Waters & Caplan, 

2001), which proposes no relationship between the resources tapped by the DC RST and 

initial parsing, was evaluated by implication. However, the nature of these theories 

means that each has a certain elasticity with respect to unpredicted findings (cf. Navon, 

1984). Thus, the research question poised by this second study may be described: “In 



 

194 

the same GA RC ambiguity, are higher span readers aware of parallel constructions 

when these may provide a clue to the current solution?” 

For this second study it was also decided to substitute the DC RST with the Waters, 

Caplan and Hildebrandt (1987) reading span test (WC RST). This move was not 

without risk; the mass of research into reading span uses the DC RST, not the WC RST 

(see 3.3 Empirical studies, p. 66). However, weaknesses of the DC RST were sufficient 

to question its validity: (i) storage bias in its recall score, (ii) uncontrolled influence of 

lexical effects, (iii) potentially variable depth of processing during the reading 

component, and (iv) susceptibility to storage-processing trade-offs (though subsequent 

evidence in this thesis suggests that such trade-offs may be uncommon; see The Z-score 

in more detail, p. 130). The WC RST is a refined test that attempts to address these 

weaknesses. Where the DC RST and the WC RST both exist, the latter must surely be 

used (see Waters & Caplan, 1996b, for a detailed comparison of the two measures, 

which suggests the WC RST is generally superior). A critic may trace future failures to 

identify span effects to this decision to abandon the DC RST. However, if the goal of 

this thesis is a thorough investigation of such effects, the decision had to be made. 

Again, participants were asked to verbally recall items in the correct serial order rather 

than write them down. This may be another reason for the failure to find a span effect. 

Again, it is a step that should be taken, even if its direction is away from a significant 

relationship.  

This second study comprised two stages to aid the counterbalancing of similar 

materials. Its results were disappointing. Though stable individual differences were 

found once more, they did not appear to have a relationship with span sufficient to 

accept the experimental hypothesis. The composite Z-score, which incorporates both 

reaction time and recall (as a counter to processing-storage trade-offs), had no 

relationship with off-line evidence of the effect of an alternative structure, whereas the 

recall-criterion span measure did show such a relationship (5.3.3 Span and attachment 

preference, p. 133). Like the previous study, this result suggests either (i) a relationship 

marginally beyond the grasp of the design or (ii) no relationship but other, unknown 

differences between higher- and lower-span readers. If one accepts the recall-criterion 

score as a valid measure of verbal working memory, this study is a success; if one 

prefers the processing-storage score (which, on balance, is the more refined measure), 

this study is not success. Thus, its conclusion is limited to the suggestion of an effect 

and the partial support of the Connectionist Account. It is also consistent with the 



 

195 

findings of Mendelsohn and Pearlmutter (1999), who offered the post hoc hypothesis 

that higher-span readers might be influenced by a Saxon genitive alternative. 

The study implied that a sharper design was needed to isolate any span-attachment 

relationship. To this point, off-line data had been used in a manner consistent with the 

aims of such a methodology: the collection of a large amount of data for preliminary 

research (2.3.2 Delayed Access Techniques, p. 29). It remained a possibility, however, 

that off-line processes were influencing parsing decisions. With two foundation studies 

complete, an on-line experiment was conceived that would be as clear-cut as possible in 

its conclusions. But before the hypotheses were proposed, a model was constructed that 

would produce such hypotheses from first principles in a case where, as certainly as 

possible, we must see a difference between higher- and lower-span readers. This is not 

the first time a model of resource difference has been proposed. CC READER, for 

example, has addressed the centre-embedded sentence processing differences observed 

by King & Just (1991; p. 142 in thesis). A Simple Recurrent Network (SRN; Elman, 

1990) has also been applied to this finding (MacDonald & Christiansen, 2002; p. 144 in 

this thesis). The SRN appears to fit the empirical data the greatest facility (MacDonald 

& Christiansen, 2002), but its purpose is grammatical prediction – a component of 

syntactic processing, but perhaps only a subcomponent.  

The model presented in this thesis is connectionist in nature. The Threshold Parsing 

Model (TPM) involves two subsystems, which each begin processing at the ambiguous 

Relative Pronoun in a two-site RC ambiguity. A contextual processor collects non-

syntactic information while a syntactic processor collects the syntactic remainder. Both 

systems compete for control of two decision nodes. The first node represents a low 

attachment, the second a high attachment. The model reaches a decision when activation 

for either node exceeds an arbitrary threshold. There has been some debate as to 

whether capacity is truly architectural (capacity as analogy) or is better termed 

efficiency (capacity as metaphor). The model is agnostic in this regard. The difference 

in processing speed between higher- and lower-span readers may equally be realized as 

capacity or efficiency. The model suggested that differences between higher- and lower-

span readers during on-line processing should be most acute where (i) strongly-

manipulated contextual information runs counter to a syntactic bias and (ii) the probe 

region is early enough to capture the effect. As the chapter made clear (p. 150), the 

model was not intended to further our insight of resource differences (in particular, the 

long-standing debate on efficiency versus capacity) but to target their presence.  
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The final chapter presented an empirical study that (i) strongly manipulated 

contextual information (this was confirmed with a sentence-completion study) and (ii) 

probed reading at the (syntactically-) disambiguating verb following the relative 

pronoun. This study may be seen as the last chance for reading span, and thus verbal 

working memory, to demonstrate its effect in on-line parsing of RC attachment. We 

know that the manipulated context is strong and, ultimately, used to help understand the 

intending meaning of the sentence (Calvo, 2001; Desmet, de Baecke & Brysbaert, 2002; 

Zagar, Pynte & Rativeau, 1997). We must hypothesize that higher-span readers will 

begin to process this contextual information earlier than lower-span readers; there is no 

reason for delay and no reason to suspect that higher-span readers are engaged on other 

business during sentence processing. Context was manipulated strongly enough to 

induce differences (an NP1 swing of 40% in the sentence completion study). 

The study found no relationship between reading time at the probe region (or later 

regions) and reading span. As a sharper test than the earlier study presented in Chapter 

Two, it suggested that reading span is unlikely to be helpful in explaining RC-

attachment behaviour. In general, then, the thesis finds in favour of the SSIR Theory, 

which holds for no relationship between the WC RST and initial parsing. There is also 

some positive evidence for the Connectionist Account (from the study of Saxon genitive 

alternative plausibility), but in the light of the final study, which indicates that helpful 

plausibility information is unrelated to reading span, this earlier positive evidence 

should be described as moderate at best. The thesis provides no clear evidence in 

support of Single Resource Account of Carpenter and colleagues. 

8.1.2 Issues and Further Studies 

This thesis has been concerned with individual differences. The potential for a design to 

capture these differences will depend on its treatment of variability. With regards to the 

reading span measure, this means (i) measure reading span and many other variables, 

then look for correlations (e.g. Daneman & Merikle, 1996), (ii) break the sample in half 

by span and compare the halves (e.g. Mendelsohn & Pearlmutter, 1999), (iii) compare 

the extremes of the span distribution and ignore those data towards the centre (e.g. 

MacDonald, Just & Carpenter, 1992). 

The methodology proposed by (i), the correlational approach, requires a large 

number of participants in order to obtain the necessary variation. In this way, 

researchers can determine the relationships between a large number of variables. This 
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approach invites two problems: first, obtaining a large enough sample of participants 

may present logistical difficulties; second, with this large sample, researchers increase 

the risk that a correlation or regression may be significant but explain a small 

percentage of the variance. However, the correlational approach avoids other, more 

serious, problems. 

The second methodology, which, like the third, is a true individual differences 

approach, risks becoming arbitrary. The dividing line between higher- and lower-span 

readers may be moved and, with this, the pattern of results may change. At present there 

is no standard threshold (though Mendelsohn & Pearlmutter’s, 1999, span level of four 

is typical). This also invites the problem of unequal group sizes because lower-span 

readers constitute a majority in most populations (Daneman & Merikle, 1996). 

The third approach is to examine the extremes of the reading span population. 

Participants are divided into three groups: low, medium and high. The membership 

criteria vary somewhat (e.g. King & Just, 1991, classified higher-spans as ≥  4.5 and 

lower-spans as ≤  2.5, while van Petten, Weckerly, McIsaac & Kutas, 1997, classified 

them as ≥  4 and ≤  2). Without a scatterplot that suggests a grouping of the data, the 

criteria can risk being arbitrary. Furthermore, (i) an examination of the extremes can 

artificially inflate differences, and (ii) ignoring the medium-span group will abandon a 

significant proportion of the sample’s natural variability. Additionally, if a researcher 

wishes to accrue two equally-sized higher- and lower-span groups (e.g. Calvo, 2001), 

the time investment will quickly spiral1. 

In this thesis, the view was taken that the two individual differences approach suffer 

problems that the correlational approach does not. It may be suggested that participants 

were not tested in sufficient quantity for the correlation approach to work. While this 

criticism cannot be countered directly, we can be sure that strong individual differences 

in attachment preference were consistently found for the RC-attachment ambiguity; 

enough material for the reading span test to work on.  

What may underlie individual differences? 

Reliable individual differences in attachment preference were found in two of the three 

studies in this thesis (see pp. 105 and 131). The question remains, therefore, as to the 

cause of these differences. On the basis of these data, the answer must be that reading 

                                                 
1 The studies in this thesis are a reported for an undergraduate population but the lower-span readers still 

greatly outnumbered the higher-span readers (see pp. 105, 128, and 179). 
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span (as measured by the DC RST and the WC RST) is unlikely to be a component of 

RC-attachment. The other hypotheses that have been suggested remain: notably Tuning 

(Cuetos, Mitchell & Corley, 1996) and Multiple Constraint Satisfaction (MacDonald, 

Pearlmutter & Seidenberg, 1994).  

However, both hypotheses would accommodate memory variation with ease. For 

Tuning, this would involve varying the breadth and depth (‘grain’, see p. 43) of its 

statistical database. For MCS, this would stem from the Frequency by Regularity 

interaction, where greater experience breeds irregular mapping strategies for different 

structures. Bearing in mind previous comments, though the failures to demonstrate 

reading span and attachment interactions make a role for verbal working memory 

unlikely, it is possible that the reading span tests may be improved to the extent that the 

relationship becomes identifiable. For this reason, future research should concentrate on 

refining all aspects of the reading span tests.  

Examining a different ambiguity 

As discussed, a crucial Span by Clause Type by Region interaction had been found for 

the MV/RR ambiguity (MacDonald, Just & Carpenter, 1992; Pearlmutter & 

MacDonald, 1995). This interaction is explicitly predicted by the single resource 

theories of Carpenter and colleagues and MacDonald and colleagues. While the 

interaction may yet be the result of readers who are mysteriously ‘better’ or ‘worse’ 

than one another, it is possible that the TA MV/RR elicited a span effect because it is 

more difficult to process than a GA RC (the latter was selected because of the individual 

differences already documented for the ambiguity); as processing load increases, 

differences in span should be exaggerated. For this reason, a further study that combines 

the more refined WC RST and the MV/RR is indicated.  

The reading span task in theory 

The existence of a relationship between reading span and parsing is still not certain. I 

would like to argue that the modifications (both of design and analysis) of the studies in 

this thesis make the existence of this relationship less likely. It may not speak directly to 

the question of memory and its relation to parsing because this thesis (and current 

research) rests heavily on the reading span test. Though many studies have investigated 

the relationship between reading span and various cognitive abilities, evidence is 

sufficiently various to support the position of the Single Resource Theory, Separate 
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Sentence Integration Resource Theory or the Connectionist Account; on balance it 

should be concluded that the evidence is suggestive but weak. 

One aim for research should, therefore, be the refinement of what we mean by 

‘reading span’ and the extent to which it is synonymous with verbal working memory. 

This will require the selection and test of hypotheses that are as specific as possible, 

such as those in the final, on-line study in this thesis. Correlational studies that chart 

covariance are not specific enough. However, since it must be said that there is already 

a wealth of literature on reading span (e.g. Daneman & Merikle, 1996) and it must 

equally be said that we still don’t know exactly what reading span measures, this aim 

may only be achieved through creative theorizing as to its basis: theories must be 

specific enough to falsified (to the extent permitted by resource accounts, which can be 

inherently vacuous; Navon, 1984). More specifically, studies that examine span and 

parsing will need to demonstrate statistical interactions that exhaust all criticisms (as 

King & Just’s 1991 findings do not). 

Additionally, future research should converge on a standard division between high 

span reader and low span readers. This will aid comparison.  

The reading span task in practice 

Comments have already been made on the most common reading span test, the DC RST 

(see 5.1.2 Methodological issues, p. 120): (i) it yields a measure of storage alone, where 

storage and processing are of equal interest; it fails to control for (ii) lexical variables or 

(iii) depth processing during the reading component; (iv) it employs a ‘hurdle’ method 

of marking, where a concentration lapse at an early level may result in an incorrect, low 

span score. In the same passage, in Chapter Five, it was noted that the WC RST 

significantly improves upon the DC RST. However, the DC RST remains the standard 

test even in very recent papers (e.g. Vos et al., 2001; and cf. the meta-analysis by 

Daneman & Merikle, 1996). The improvements on the DC RST by the WC RST make 

theoretical sense and the empirical improvements have been quantified thoroughly (see 

Waters & Caplan, 1996b). Further research may be best served by capitalizing on these 

improvements.  

On a more informal note, it became clear to me that participants developed ad hoc 

strategies during the reading span test (both versions). The test is stressful, lengthy, and 

participants are aware that it will only get harder. For some, the challenge is relished; 

for others, the reaction is horror. While extreme reactions were rare, it can argued that 
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reducing the stressful nature of the test would reduce the influence of this extraneous 

personality effect. For example, the current ‘level’ at which a participant is being tested 

could be selected on the basis of their performance at the preceding level. If a 

participant fails at the six-sentence level, they would be dropped down to the five-

sentence level. If they continue to perform poorly they will drop further. On the other 

hand, they will achieve the six-sentence level again if they perform well. A mean 

performance statistic could be calculated for each participant. Importantly, this statistic 

would represent the performance of a less stressed participant. 

But the difficulties remain: What is verbal working memory? What information does 

it store? Does it process and hold its own representations, or are they harvested from 

other processes? Critics would argue that one cannot measure reading span without at 

first defining it. There is no straight answer to this. An intelligence test is another 

example of such pragmatic assessment. The DC RST is psychometrics in reverse: it 

survived and propagated in the literature because it correlated with measures of 

comprehension. But its eminence in the literature and, particularly, its role in the parsing 

of the MV/RR ambiguity (Just & Carpenter, 1992), suggests that the reading span test 

should not be dismissed, blunt instrument though it may be. 

8.1.2 Concluding Remarks 

As much as this thesis has been concerned with the relationship between individual 

differences in parsing and verbal working memory, it has been a document of the 

research process: from suggestive, but not water-tight, evidence in the literature a series 

of studies was devised to hunt the effect. At the length, the conclusion is that verbal 

working memory differences as measured by the two reading span tests (with relatively 

more faith in the WC RST) are unlikely to play a role in RC-attachment. However, the 

case may be revisited with a measuring tool sharper than the current reading span test. 
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APPENDIX ONE: MATERIALS FOR STUDY ONE   

MATERIALS FOR STUDY ONE 
 

Below are the materials for study presented in Chapter Four. The materials were 

adapted from Gilboy, Sopena, Clifton and Frazier (1995). Items vary by determiner 

(a/the), modifier (e.g. new), and sentence type (e.g. Alienable Possessive). There are six 

of each sentence type. 

 

Alienable Possessive Items 

1 The professor read a/the [new] book of a/the [new] student that 

was in the dining-room. 

  

2 The inspector observed a/the [suspicious] suitcase of a/the 

[suspicious] traveler that was in the station. 

  

3 The mechanics were modifying a/the [dangerous] car of a/the 

[dangerous] driver that took part in the race. 

  

4 The dressmaker was sewing a/the [dirty] dress of a/the [dirty] girl 

that was on the floor. 

  

5 We borrowed a/the [old] car of a/the [old] neighbour that we saw 

nearby. 

  

6 I had to borrow a/the [new] computer of a/the [new] secretary 

that was in the office close to mine. 

  

Highly visual Items 

1 I was surprised by a/the [odd] etching of a/the [odd] sculpture 
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that was in the town hall. 

  

2 The designer agreed to show us a/the [new] sketch of a/the [new] 

house that he should finish before the end of the summer. 

  

3 The architect exhibited a/the [plain] drawing of a/the [plain] 

building that his client had commissioned. 

  

4 Charles liked a/the [sad] portrait of a/the [sad] woman that he 

saw at your house. 

  

5 All the newspapers published a/the [small] photograph of a/the 

[small] boy that all the judges of the singing contest liked so 

much. 

  

6 Sara did a/the [famous] painting of a/the [famous] cove that the 

public found so gloomy. 

  

Possession Inaminate Items 

1 The tourists admired a/the [small] museum of a/the [small] city 

that they visited in August. 

  

2 John smashed a/the [new] car of a/the [new] company that his 

wife hated so much. 

  

3 Several men moved a/the [old] machine of a/the [old] factories 

that had been set on fire. 

  

4 The brokers sold a/the [new] stocks of a/the [new] investment 

clubs that were losing money. 

  

5 The governor bought some books for a/the [new] library of a/the 

[new] elementary school that had just been built. 
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6 The local newspaper columnist wrote about a/the [well-known] 

mascot of a/the [well-known] club that people found so 

ridiculous. 

  

Kin Relation Items 

1 The teacher was talking with a/the [quiet] relative of a/the [quiet] 

boy who was in the hospital. 

  

2 The journalist had interviewed a/the [tall] daughter of a/the [tall] 

colonel who had been in an accident. 

  

3 Andres had dinner with a/the [friendly] niece of a/the [friendly] 

doorman who we met last summer. 

  

4 This morning I met a/the [talkative] aunt of a/the [talkative] 

mechanic who lives in the building where I live. 

  

5 The police arrested a/the [familiar] cousin of the [familiar] 

painter who was in Marbella. 

  

6 We were worried about a/the [grumpy] grandmother of a/the 

[grumpy] babysitter who became ill and had to be taken to the 

hospital. 
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Overleaf is one of the four experimental questionnaires from the exploratory study 

reported in Chapter Four. This particular example is Questionnaire 1 of 4. 
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INSTRUCTIONS 
 

Please read the following sentences and tick the box that follows to indicate which word 

you think “fills in the blank”. In some cases you will find the answer so obvious that 

you will be able to answer with complete confidence, and these should present no 

problem. In others you might be a little uncertain, and in these cases I want you to give 

the answer that occurred to you as you were first reading the sentence, even if you think 

you would like to change your response on reflection. Please don’t look back at earlier 

examples before making your decision. Thanks for your help. 

 

1. The prisoner attacked the policewoman holding a gun. 

 

_____ was holding the gun  The prisoner  

  

      The police- 

      woman 

2. I had to borrow the computer of the new secretary that was in the office close to 

mine. 

_____ was in the office close  The computer  

    to mine The secretary 

 

3. The cab arrived at the corner and the driver stopped at the kerb that was marked for 

taxis. 

_____ was marked for taxis   The corner  

      The kerb 

 

4. The mechanics were modifying the dangerous car of the driver that took part in the 

race. 

_____ took part in the race   The driver  

      The car 
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5. Charles liked the portrait of the woman that he saw at your house. 

He saw_____ at your house   The portrait  

      The woman 

 

6. The teacher was talking with the relative of the boy who was in the hospital. 

_____ was in the hospital   The boy  

      The relative 

 

7. The prostitute sidled up to the sailor drinking at the bar. 

_____ was at the bar   The prostitute  

      The sailor 

 

8. The inspector observed the suitcase of the suspicious traveller that was in the station. 

_____ was in the station   The suitcase  

      The traveller 

 

9. We were worried about a grandmother of the babysitter who became ill and had to be 

taken to the hospital. 

_____ had to be taken to the hospital  The grandmother  

          The babysitter 

 

10. The waitress approached the policeman pushing a trolley. 

_____ was pushing the trolley The waitress  

      The policeman 

 

11. The bailiff locked up the horse of the gypsy that was by the bridge. 

_____ was by the bridge  The horse  

      The gypsy 

 

12. This morning I met an aunt of a mechanic who lives in the building where I live. 

_____ lives in the building  The aunt  

      The mechanic 
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13. The police arrested the cousin of the painter who was in Marbella. 

_____ was in Marbella  The painter  

      The cousin 

 

14. The pickpocket ran away from the old woman selling vegetables. 

_____ was selling vegetables  The pickpocket  

      The old woman 

 

15. The tourist photographed the mule of the peasant that was by the puddle. 

_____ was by the puddle  The mule  

      The peasant 

 

16. A student stared at the friend of the teacher who was at the school.  

_____ was at the school  The friend  

      The teacher 

 

17. Someone shot the servant of the actress who was on the balcony. 

_____ was on the balcony  The servant  

      The actress 

 

18. Several men moved the old machine of the factories that had been set on fire. 

_____ had been set on fire   The factories  

      The machine 

 

19. The old pensioner recognized his friend with his glasses off. 

_____ had his glasses off   The pensioner  

      The friend 

 

20. The professor read the new book of the new student that was in the dining-room. 

_____ was in the dining room  The student  

      The book 
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21. The old lady was observing the toy of the baby that was on the bed. 

_____ was on the bed   The toy  

      The baby 

 

22. The young policeman shot the man with a gun. 

_____ had the gun   The policeman  

      The man 

 

 

23. John smashed the car of the new company that his wife hated so much. 

His wife hated_____   The car  

      The company 

 

24. The tourists took many pictures of the monument with the plaque in the square that 

was covered by pigeons. 

_____ was covered by pigeons  The square  

      The plaque 

      The monument 

 

25. My father visited the quarters of the soldiers that are by the river. 

_____ was by the river  The quarters  

      The soldiers 

 

26. The policeman took statements from the children of the teacher from the school with 

a bad reputation. 

_____ had a bad reputation   The school  

      The teacher 

      The children 

 

27. The peeping Tom saw the man with the telescope. 

_____ had the telescope  The peeping 

Tom  

      The man 
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28. The car dealer forgot to tell me about the smoky exhaust and broken bumper that I 

had to fix at the garage yesterday. 

_____ was fixed    The bumper  

      The exhaust 

 

29. The cameraman stepped up to the actress clutching some flowers. 

_____ was clutching some flowers The cameraman  

      The actress 

 

30. The tea-lady went up to the salesman holding a cup. 

_____ was holding the cup  The tea-lady  

      The salesman 

 

31. The brokers sold the stocks of the investment clubs that were losing money. 

_____ were losing money   The stocks  

      The clubs 

 

32. Andres had dinner with the niece of a doorman who we met last summer. 

We met _____ last summer  The doorman  

      The niece 

 

33. The pop star gave a revealing press conference in which he told of an upbringing 

that was characterised by poverty. 

_____ was characterised by poverty  The upbringing  

      The conference 

 

34. The designer agreed to show us the sketch of the new house that he should finish 

before the end of the summer. 

He should finish_____ before  The sketch 

the end of summer    The house 

 

35. The schoolgirl headed for the man carrying the groceries. 

_____ was carrying the groceries The schoolgirl  

      The man 
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36. The cobbler was careful when he put a new shoe on the horse of the daughter of the 

farmer that was highly strung. 

_____ was highly strung   The horse  

      The daughter 

      The farmer 

 

37. The butler informed his lordship that Lady Worthing would arrive that evening with 

an envelope. 

_____ had the envelope   The butler  

      The Lady 

 

38. The dressmaker was sewing the dress of the girl that was on the floor. 

_____ was on the floor   The dress  

      The girl 

 

39. John met the friend of the teacher who was in Germany. 

_____ was in Germany  The friend  

      The teacher 

 

40. I was surprised by the odd etching of the odd sculpture that was in the town hall. 

_____ was in the town hall   The sculpture  

      The etching 

 

41. Peter was looking at the book of the girl that was in the living room. 

_____ was in the living room  The book  

      The girl 

 

42. The small boy ran around the nanny making a sign. 

_____ was making a sign  The boy  

      The nanny 
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43. The ward sister moved towards the patient carrying a pillow. 

_____ was carrying a pillow  The sister  

      The patient 

 

44. We thanked the man for his after-dinner speech with a round of applause that was 

prolonged. 

_____ was prolonged    The speech  

      The applause 

 

45. Amelia exchanges letters with the cousin of the singer who was in the church. 

_____ was in the church  The cousin  

      The singer 

 

46. We borrowed the old car of the old neighbour that we saw nearby. 

We saw_____ nearby    The neighbour  

      The car 

 

47. The local newspaper columnist wrote about the mascot of the well-known club that 

people found so ridiculous. 

People found_____ so ridiculous The mascot  

      The club 

 

48. The architect exhibited the plain drawing of the building that his client had 

commissioned. 

_____ had been commissioned  The building  

      The drawing 

 

49. The tourists admired the small museum of the small city that they visited in August. 

They visited_____     The city  

      The museum 
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50. I could not help but be impressed by the juggler and the fire-eater who asked for 

money following the performance. 

_____ asked for money   The juggler  

      The fire-eater 

 

51. Harry stole the cup from the secretary of the office with the photocopier that he 

disliked. 

Harry disliked _____   The secretary  

      The office 

      The photocopier 

 

52. Sara did the painting of the famous cove that the public found so gloomy. 

The public found_____ so gloomy  The painting  

      The cove 

 

53. All the newspapers published the small photograph of the small boy that all the 

judges of the singing contest liked so much. 

The judges liked_____ so much  The boy  

      The photograph 

 

54. Many people saw the son of the famous actress of the theatre company that was held 

in high regard. 

_____ was held in high regard  The son  

      The actress 

      The theatre company 

 

55. A thief was keeping an eye on the case of the tourist that was by the mailbox. 

_____ was by the mailbox  The case  

      The tourist 

 

56. The governor bought some new books for the new library of the elementary school 

that had just been built. 

_____ had just been built   The school  

      The library 
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57. The journalist had interviewed a daughter of the colonel who had been in an 

accident. 

_____ had been in the accident  The daughter  

      The colonel 

 

58. The police arrested the sister of the porter who was in Mellila. 

_____ was in Mellila   The sister  

      The porter 

 

59. A graduate student insulted the assistant of the professor of the course that was 

disliked by the students. 

_____ was disliked by the students  The course  

      The professor 

      The assistant 

 

60. The people watched the box of the soldier that was on the platform. 

_____ was on the platform  The box  

      The soldier 
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APPENDIX TWO: MATERIALS FOR STUDY TWO 

MATERIALS FOR STUDY TWO 
 

Below are the materials for study presented in Chapter Five. There are twenty-four 

items in total. In each, the animacy of NP2 can vary. The materials were adapted from 

Gilboy, Sopena, Clifton and Frazier (1995). 

 

(Alienable Possession Items) 

1 The professor read the book of the student/shelf that was in the dining-

room. 

  

2 The inspector observed the suitcase of the traveller/suitcase that was in the 

station. 

  

3 The mechanics were modifying the car of the driver/team that took part in 

the race. 

  

4 The dressmaker was sewing the dress of the girl/doll that was on the floor. 

  

5 We borrowed the car of the neighbour/garage that we saw nearby. 

  

6 I had to borrow the computer of the secretary/suite that was in the office 

close to mine. 

  

7 I saw the camera of the woman/bag that was on the front seat. 

  

8 The bank teller wrote down the account number of the woman/company 

that was on the list. 

  

9 The robbers examined the safe of the woman/company that they had been 
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told about. 

  

10 We drove past the camp of the soldier/battalion that was seen from the 

observation point. 

  

11 The butler cleaned the collar of the gentleman/suit that had been sprayed 

with champagne. 

  

12 The space captain decided to confiscate the weapon of the man/robot that 

terrified his crew. 

 

(Highly visual Items) 

13 I was surprised by the etching of the lady/sculpture that was in the town 

hall. 

  

14 The architect exhibited the drawing of the man/building that his client had 

observed.  

  

15 Charles liked the portrait of the woman/animal that he saw at your house.  

  

16 All the newspapers published the photograph of the boy/theatre that all the 

judges of the singing contest liked so much.  

  

17 Sara did the famous painting of the poet/cove that the public found so 

gloomy. 

  

18 I examined the photograph of the popstar/rainbow that was so spectacular 

  

19 Many visitors were impressed by the sketch of the tourist/garden that was 

in the castle grounds. 

  

20 The journalists analyzed the film of the politician/explosion that appeared 

on the news. 
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21 The children were amused by the poster of the actor/movie that they saw at 

the film festival. 

  

22 We talked about the snapshot of the woman/landmark that was so famous. 

  

23 The artist put finishing touches to the picture of the dancer/cello that was 

leaning against the wall. 

  

24 Everyone's eyes were drawn to the painting of the man/dog that was on the 

winner's podium. 
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Overleaf is one of the two experimental questionnaires from the study reported in 

Chapter Five. 
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INSTRUCTIONS 
 

IMPORTANT: To be completed under experimental conditions where possible – in a 

quiet room with no distractions. This will take a maximum of 20 minutes.  

 

Please read the following sentences and tick the box that follows to indicate which word 

you think “fills in the blank”. In some cases you will find the answer so obvious that 

you will be able to answer with complete confidence, and these should present no 

problem. In others you might be a little uncertain, and in these cases I want you to give 

the answer that occurred to you as you were first reading the sentence, even if you think 

you would like to change your response on reflection. In cases where you think both 

options are correct, please tick the one you think is most correct. Finally, try not to look 

back at earlier examples before making your decision and try to fill in the questionnaire 

as quickly and accurately as possible. Thanks for you help. 

 

Your full name: ___________________        

 

 

1. We saw the cats from the house that was burgled. 

_____ was burgled    The house  

      The cats 

 

2. Fiona opened the bottles from the suitor who arrived early. 

_____ arrived early   The bottles  

      The suitor 

 

3. The DJ played the songs from the singer who was in the studio. 

_____ who was in the studio  The singer  

      The songs 

 

4. The police arrested the hacker with the computer that was stolen. 

_____ was stolen   The hacker  

      The computer 
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5. The audience watched the tiger near the clowns who were running in circles. 

_____ were running in circles  The clowns  

      The tiger 

 

6. The car dealer forgot to tell me about the smoky exhaust and broken bumper that I 

had to fix at the garage yesterday. 

_____ was fixed    The exhaust  

      The bumper 

 

7. We applauded the act of the circus of the millionaire that everyone loved. 

Everyone loved _______  The act 

     The circus 

     The millionaire 

 

8. The tourist photographed the mule of the peasant that was by the puddle. 

_____ was by the puddle  The mule  

      The peasant 

 

9. We drove past the camp of the battalion that was seen from the observation point. 

______ was seen from the   The camp  

  observation point  The battalion 

 

10. We thanked the man for his after-dinner speech with a round of applause that was 

prolonged. 

_____ was prolonged    The applause  

      The speech 

 

11. Someone shot the servant of the actress who was on the balcony. 

_____ was on the balcony  The servant  

      The actress 
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12. The student finished the questions of the paper of the exam that were hard. 

_______ were hard   The questions 

     The paper 

     The exam 

 

13. The cab arrived at the corner and the driver stopped at the kerb that was marked for 

taxis. 

_____ was marked for taxis   The corner  

      The kerb 

 

14. Peter was looking at the book of the girl that was in the living room. 

_____ was in the living room  The book  

      The girl 

 

15. Amy opened the window of the house with the hearth that was smoking. 

_______ was smoking  The window 

     The house 

     The hearth 

 

16. Charles closed the book of the library by the author that was famous. 

_______ was famous   The book 

     The library 

     The author 

 

17. The artist put finishing touches to the picture of the dancer that was leaning against 

the wall.  

______ was leaning against the The picture  

 wall     The dancer 

 

18. The old pensioner recognised his friend with his glasses off. 

_____ had his glasses off   The pensioner  

      The friend 
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19. The police arrested the sister of the porter who was in Mellila. 

_____ was in Mellila   The sister  

      The porter 

 

20. The robbers examined the safe of the woman that they had been told about. 

They had been told about ______ The safe  

      The woman 

 

21. The bank teller wrote down the account number of the company that was on the list. 

______ was on the list The number  

     The company 

 

22. The burglar saw the maid of the house of the nobleman that was hidden from view. 

_______ was hidden from view The nobleman 

     The house 

     The maid 

 

23. The inspector observed the suitcase of the crate that was in the station. 

______ was in the station  The suitcase  

      The crate 

 

24. The tea-lady went up to the salesman holding a cup. 

_____ was holding the cup  The tea-lady  

      The salesman 

 

25. A student stared at the friend of the teacher who was at the school. 

_____ was at the school  The friend  

      The teacher 

 

26. The butler informed his lordship that Lady Worthing would arrive that evening with 

an envelope. 

_____ had the envelope   The Lady  

      The butler 
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27. The bystander noticed the caretaker of the equipment of the policeman that was in 

the riot van. 

_______ was in the riot van  The caretaker 

     The equipment 

     The policeman 

 

28. My father visited the quarters of the soldiers that are by the river. 

_____ was by the river  The quarters  

      The soldiers 

 

29. The prostitute sidled up to the sailor drinking at the bar. 

_____ was at the bar   The prostitute  

      The sailor 

 

30. The architect exhibited the drawing of the building that his client had observed. 

His client had observed ______ The drawing  

      The building 

 

31. I examined the photograph of the rainbow that was so spectacular. 

______ was so spectacular  The photograph  

      The rainbow 

 

32. The tourists saw the exhibit of the picture of the woman that was in the main hall. 

_______ was in the main hall  The woman 

     The picture 

     The exhibit 

 

33. Everyone’s eyes were drawn to the painting of the dog that was on the winner’s 

podium.    

______ was on the winner’s  The painting  

 podium    The dog 
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34. We celebrated the anniversary of the tournament of the entrepreneur that was 

mentioned in the papers. 

_______ was mentioned in the  The entrepreneur 

  papers   The tournament 

     The anniversary 

 

35. John met the friend of the teacher who was in Germany. 

_____ was in Germany  The friend  

      The teacher 

 

36. The people watched the box of the soldier that was on the platform. 

_____ was on the platform  The box  

      The soldier 

 

37. The ward sister moved towards the patient carrying a pillow. 

_____ was carrying a pillow  The sister  

      The patient 

 

38. A thief was keeping an eye on the case of the tourist that was by the mailbox. 

_____ was by the mailbox  The case  

      The tourist 

 

39. The waitress approached the policeman pushing a trolley. 

_____ was pushing the trolley The waitress  

      The policeman 

 

40. The young policeman shot the man with a gun. 

_____ had the gun   The policeman  

      The man 

 

41. The peeping Tom saw the man with the telescope. 

_____ had the telescope  The peeping 

Tom  

      The man 
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42. The chef opened the bottle of the man with the moustache that had been pleased 

with his meal. 

_______ had been pleased  The bottle 

      The man 

      The moustache 

 

43. I was surprised by the etching of the lady that was in the town hall. 

______ was in the town hall  The etching  

      The lady 

 

44. The small boy ran around the nanny making a sign. 

_____ was making a sign  The boy  

      The nanny 

 

45. The journalists analysed the film of the explosion that appeared on the news. 

    ______ appeared on the news  The film  

      The explosion 

 

46. The cameraman stepped up to the actress clutching some flowers. 

_____ was clutching some flowers The cameraman  

      The actress 

 

47. The professor read the book of the student that was in the dining-room. 

______ was in the dining room The book  

      The student 

 

48. The pickpocket ran away from the old woman selling vegetables. 

_____ was selling vegetables  The pickpocket  

      The old woman 

 

49. We talked about the snapshot of the landmark that was so famous. 

    ______ was so famous  The snapshot  

      The landmark 
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50. I could not help but be impressed by the juggler and the fire-eater who asked for 

money following the performance. 

_____ asked for money   The fire-eater  

      The juggler 

 

51. The butler cleaned the collar of the gentleman that had been sprayed with 

champagne. 

______ was in the dining room The collar  

      The gentleman 

 

52. The space captain decided to confiscate the weapon of the robot that terrified his 

crew. 

______ terrified his crew  The weapon  

      The robot 

 

53. Nobody reported the theft of the wallet of the manager of the hotel that was so rude. 

_______ was so rude   The theft 

      The wallet 

      The manager 

 

54. Sara did the famous painting of the poet that the public found so gloomy. 

   The public found ______ so gloomy The painting  

      The poet 

 

55. The old lady was observing the toy of the baby that was on the bed. 

_____ was on the bed   The toy  

      The baby 

 

56. Many visitors were impressed by the sketch of the tourist that was in the castle 

grounds. 

    ______ was in the castle grounds The sketch  

      The tourist 
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57. All the newspapers published the photograph of the theatre that all the judges of the 

singing contest liked so much. 

    The judges liked ______  The photograph  

      The theatre 

 

58. The children were amused by the poster of the actor that they saw at the film 

festival. 

    They saw ______ at the film  The poster  

 festival     The actor 

 

59. The schoolgirl headed for the man carrying the groceries. 

_____ was carrying the groceries The schoolgirl  

      The man 

 

60. I saw the camera of the woman that was on the front seat. 

______ was on the front seat  The camera  

      The woman 

 

61. The pop star gave a revealing press conference in which he told of an upbringing 

that was characterised by poverty. 

_____ was characterised by poverty  The conference  

      The upbringing 

 

62. Amelia exchanges letters with the cousin of the singer who was in the church. 

_____ was in the church  The cousin  

      The singer 

 

63. The bailiff locked up the horse of the gypsy that was by the bridge. 

_____ was by the bridge  The horse  

      The gypsy 

 

64. The dressmaker was sewing the dress of the doll that was on the floor. 

______ was on the floor  The dress  

      The doll 
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65. I had to borrow the computer of the suite that was in the office close to mine. 

______ was in the office close to mine The computer  

        The suite 

 

66. The mechanics were modifying the car of the driver that took part in the race. 

______ took part in the race  The car  

      The driver 

 

67. The prisoner attacked the policewoman holding a gun. 

_____ was holding the gun  The prisoner  

      The police- 

      woman 

 

68. Charles liked the portrait of the woman that he saw at your house.  

   He saw______ at your house  The portrait  

      The woman 

 

69. We borrowed the car of the neighbour that we saw nearby. 

We saw ______  nearby   The car  

      The neighbour 
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APPENDIX THREE: MATERIALS FOR STUDY THREE 

MATERIALS FOR STUDY THREE 
 

These materials take the form: [Number (based on target sentence)] [Condition] 

[Context paragraph] [Target sentence] [Final sentence] 

 

01 *Neutral context, Early-resolving target* In Parliament, there’s a heated discussion 

among the politicians and their mentors. The discussion also receives a great deal of 

attention from the media. For people with an interest in this new law, it is a sensitive 

issue. The newspapers praise the mentor of the politicians who breaks all 

traditions. The television media, however, is a good deal less positive.   

 

01 *Neutral context, Late-resolving target* In Parliament, there’s a heated discussion 

among the politicians and their mentors. The discussion also receives a great deal of 

attention from the media. For people with an interest in this new law, it is a sensitive 

issue. The newspapers praise the mentor of the politicians who break all traditions. 

The television media, however, is a good deal less positive.   

 

01 *Early-biasing context, Early-resolving target* Some politicians and their mentors 

are discussing the proposed text of a law. Outside of their group, there are mentors with 

mixed views. One mentor is extremely conservative and traditional. The other is a 

member of the progressive left wing. The newspapers praise the mentor of the 

politicians who breaks all traditions. The television media, however, is a good deal 

less positive.   

 

01 *Early-biasing context, Late-resolving target* Some politicians and their mentor are 

discussing the proposed text of a law. Outside of their group, there are politicians have 

mixed views. One mentor is extremely conservative and traditional. The other is a 

member of the progressive left wing. The newspapers praise the mentor of the 

politicians who break all traditions. The television media, however, is a good deal 

less positive.   
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01 *Late-biasing context, Early-resolving target* Some politicians and their mentor are 

discussing the proposed text of a law. Outside of their group, there are politicians with 

mixed views. One group is extremely conservative and traditional. The others are 

members of the progressive left wing. The newspapers praise the mentor of the 

politicians who breaks all traditions. The television media, however, is a good deal 

less positive.   

 

01 *Late-biasing context, Late-resolving target* Some politicians and their mentor are 

discussing the proposed text of a law. Outside of their group, there are politicians with 

mixed views. One group is extremely conservative and traditional. The others are 

members of the progressive left wing. The newspapers praise the mentor of the 

politicians who break all traditions. The television media, however, is a good deal 

less positive.   

 

02 Neutral context, Early-resolving target A couple of psychopaths escape from a 

psychiatric institution. They pose a real threat to the community. Already on their first 

day on the run they want to seize their chance. The psychopaths follow the owner of 

two dogs who hears that someone is coming. They intend to kill the dogs and eat 

them. 

 

02 *Neutral context, Late-resolving target* A couple of psychopaths escape from a 

psychiatric institution. They pose a real threat to the community. Already on their first 

day on the run they want to seize their chance. The psychopaths follow the owner of 

two dogs who hear that someone is coming. They intend to kill the dogs and eat them. 

 

02 *Early-biasing context, Early-resolving target* A couple of escaped psychopaths 

target two dog lovers. One of the dog owners is quite unaware of anything and walks 

home quietly. The other, by contrast, notices that there is something strange happening. 

The psychopaths follow the owner of the dogs who hears that someone is coming. 

They intend to kill the dogs and eat them. 

 

02 *Early-biasing context, Late-resolving target* A couple of escaped psychopaths 

target two dog lovers. One of the dog owners is quite unaware of anything and walks 
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home quietly. The other, by contrast, notices that there is something strange happening. 

The psychopaths follow the owner of the dogs who hear that someone is coming. 

They intend to kill the dogs and eat them. 

 

02 *Late-biasing context, Early-resolving target* A couple of escaped psychopaths 

target a dog lover. Some dogs are quite unaware of anything and walk happily behind 

their master. The others, by contrast, notice that there is something strange happening. 

The psychopaths follow the owner of the dogs who hears that someone is coming. 

They intend to kill the dogs and eat them. 

 

02 *Late-biasing context, Late-resolving target* A couple of escaped psychopaths target 

a dog lover. Some dogs are quite unaware of anything and walk happily behind their 

master. The others, by contrast, notice that there is something strange happening. The 

psychopaths follow the owner of the dogs who hear that someone is coming. They 

intend to kill the dogs and eat them. 

 

03 Neutral context, Early-resolving target On a current affairs programme a political 

corruption scandal is discussed. The aim is to test whether it’s true that the politician is 

corrupt. Some authorities claim that the politician has a secret bank account in a foreign 

country. A presenter interviews the editors of the staff-writer who claim that the 

politician is corrupt. The alternative version isn’t given any publicity.  

 

03 *Neutral context, Late-resolving target* On a current affairs programme a political 

corruption scandal is discussed. The aim is to test whether it’s true that the politician is 

corrupt. Some authorities claim that the politician has a secret bank account in a foreign 

country. A presenter interviews the editors of the staff-writer who claims that the 

politician is corrupt. The alternative version isn’t given any publicity. 

 

03 *Early-biasing context, Early-resolving target* On a current affairs programme, 

while some newspaper editors and a staff-writer are present, a political corruption 

scandal is discussed. Some editors believe that the politician is corrupt. The others 

consider a political plot. A presenter interviews the editors of the staff-writer who 

claim that the politician is corrupt. The alternative version isn’t given any publicity. 
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03 *Early-biasing context, Late-resolving target* On a current affairs programme, while 

some newspaper editors and a staff-writer are present, a political corruption scandal is 

discussed. Some editors believe that the politician is corrupt. The others consider a 

political plot. A presenter interviews the editors of the staff-writer who claims that 

the politician is corrupt. The alternative version isn’t given any publicity. 

 

03 *Late-biasing context, Early-resolving target* On a current affairs programme, while 

some newspaper editors and their staff-writers are present, a political corruption scandal 

is discussed. A particular staff-writer believes that the politician is corrupt. Another 

considers a political plot. A presenter interviews the editors of the staff-writer who 

claim that the policitician is corrupt. The alternative version isn’t given any publicity. 

 

03 *Late-biasing context, Late-resolving target* On a current affairs programme, while 

some newspaper editors and their staff-writers are present, a political corruption scandal 

is discussed. A particular staff-writer believes that the politician is corrupt. Another 

considers a political plot. A presenter interviews the editors of the staff-writer 

newspaper who claims that the politician is corrupt. The alternative version isn’t 

given any publicity. 

 

04 Neutral context, Early-resolving target A new TV series takes place in the world of 

secret agents. The series is highly controversial because a great deal of violence and sex 

is shown. Some watchdogs are afraid that it sets a bad example for young people. One 

TV watchdog complains about the agents of the spymaster who kill innocent 

people. But villains are a ratings-winner. 

 

04 *Neutral context, Late-resolving target* A new TV series takes place in the world of 

secret agents. The series is highly controversial because a great deal of violence and sex 

is shown. Some watchdogs are afraid that it sets a bad example for young people. One 

TV watchdog complains about the agents of the spymaster who kills innocent 

people. But villains are a ratings-winner. 

 

04 *Early-biasing context, Early-resolving target* A new TV series is about two 

spymasters. They train secret agents. One group of agents are good and reasonable 
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family men. The others are utterly ruthless. One TV watchdog complains about the 

agents of the spymaster who kill innocent people. But villains are a ratings-winner. 

 

04 *Early-biasing context, Late-resolving target* A new TV series is about two 

spymasters. They train secret agents. One group of agents are good and reasonable 

family men. The others are utterly ruthless. One TV watchdog complains about the 

agents of the spymaster who kills innocent people. But villains are a ratings-winner. 

 

04 *Late-biasing context, Early-resolving target* A new TV series is about two 

spymasters. They train secret agents. One spymaster is a good and reasonable family 

man. The other is utterly ruthless. One TV watchdog complains about the agents of 

the spymaster who kill innocent people. But villains are a ratings-winner. 

 

04 *Late-biasing context, Late-resolving target* A new TV series is about two 

spymasters. They train secret agents. One spymaster is a good and reasonable family 

man. The other is utterly ruthless. One TV watchdog complains about the agents of 

the spymaster who kills innocent people. But villains are a ratings-winner. 

 

05 Neutral context, Early-resolving target A national newspaper is keen to report on a 

case involving a trade union. It is the third time in a week that such a case has received 

national attention. Some commentators see this as a bad sign for the country. 

Newspapers publicise the representatives of the employee who stress the need for 

justice. After all, the employee has been done wrong. 

 

05 *Neutral context, Late-resolving target* A national newspaper is keen to report on a 

case involving a trade union. It is the third time in a week that such a case has received 

national attention. Some commentators see this as a bad sign for the country. 

Newspapers publicise the representatives of the employee who stresses the need for 

justice. After all, the employee has been done wrong. 

 

05 *Early-biasing context, Early-resolving target* A disgruntled employee wants to sue 

for unfair dismissal. His legal representatives enter a discussion with his employer. 

Some representatives want to go for a cash setttlement out of court. Others want to play 
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the case out. Newspapers publicise the representatives of the employee who stress 

the need for justice. After all, the employee has been done wrong. 

 

05 *Early-biasing context, Late-resolving target* A disgruntled employee wants to sue 

for unfair dismissal. His legal representatives enter a discussion with his employer. 

Some representatives want to go for a cash setttlement out of court. Others want to play 

the case out. Newspapers publicise the representatives of the employee who stresses 

the need for justice. After all, the employee has been done wrong. 

 

05 *Late-biasing context, Early-resolving target* Two disgruntled employees want to 

sue for unfair dismissal. Their legal representatives enter a discussion with his 

employer. One employee wants to go for a cash setttlement out of court. The other 

wants to play the case out. Newspapers publicise the representatives of the employee 

who stress the need for justice. After all, the employee has been done wrong. 

 

05 *Late-biasing context, Late-resolving target* Two disgruntled employees want to 

sue for unfair dismissal. Their legal representatives enter a discussion with his 

employer. One employee wants to go for a cash setttlement out of court. The other 

wants to play the case out. Newspapers publicise the representatives of the employee 

who stresses the need for justice. After all, the employee has been done wrong. 

 

06 Neutral context, Early-resolving target A periodical brings out a special issue that is 

devoted to investments and new trends in the stock market. The periodical is known for 

its objective coverage, but this time the interviewer is rather subjective. The article 

honours the manager of the brokers who buys shares on the stock market. 

Apparently, the interviewer thinks that the manager has hit the big time. 

 

06 *Neutral context, Late-resolving target* A periodical brings out a special issue that is 

devoted to investments and new trends in the stock market. The periodical is known for 

its objective coverage, but this time the interviewer is rather subjective. The article 

honours the manager of the brokers who buy shares on the stock market. 

Apparently, the interviewer thinks that the manager has hit the big time. 
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06 *Early-biasing context, Early-resolving target* A periodical interviews two men who 

both manage some brokers. One manager is very successful and invests in the stock 

market. The other just started and his profits are not yet high enough to invest. The 

article honours the manager of the brokers who buys shares on the stock market. 

Apparently, the interviewer thinks that the manager has hit the big time. 

 

06 *Early-biasing context, Late-resolving target* A periodical interviews two men who 

both manage some brokers. One manager is very successful and invests at the stock 

market. The other just started and his profits are not yet high enough to invest. The 

article honours the manager of the brokers who buy shares on the stock market. 

Apparently, the interviewer thinks that the manager has hit the big time. 

 

06 *Late-biasing context, Early-resolving target* A periodical interviews a man who is 

the manager of some brokers. Some of the brokers are very experienced and manage 

shares on the stock market. The others are new and are not yet permitted. The article 

honours the manager of the brokers who buys and sells at the stock market. 

Apparently, the interviewer thinks that the manager has hit the big time. 

 

06 *Late-biasing context, Late-resolving target* A periodical interviews a man who is 

the manager of some brokers. Some of the brokers are very experienced and manage 

shares on the stock market. The others are new and are not yet permitted. The article 

honours the manager of the brokers who buy and sell at the stock market. 

Apparently, the interviewer thinks that the manager has hit the big time. 

 

07 Neutral context, Early-resolving target Each year, the Oscars are awarded amid 

enormous interest from both the press and the public. The venue is full to capacity. 

Everybody, even those on the periphery, wishes to show their face. The jury torment 

the crew members of the famous director who hope for an Oscar. It takes a long 

time before the winners are announced. 

 

07 *Neutral context, Late-resolving target* As every year the Oscars are distributed 

with an enormous interest of press and public. The venue is full to capacity. Everybody, 

even those on the periphery, wishes to show their face. The jury torment the crew 
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members of the famous director who hopes for an Oscar. It takes a long time before 

the winners are announced. 

 

07 *Early-biasing context, Early-resolving target* The film crew of a famous director 

are present at the Oscar ceremony. Several crew members hope that they will receive 

individual Oscars. A few others mainly come along to morally support their colleagues. 

The jury torment the crew members of the famous director who hope for an 

Oscar. It takes a long time before the winners are announced.   

 

07 *Early-biasing context, Late-resolving target* The film crew of a famous director are 

present at the Oscar ceremony. Several crew members hope that they will receive an 

individual Oscar. A few others mainly come along to morally support their colleagues. 

The jury torments the crew members of the famous director who hopes for an 

Oscar. It takes a long time before the winners are announced.   

 

07 *Late-biasing context, Early-resolving target* The film crews of two famous 

directors are present at the Oscar ceremony. One famous director hopes that he will 

receive an individual Oscar. The other director mainly came along to morally support 

his colleagues. The jury torments the crew members of the famous director who 

hope for an Oscar. It takes a long time before the winners are announced.   

 

07 *Late-biasing context, Late-resolving target* The film crews of two famous directors 

are present at the Oscar ceremony. One famous director hopes that he will receive an 

individual Oscar. The other director mainly came along to morally support his 

colleagues. The jury torments the crew members of the famous director who hopes 

for an Oscar. It takes a long time before the winners are announced.   

 

08 Neutral context, Early-resolving target In a speech, the prime minister talks about 

problems within his own party. The media are stunned. After all, it is almost an 

admission of defeat. The prime minister quotes his critics. The most memorable quote 

comes from the spokesman of the members who is pessimistic about the future. 

The prime minister’s speech is warmly received. 
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08 *Neutral context, Late-resolving target* In a speech, the prime minister talks about 

problems within his own party. The media are stunned. After all, it is almost an 

admission of defeat. The prime minister quotes his critics. The most memorable quote 

comes from the spokesman of the members who are pessimistic about the future. 

The prime minister’s speech is warmly received. 

 

08 *Early-biasing context, Early-resolving target* In a speech, the prime minister 

quotes from two party spokesmen. They speak for other party members. One spokesman 

thinks that everything will remain stable. The other thinks that a big upheaval is 

imminent. The most memorable quote comes from the spokesman of the members 

who is pessimistic about the future. The prime minister’s speech is warmly received. 

 

08 *Early-biasing context, Late-resolving target* In a speech, the prime minister quotes 

from two party spokesmen. They speak for other party members. One spokesman thinks 

that everything will remain stable. The other thinks that a big upheaval is imminent. 

The most memorable quote comes from the spokesman of the members who are 

pessimistic about the future. The prime minister’s speech is warmly received. 

 

08 *Late-biasing context, Early-resolving target* In a speech, the prime minister quotes 

from two party spokesmen. They speak for other party members. Some members think 

that everything will remain stable. The others think that a big upheaval is imminent. 

The most memorable quote comes from the spokesman of the members who is 

pessimistic about the future. The prime minister’s speech is warmly received. 

 

08 *Late-biasing context, Late-resolving target* In a speech, the prime minister quotes 

from two party spokesmen. They speak for other party members. Some members think 

that everything will remain stable. The others think that a big upheaval is imminent. 

The most memorable quote comes from the spokesman of the members who are 

pessimistic about the future. The prime minister’s speech is warmly received. 

 

09 *Neutral context, Early-resolving target* A rescue party is sent to a crashed 

aeroplane. Naturally, everybody is anxious because it is a terrible accident. The 

situation is made worse by the large number of onlookers. Later, a man helps the 
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rescuer of the casualties who weeps inconsolably. He seems to be a policeman 

helping with crowd control. 

 

09 *Neutral context, Late-resolving target* A rescue party is sent to a crashed 

aeroplane. Naturally, everybody is anxious because it is a terrible accident. The 

situation is made worse by the large number of onlookers. Later, a man helps the 

rescuer of the casualties who weep inconsolably. He seems to be a policeman helping 

with crowd control. 

 

09 *Early-biasing context, Early-resolving target* A rescue party is sent to a crashed 

aeroplane. One group of rescuers recovers a casualty from the burning wreckage. While 

some of the rescuers remain calm, the others react somewhat hysterically. Later, a man 

helps the rescuer of the casualties who weeps inconsolably. He seems to be a 

policeman helping with crowd control. 

 

09 *Early-biasing context, Late-resolving target* A rescue party is sent to a crashed 

aeroplane. One group of rescuers recovers a casualty from the burning wreckage. While 

some of the rescuers remain calm, the others react somewhat hysterically. Later, a man 

helps the rescuer of the casualties who weep inconsolably. He seems to be a 

policeman helping with crowd control. 

 

09 *Late-biasing context, Early-resolving target* A rescue party is sent to a crashed 

aeroplane. One group of rescuers recovers four casualties from the burning wreckage. 

While two casualties stay calm, the other two react somewhat hysterically. Later, a man 

helps the rescuer of the casualties who weeps inconsolably. He seems to be a 

policeman helping with crowd control. 

 

09 *Late-biasing context, Late-resolving target* A rescue party is sent to a crashed 

aeroplane. One group of rescuers recovers four casualties from the burning wreckage. 

While two casualties stay calm, the other two react somewhat hysterically. Later, a man 

helps the rescuer of the casualties who weep inconsolably. He seems to be a 

policeman helping with crowd control. 
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10 Neutral context, Early-resolving target The police is dealing with a political scandal. 

Some highly placed politicians help with enquiries. Since most of them are cooperative, 

the investigation proceeds smoothly. Officers interrogate the advisor of the 

politicians who talks with a soft voice. Later in the day, some politicians are charged. 

 

10 *Neutral context, Late-resolving target* The police is dealing with a political 

scandal. Some highly placed politicians help with enquiries. Since most of them are 

cooperative, the investigation proceeds smoothly. Officers interrogate the advisor of 

the politicians who talk with a soft voice. Later in the day, some politicians are 

charged. 

 

10 *Early-biasing context, Early-resolving target* The police is dealing with a political 

scandal. Two advisors who work for politicians are arrested on suspicion of 

embezzlement. Although one advisor panics, the other is subdued. Officers interrogate 

the advisor of the politicians who talks with a soft voice. Later in the day, some 

politicians are charged. 

 

10 *Early-biasing context, Late-resolving target* The police is dealing with a political 

scandal. Two advisors who work for politicians are arrested on suspicion of 

embezzlement. Although one advisor panics, the other is subdued. Officers interrogate 

the advisor of the politicians who talk with a soft voice. Later in the day, some 

politicians are charged. 

 

10 *Late-biasing context, Early-resolving target* The police is dealing with a political 

scandal. An advisor who works for some politicians is arrested on suspicion of 

embezzlement. Although one group of politicians panics, the others are subdued. The 

officers interrogate the advisor of the politicians who talks with a soft voice. Later 

in the day, some politicians are charged. 

 

10 *Late-biasing context, Late-resolving target* The police is dealing with a political 

scandal. An advisor who works for some politicians is arrested on suspicion of 

embezzlement. Although one group of politicians panics, the others are subdued. The 

officers interrogate the advisor of the politicians who talk with a soft voice. Later in 

the day, some politicians are charged. 
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11 Neutral context, Early-resolving target The supporters of an athletics club like to 

follow their idols to competitions. Most of the time, they keep quiet and make little 

noise. This time, however, is clearly an exception. The supporters shout out to the 

rival of the athletes who runs like a cheetah. They hope to break his concentration. 

 

11 *Neutral context, Late-resolving target* The supporters of an athletics club like to 

follow their idols to competitions. Most of the time, they keep quiet and make little 

noise. This time, however, is clearly an exception. The supporters shout out to the 

rival of the athletes who run like a cheetah. They hope to break his concentration. 

 

11 *Early-biasing context, Early-resolving target* The supporters of an athletics club 

despise the two rivals of their idols. One rival is not such a good runner and does not 

receive that much attention. The other, by contrast, has a breathtaking running style. 

The supporters shout out to the rival of the athletes who runs like a cheetah. They 

hope to break his concentration. 

 

11 *Early-biasing context, Late-resolving target* The supporters of an athletics club 

despise the two rivals of their idols. One rival is not such a good runner and does not 

receive that much attention. The other, by contrast, has a breathtaking running style. 

The supporters shout out to the rival of the athletes who run like a cheetah. They 

hope to break his concentration. 

 

11 *Late-biasing context, Early-resolving target* The supporters of an athletics club 

despise a rival of their idols. Some athletes are not such good runners and subsequently 

do not receive that much attention, but the others have a breathtaking running style. The 

supporters shout out to the rival of the athletes who runs like a cheetah. They hope 

to break his concentration. 

 

11 *Late-biasing context, Late-resolving target* The supporters of an athletics club 

despise a rival of their idols. Some athletes are not such good runners and subsequently 

do not receive that much attention, but the others have a breathtaking running style. The 

supporters shout out to the rival of the athletes who run like a cheetah. They hope 

to break his concentration. 
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12 Neutral context, Early-resolving target A nurse, who has also studied psychology, 

works in the hospital. Her main task is the support of mental patients. Today, she has an 

unusually strange task. The nurse comforts the visitors of the patient who weep with 

grief. On the whole, this seems to soothe them a little. 

 

12 *Neutral context, Late-resolving target* A nurse, who has also studied psychology, 

works in the hospital. Her main task is the support of mental patients. Today, she has an 

unusually strange task. The nurse comforts the visitors of the patient who weeps 

with grief. On the whole, this seems to soothe them a little. 

 

12 *Early-biasing context, Early-resolving target* A doctor tells a patient and his 

visitors that he has two months left to live. Although some few visitors try to be brave, 

there are some who weep bitterly. The nurse comforts the visitors of the patient who 

weep with grief. On the whole, this seems to soothe them a little. 

 

12 *Early-biasing context, Late-resolving target* A doctor tells a patient and his visitors 

that he has only two months left to live. Although some few visitors try to be brave, 

there are some who weep bitterly. The nurse comforts the visitors of the patient who 

weeps with grief. On the whole, this seems to soothe them a little. 

 

12 *Late-biasing context, Early-resolving target* A doctor tells two patients and their 

visitors that they have only two more months left to live. Although one patient tries to 

be brave, the other weeps bitterly. The nurse comforts the visitors of the patient who 

weep with grief. On the whole, this seems to soothe them a little. 

 

12 *Late-biasing context, Late-resolving target* A doctor tells two patients and their 

visitors that they have only two more months left to live. Although one patient tries to 

be brave, the other weeps bitterly. The nurse comforts the visitors of the patient who 

weeps with grief. On the whole, this seems to soothe them a little. 

 

13 Neutral context, Early-resolving target In a small block of flats on the outskirts of 

Exeter live a number of people who get on well. They often go fishing together. For that 

they use live bait, but not everyone is in favour of this. Mark and Jennifer intimidate 
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the neighbours of the senior citizen who go fishing. So doing, they hope to put an end 

to this animal cruelty.    

 

13 *Neutral context, Late-resolving target* In a small block of flats on the outskirts of 

Exeter live a number of people who get on well. They often go fishing together. For that 

they use live bait, but not everyone is in favour of this. Mark and Jennifer intimidate 

the neighbours of the senior citizen who goes fishing. So doing, they hope to put an 

end to this animal cruelty.    

 

13 *Early-biasing context, Early-resolving target* A senior citizen lives in a block of 

flats. Some neighbours like cycling and they leave town quite often. The other 

neighbours opposite to him prefer to go fishing, just like he does. Mark and Jennifer 

intimidate the neighbours of the senior citizen who go fishing. So doing, they hope 

to put an end to this animal cruelty.  

 

13 *Early-biasing context, Late-resolving target* A senior citizen lives in a block of 

flats. Some neighbours like cycling and they leave town quite often. The other 

neighbours opposite to him prefer to go fishing, just like he does. Mark and Jennifer 

intimidate the neighbours of the senior citizen who goes fishing. So doing, they hope 

to put an end to this animal cruelty. 

 

13 *Late-biasing context, Early-resolving target* Two senior citizens live in a block of 

flats. One senior citizen likes cycling and he leaves town quite often. The other prefers 

to go fishing, just like his neighbours do. Mark and Jennifer intimidate the 

neighbours of the senior citizen who go fishing. So doing, they hope to put an end to 

this animal cruelty. 

 

13 *Late-biasing context, Late-resolving target* Two senior citizens live in a block of 

flats. One senior citizen likes cycling and he leaves town quite often. The other prefers 

to go fishing, just like his neighbours do. Mark and Jennifer intimidate the 

neighbours of the senior citizen who goes fishing. So doing, they hope to put an end 

to this animal cruelty. 
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14 Neutral context, Early-resolving target A university professor investigates which 

study method leads to the best results. The research has different phases. In the first 

phase, he simply asks a lot of people and their families for their study method. The 

professor praises the cousins of the student who underline what is important. He is 

convinced that theirs is the best study method. 

 

14 *Neutral context, Late-resolving target* A university professor investigates which 

study method leads to the best results. The research has different phases. In the first 

phase, he simply asks a lot of people and their families for their study method. The 

professor praises the cousins of the student who underlines what is important. He 

is convinced that theirs is the best study method. 

 

14 *Early-biasing context, Early-resolving target* A student lives together with his 

cousins in a hall of residence in Brussels. However, each one has their own study 

method. Some cousins revise their notes just once, but most are more thorough. The 

others make a summary of what they need to revise. The professor praises the cousins 

of the student who underline what is important. He is convinced that theirs is the 

best study method. 

 

14 *Early-biasing context, Late-resolving target* A student lives together with his 

cousins in a hall of residence in Brussels. However, each one has their own study 

method. Some cousins revise their course just once, but most are more thorough. The 

others make a summary of what they need to revise. The professor praises the cousins 

of the student who underlines what is important. He is convinced that theirs is the 

best study method. 

 

14 *Late-biasing context, Early-resolving target* Two students live together with their 

cousins in a hall of residence in Brussels. However, each one has their own study 

method. One student revises his course just once, but most are more thorough. The other 

makes a summary of what they need to revise. The professor praises the cousins of 

the student who underline what is important. He is convinced that theirs is the best 

study method. 
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14 *Late-biasing context, Late-resolving target* Two students live together with their 

cousins in a hall of residence in Brussels. However, each one has their own study 

method. One student reads his course just once, but most are more thorough. The other 

makes a summary of what they need to revise. The professor praises the cousins of 

the student who underlines what is important. He is convinced that theirs is the best 

study method. 

 

15 Neutral context, Early-resolving target From next week onwards, a variety of 

documentaries about some monks will appear on television. On some occasions, they 

only think about praying and working. On others, they think about the journeys they 

would like to make. The first documentary follows the abbot of the monks who 

dreams of holidays. The second shall follow a more dedicated monk.    

 

15 *Neutral context, Late-resolving target* From next week onwards, a variety of 

documentaries about some monks will appear on television. On some occasions, they 

only think about praying and working. On others, they think about the journeys they 

would like to make. The first documentary follows the abbot of the monks who 

dream of holidays. The second shall follow a more dedicated monk.    

 

15 *Early-biasing context, Early-resolving target* From next week onwards, a variety 

of documentaries about some monks will appear on television. One abbot is very 

dedicated and prays constantly. The other is very modern and thinks about the journeys 

he would like to make. The first documentary follows the abbot of the monks who 

dreams of holidays. The second shall follow a more dedicated monk.    

 

15 *Early-biasing context, Late-resolving target* From next week onwards, a variety of 

documentaries about some monks and two abbots will appear on television. One abbot 

is very dedicated and prays constantly. The other is very modern and thinks about the 

journeys he would like to make. The first documentary follows the abbot of the 

monks who dream of holidays. The second shall follow a more dedicated monk.    

 

15 *Late-biasing context, Early-resolving target* From next week onwards, a variety of 

documentaries about some monks and their abbot will appear on television. Some 

monks are very dedicated and pray constantly. The others think about the journeys they 
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would like to make. The first documentary follows the abbot of the monks who 

dreams of holidays. The second shall follow a more dedicated monk.    

 

15 *Late-biasing context, Late-resolving target* From next week onwards, a variety of 

documentaries about some monks and their abbot will be on TV. Some monks are very 

dedicated and pray constantly. The others think about the journeys they would like to 

make. The first documentary follows the abbot of the monks who dreams of 

holidays. The second shall follow a more dedicated monk.    

 

16 Neutral context, Early-resolving target The press seize upon a new book that has 

entered the best-selling list. The book raises a number of theological questions. Many 

commentators find it odd that the press tackle such a complicated issue. The press talk 

to the spokesmen of the prophet who claim that God does not exist. The press 

always look for sensational news. 

 

16 *Neutral context, Late-resolving target* The press seize upon a new book that has 

entered the best-selling list. The book raises a number of theological questions. Many 

commentators find it odd that the press tackle such a complicated issue. The press talk 

to the spokesmen of the prophet who claims that God does not exist. The press 

always look for sensational news. 

 

16 *Early-biasing context, Early-resolving target* After the publication of a religious 

book, which becomes a best-seller, the media interviews several spokesmen for 

different religious prophets. Some spokesmen are very forthcoming. Others are more 

evasive. The press talk to the spokesmen of the prophet who claim that God does 

not exist. The press always look for sensational news. 

 

16 *Early-biasing context, Late-resolving target* After the publication of a religious 

book, which becomes a best-seller, the media interviews several spokesmen for 

different religious prophets. Some spokesmen are very forthcoming. Others are more 

evasive. The press talk to the spokesmen of the prophet who claims that God does 

not exist. The press always look for sensational news. 
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16 *Late-biasing context, Early-resolving target* After the publication of a religious 

book, which becomes a best-seller, the media interviews several spokesmen for 

different religious prophets. Some prophets are very forthcoming. Others are more 

evasive. The press talk to the spokesmen of the prophet who claim that God does 

not exist. The press always look for sensational news. 

 

16 *Late-biasing context, Late-resolving target* After the publication of a religious 

book, which becomes a best-seller, the media interviews several spokesmen for 

different religious prophets. Some prophets are very forthcoming. Others are more 

evasive. The press talk to the spokesmen of the prophet who claims that God does 

not exist. The press always look for sensational news. 

 

17 Neutral context, Early-resolving target John and Mary want to leave their child at 

home when they go out to an opera. First, they call for babysitters. When they leave 

there is a violent electrical storm. The opera is terrific and both John and Mary enjoy 

themselves. Later, the parents return to the babysitters of the child who shake with 

every thunderclap. The babysitters get extra money. 

 

17 *Neutral context, Late-resolving target* John and Mary want to leave their child at 

home when they go out to an opera. First, they call for babysitters. When they leave 

there is a violent electrical storm. The opera is terrific and both John and Mary enjoy 

themselves. Later, the parents return to the babysitters of the child who shakes 

with every thunderclap. The babysitters get extra money. 

 

17 *Early-biasing context, Early-resolving target* The parents of two children decide to 

visit the opera. They call some babysitters and they all arrive in the midst of an 

electrical storm. Some babysitters are not afraid. Others hide behind the sofa. Later, the 

parents return to the babysitters of the child who shake with every thunderclap. 

The babysitters get extra money.               

 

17 *Early-biasing context, Late-resolving target* The parents of two children decide to 

visit the opera. They call some babysitters and they all arrive in the midst of an 

electrical storm. Some babysitters are not afraid. Others hide behind the sofa. Later, the 
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parents return to the babysitters of the child who shakes with every thunderclap. 

The babysitters get extra money.   

 

17 *Late-biasing context, Early-resolving target* The parents of two children decide to 

visit the opera. They call some babysitters and they all arrive in the midst of an 

electrical storm. One child is not afraid. The other hides behind the sofa. Later, the 

parents return to the babysitters of the child who shake with every thunderclap. 

The babysitters get extra money.   

 

17 *Late-biasing context, Late-resolving target* The parents of two children decide to 

visit the opera. They call some babysitters and they all arrive in the midst of an 

electrical storm. One child is not afraid. The other hides behind the sofa. Later, the 

parents return to the babysitters of the child who shakes with every thunderclap. 

The babysitters get extra money.   

 

18 Neutral context, Early-resolving target On the commercial channel the programmes 

are always interrupted by commercials that lack originality. Take, for example, that 

famous cat food advert. The concept has been used for many years. The advert focuses 

on the owner of the cats who adores Whiskas. The idea is that potential buyers will 

relate to her. 

 

18 *Neutral context, Late-resolving target* On the commercial channel the programmes 

are always interrupted by commercials that lack originality. Take, for example, that 

famous cat food advert. The concept has been used for many years. The advert focuses 

on the owner of the cats who adore Whiskas. The idea is that potential buyers will 

relate to her. 

 

18 *Early-biasing context, Early-resolving target* In an advert two owners of cats are 

shown. One owner is dedicated to Whiskas. The other always buys another well-known 

brand, which they call X. The advert focuses on the owner of the cats who adores 

Whiskas. The idea is that potential buyers will relate to her. 

 

18 *Early-biasing context, Late-resolving target* In an advert two owners of cats are 

shown. One owner is dedicated to Whiskas. The other always buys another well-known 
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brand, which they call X. The advert focuses on the owner of the cats who adore 

Whiskas. The idea is that potential buyers will relate to her. 

 

18 *Late-biasing context, Early-resolving target* In an advert an owner of cats is 

shown. Some cats are dedicated to Whiskas. The others always prefer another well-

known brand, which they call X. The advert focuses on the owner of the cats who 

adores Whiskas. The idea is that potential buyers will relate to her. 

 

18 *Late-biasing context, Late-resolving target* In an advert an owner of cats is shown. 

Some cats are dedicated to Whiskas. The others always prefer another well-known 

brand, which they call X. The spot focuses on the owner of the cats who adore 

Whiskas. The idea is that potential buyers will relate to her. 

 

19 Neutral context, Early-resolving target A famous manufacturing company is fifty 

years old and a celebration is held. Nearly all its employees and executive staff 

members come along with their families. Given the special occasion, the company 

chairman gives a speech. He honours the directors of the founder who glow with 

health. Everyone likes the speech and gives a standing ovation. 

 

19 *Neutral context, Late-resolving target* A famous manufacturing company is fifty 

years old and a celebration is held. Nearly all its employees and executive staff 

members come along with their families. Given the special occasion, the company 

chairman gives a speech. He honours the directors of the founder who glows with 

health. Everyone likes the speech and gives a standing ovation. 

 

19 *Early-biasing context, Early-resolving target* A famous manufacturing company is 

fifty years old and a celebration is held. Two of the first founders and some directors are 

present. While some directors have retired, others are still actively involved in 

management. The company chairman gives a speech. He honours the directors of the 

founder who glow with health. Everyone likes the speech and gives a standing 

ovation. 

 

19 *Early-biasing context, Late-resolving target* A famous manufacturing company is 

fifty years old and a celebration is held. Two of the first founders and some directors are 
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present. While some directors have retired, others are still actively involved in 

management. The company chairman gives a speech. He honours the directors of the 

founder who glows with health. Everyone likes the speech and gives a standing 

ovation. 

 

19 *Late-biasing context, Early-resolving target* A famous manufacturing company is 

fifty years old and a celebration is held. Two of the first founders and some directors are 

present. While one founder has retired, the other is still actively involved in 

management. The company chairman gives a speech. He honours the directors of the 

founder who glow with health. Everyone likes the speech and gives a standing 

ovation. 

 

19 *Late-biasing context, Late-resolving target* A famous manufacturing company is 

fifty years old and a celebration is held. Two of the first founders and some directors are 

present. While one founder has retired, the other is still actively involved in 

management. The company chairman gives a speech. He honours the directors of the 

founder who glows with health. Everyone likes the speech and gives a standing 

ovation. 

 

20 Neutral context, Early-resolving target There is international concern about the abuse 

of human rights. In South America, a taskforce is set up to recognise those people who 

contribute to upholding human rights. It makes recommendations to well-known 

agencies. Amnesty International honours the lawyer of the campaigners who is 

concerned about individual freedom. Not everybody in South America thinks the 

award is a good idea. 

 

20 *Neutral context, Late-resolving target* There is international concern about the 

abuse of human rights. In South America, a taskforce is set up to recognise those people 

who contribute to upholding human rights. It makes recommendations to well-known 

agencies. Amnesty International honours the lawyer of the campaigners who are 

concerned about individual freedom. Not everybody in South America thinks the 

award is a good idea. 
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20 *Early-biasing context, Early-resolving target* In South America, lawyers and 

campaigners work together on human rights cases. One lawyer champions fair treatment 

for children. The other takes cases of unfair imprisonment. Amnesty International 

honours the lawyer of the campaigners who is concerned about individual 

freedom. Not everybody in South America thinks the award is a good idea. 

 

20 *Early-biasing context, Late-resolving target* In South America, lawyers and 

campaigners work together on human rights cases. One lawyer champions fair treatment 

for children. The other takes cases of unfair imprisonment. Amnesty International 

honours the lawyer of the campaigners who are concerned about individual 

freedom. Not everybody in South America thinks the award is a good idea.  

 

20 *Late-biasing context, Early-resolving target* In South America, a lawyer and some 

campaigners work together on human rights cases. Some campaigners champion fair 

treatment for children. The others take cases of unfair imprisonment. Amnesty 

International honours the lawyer of the campaigners who is concerned about 

individual freedom. Not everybody in South America thinks the award is a good idea.  

 

20 *Late-biasing context, Late-resolving target* In South America, a lawyer and some 

campaigners work together on human rights cases. Some campaigners champion fair 

treatment for children. The others take cases of unfair imprisonment. Amnesty 

International honours the lawyer of the campaigners who are concerned about 

individual freedom. Not everybody in South America thinks the award is a good idea. 

 

21 Neutral context, Early-resolving target Every Monday morning a teacher gives 

mathematics at a grammar school. Originally, he wanted to be a pilot, but his parents 

wanted him to become a teacher. When the school inspector arrives, there is usually 

trouble. The inspector humiliates the pupils of the teacher who are fed up with 

mathematics. The inspector enjoys his job. 

 

21 *Neutral context, Late-resolving target* Every Monday morning a teacher gives 

mathematics at a grammar school. Originally, he wanted to be a pilot, but his parents 

wanted him to become a teacher. When the school inspector arrives, there is usually 
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trouble. The inspector humiliates the pupils of the teacher who is fed up with 

mathematics. The inspector enjoys his job. 

 

21 *Early-biasing context, Early-resolving target* An inspector visits the maths class of 

a grammar school. Some pupils hate mathematics and do not pay attention. The others 

hate the subject but try to participate. The inspector humiliates the pupils of the 

teacher who are fed up with mathematics. The inspector enjoys his job. 

 

21 *Early-biasing context, Late-resolving target* An inspector visits the maths class of 

a grammar school. Some pupils hate mathematics and do not pay attention. The others 

hate the subject but try to participate. The inspector humiliates the pupils of the 

teacher who is fed up with mathematics. The inspector enjoys his job. 

 

21 *Late-biasing context, Early-resolving target* An inspector visits two maths classes 

at a grammar school. One teacher is a substitute and is not good with mathematics. The 

other is an inspiring teacher. The inspector humiliates the pupils of the teacher who 

are fed up with mathematics. The inspector enjoys his job. 

 

21 *Late-biasing context, Late-resolving target* An inspector visits two maths classes at 

a grammar school. One teacher is a substitute and is not good with mathematics. The 

other is an inspiring teacher. The inspector humiliates the pupils of the teacher who 

is fed up with mathematics. The inspector enjoys his job. 

 

22 Neutral context, Early-resolving target A man sees a bulk of students standing 

together. This is not an unusual sight because that corner is well known as a speaker’s 

area. Because the man is fairly curious, he walks closer in order to listen in. The man 

hears the friends of the gossip who announce what’s going on. He isn’t interested, so 

he walks on. 

 

22 *Neutral context, Late-resolving target* A man sees a bulk of students standing 

together. This is not an unusual sight because that corner is well known as a speaker’s 

area. Because the man is fairly curious, he walks closer in order to listen in. The man 

hears the friends of the gossip who announces what’s going on. He isn’t interested, 

so he walks on. 
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22 *Early-biasing context, Early-resolving target* A man sees a group of students 

standing together. He recognises one as a well-known gossip. She and some of her 

friends are reading leaflets aloud. Two of the friends announce what’s going on this 

coming weekend. The others promote the student union. The man hears the friends of 

the gossip who announce what’s going on. He isn’t interested, so he walks on. 

 

22 *Early-biasing context, Late-resolving target* A man sees a group of students 

standing together. He recognises one as a well-known gossip. She and some of her 

friends are reading leaflets aloud. Two of the friends announce what’s going on this 

coming weekend. The others promote the student union. The man hears the friends of 

the gossip who announces what’s going on. He isn’t interested, so he walks on. 

 

22 *Late-biasing context, Early-resolving target* A man sees a group of students 

standing together. He recognises two as well-known gossips. The gossips and some of 

their friends are reading leaflets aloud. One gossip announces what’s going on this 

coming weekend. The other promote the student union. The man hears the friends of 

the gossip who announce what’s going on. He isn’t interested, so he walks on. 

 

22 *Late-biasing context, Late-resolving target* A man sees a group of students 

standing together. He recognises two as well-known gossips. The gossips and some of 

their friends are reading leaflets aloud. One gossip announces what’s going on this 

coming weekend. The other promote the student union. The man hears the friends of 

the gossip who announce what’s going on. He isn’t interested, so he walks on. 

 

23 Neutral context, Early-resolving target A Spanish soap opera revolves around the 

romantic escapades of a baron. He is not very popular among the Spanish viewing 

public because he’s quite a freeloader. Some characters, on the other hand, are well 

loved. Viewers have respect for the sweethearts of the baron who ask to get 

married. After all, these sentiments are expressed by very reputable actresses. 

 

23 *Neutral context, Late-resolving target* A Spanish soap opera revolves around the 

romantic escapades of a baron. He is not very popular among the Spanish viewing 

public because he’s quite a freeloader. Some characters, on the other hand, are well 
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loved. Viewers have respect for the sweethearts of the baron who asks to get 

married. After all, these sentiments are expressed by very reputable actresses. 

 

23 *Early-biasing context, Early-resolving target* A Spanish soap opera revolves 

around the romantic escapades of a baron. He has many affairs. While some sweethearts 

come across as very intelligent, it is obvious that the others are little more than pretty 

faces. Viewers have respect for the sweethearts of the baron who ask to get 

married. After all, these sentiments are expressed by very reputable actresses. 

 

23 *Early-biasing context, Late-resolving target* A Spanish soap opera revolves around 

the romantic escapades of a baron. He has many affairs. While some sweethearts come 

across as very intelligent, it is obvious that the others are little more than pretty faces. 

Viewers have respect for the sweethearts of the baron who asks to get married. 

After all, these sentiments are expressed by very reputable actresses. 

 

23 *Late-biasing context, Early-resolving target* A Spanish soap opera revolves around 

the romantic escapades of two barons. They have many affairs. While one baron comes 

across as very intelligent, it is obvious that the other is little more than a pretty face. 

Viewers have respect for the sweethearts of the baron who ask to get married. 

After all, these sentiments are expressed by very reputable actresses. 

 

23 *Late-biasing context, Late-resolving target* A Spanish soap opera revolves around 

the romantic escapades of two barons. They have many affairs. While one baron comes 

across as very intelligent, it is obvious that the other is little more than a pretty face. 

Viewers have respect for the sweethearts of the baron who asks to get married. 

After all, these sentiments are expressed by very reputable actresses. 

 

24 Neutral context, Early-resolving target When the weather is fine, there is always a 

crowd around the lake. While several people windsurf, there are some who sail a boat. 

The cheerful atmosphere and the beautiful weather lead to some scenes. A windsurfer 

giggles at the friend of the boys who sails with a boat. After all, she is not dressed for 

water sports. 
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24 *Neutral context, Late-resolving target* When the weather is fine, there is always a 

crowd around the lake. While several people windsurf, there are some who sail a boat. 

The cheerful atmosphere and the beautiful weather lead to some scenes. A windsurfer 

giggles at the friend of the boys who sail with a boat. After all, she is not dressed for 

water sports. 

 

24 *Early-biasing context, Early-resolving target* On a beautiful summer day a few 

boys and two girls are sunbathing at a southern lake. One of the girls decides to go 

sailing. The other is scared and stays on the shore. A windsurfer giggles at the friend 

of the boys who sails with a boat. After all, she is not dressed for water sports. 

 

24 *Early-biasing context, Late-resolving target* On a beautiful summer day a few boys 

and two girls are sunbathing at a southern lake. One of the girls decides to go sailing. 

The other is unconvinced and stays on the shore. A windsurfer giggles at the friend of 

the boys who sail with a boat. After all, she is not dressed for water sports. 

 

24 *Late-biasing context, Early-resolving target* On a beautiful summer day some boys 

and their girlfriends are sunbathing at a southern lake. Some boys decide to go sailing. 

The others are unconvinced and stay on the shore. A windsurfer giggles at the friend 

of the boys who sails with a boat. After all, she is not dressed for water sports. 

 

24 *Late-biasing context, Late-resolving target* On a beautiful summer day some boys 

and their girlfriends are sunbathing at a southern lake. Some boys decide to go sailing. 

The others are unconvinced and stay on the shore A windsurfer giggles at the friend 

of the boys who sail with a boat. After all, she is not dressed for water sports. 

 

25 Neutral context, Early-resolving target Peter is a dedicated fan of several Celtic 

artists. He often writes letters to ask for a signature or just to show his support. Now he 

sits at his desk to write yet another a letter. Peter writes to the sisters of the singer 

who think of dieting. In his opinion, it is not a good idea. 

 

25 *Neutral context, Late-resolving target* Peter is a dedicated fan of several Celtic 

artists. He often writes letters to ask for a signature or just to show his support. Now he 
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sits at his desk to write yet another a letter. Peter writes to the sisters of the singer 

who thinks of dieting. In his opinion, it is not a good idea. 

 

25 *Early-biasing context, Early-resolving target* Peter is a dedicated fan of several 

Celtic artists. A singer, like some of her sisters, is overweight. The others have perfect 

figures and therefore receive more media attention. Peter writes to the sisters of the 

singer who think of dieting. In his opinion, it is not a good idea. 

 

25 *Early-biasing context, Late-resolving target* Peter is a dedicated fan of several 

Celtic artists. A singer, like some of her sisters, is overweight. The others have perfect 

figures and therefore receive more media attention. Peter writes to the sisters of the 

singer who thinks of dieting. In his opinion, it is not a good idea. 

 

25 *Late-biasing context, Early-resolving target* Peter is a dedicated fan of two singers 

who have several sisters. One singer, like her sisters, is overweight. The other has a 

perfect figure and therefore receives more media attention. Peter writes to the sisters 

of the singer who think of dieting. In his opinion, it is not a good idea. 

 

25 *Late-biasing context, Late-resolving target* Peter is a dedicated fan of two singers 

who have several sisters. One singer, like her sisters, is overweight. The other has a 

perfect figure and therefore receives more media attention. Peter writes to the sisters 

of the singer who thinks of dieting. In his opinion, it is not a good idea. 

 

26 Neutral context, Early-resolving target Every Sunday afternoon my wife and I walk 

through the city centre of Exeter. There are quite a few beautiful buildings to visit and 

some areas are very pleasant. What’s more, we often bump into people we know. Only 

yesterday, we saw the brother of the nurses who smokes like a chimney. He was 

very friendly and we talked for nearly half an hour. 

 

26 *Neutral context, Late-resolving target* Every Sunday afternoon my wife and I walk 

through the city centre of Exeter. There are quite a few beautiful buildings to visit and 

some areas are very pleasant. What’s more, we often bump into people we know. Only 

yesterday, we saw the brother of the nurses who smoke like a chimney. He was very 

friendly and we talked for nearly half an hour. 
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26 *Early-biasing context, Early-resolving target* A couple of sisters who are nurses 

talk about their two brothers. One brother is easily stressed and is often ill. The other 

takes better care of his health. Only yesterday, we saw the brother of the nurses who 

smokes like a chimney. He was very friendly and we talked for nearly half an hour. 

 

26 *Early-biasing context, Late-resolving target* A couple of sisters who are nurses talk 

about their two brothers. One brother is easily stressed and is often ill. The other takes 

better care of his health. Only yesterday, we saw the brother of the nurses who 

smoke like a chimney. He was very friendly and we talked for nearly half an hour. 

 

26 *Late-biasing context, Early-resolving target* Some sisters who are nurses talk about 

their brothers. Two nurses are easily stressed and often ill. The two others take better 

care of their health. Only yesterday, we saw the brother of the nurses who smokes 

like a chimney. He was very friendly and we talked for nearly half an hour. 

 

26 *Late-biasing context, Late-resolving target* Some sisters who are nurses talk about 

their brothers. Two nurses are easily stressed and often ill. The two others take better 

care of their health. Only yesterday, we saw the brother of the nurses who smoke 

like a chimney. He was very friendly and we talked for nearly half an hour. 

 

27 Neutral context, Early-resolving target In Central Africa, a civil war rages. Due to 

the limited finances it is a primarily a guerrilla war. Accordingly, there is little 

coordination. The enemy fears the commander of the troops who attacks 

indiscriminately. This seems to be a brutal strategy. 

 

27 *Neutral context, Late-resolving target* In Central Africa, a civil war rages. Due to 

the limited finances it is a primarily a guerrilla war. Accordingly, there is little 

coordination. The enemy fears the commander of the troops who attack 

indiscriminately. This seems to be a brutal strategy. 

 

27 *Early-biasing context, Early-resolving target* During a war, two commanders and 

their troops cooperate in order to defeat the enemy. One commander tries to make his 

troops more heroic. The other decides to attack randomly. The enemy fears the 
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commander of the troops who attacks indiscriminately. This seems to be a brutal 

strategy. 

 

27 *Early-biasing context, Late-resolving target* During a war, two commanders and 

their troops cooperate in order to defeat the enemy. One commander tries to make his 

troops more heroic. The other decides to attack randomly. The enemy fears the 

commander of the troops who attack indiscriminately. This seems to be a brutal 

strategy. 

 

27 *Late-biasing context, Early-resolving target* During a war, two commanders and 

their troops cooperate in order to defeat the enemy. Some troops try to become more 

heroic. The others decide to attack randomly. The enemy fears the commander of the 

troops who attacks indiscriminately. This seems to be a brutal strategy. 

 

27 *Late-biasing context, Late-resolving target* During a war, two commanders and 

their troops cooperate in order to defeat the enemy. Some troops try to become more 

heroic. The others decide to attack randomly. The enemy fears the commander of the 

troops who attacks indiscriminately. This seems to be a brutal strategy. 

  

28 Neutral context, Early-resolving target Some children are playing football in their 

neighbours’ front garden. They do this quite often when they have holidays and the 

weather is fine. A woman is reading the newspaper in a garden chair. Suddenly, 

someone breaks the glass of the kitchen window. The woman laughs at the neighbour 

of the boys who looks agitated. She finds the whole scene hysterical. 

 

28 *Neutral context, Late-resolving target* Some children are playing football in their 

neighbours’ front garden. They do this quite often when they have holidays and the 

weather is fine. A woman is reading the newspaper in a garden chair. Suddenly, 

someone breaks the glass of the kitchen window. The woman laughs at the neighbour 

of the boys who look agitated. She finds the whole scene hysterical. 

 

28 *Early-biasing context, Early-resolving target* A woman watches some children 

playing football in their neighbours’ front garden. The two neighbours water some 

flowers. Suddenly, the bathroom window gets broken. One of the neighbours hears the 



 

257 

sound and turns. The other continues watering, oblivious. The woman laughs at the 

neighbour of the boys who looks agitated. She finds the whole scene hysterical. 

 

28 *Early-biasing context, Late-resolving target* A woman watches some children 

playing football in their neighbours’ front garden. The two neighbours water some 

flowers. Suddenly, the bathroom window gets broken. One of the neighbours hears the 

sound and turns. The other continues watering, oblivious. The woman laughs at the 

neighbour of the boys who look agitated. She finds the whole scene hysterical. 

 

28 *Late-biasing context, Early-resolving target* A woman watches some children 

playing football in their neighbour’s front garden. The neighbour waters some flowers. 

Suddenly, the bathroom window gets broken. Some of the boys hear the sound and stop 

playing. The others continue, oblivious. The woman laughs at the neighbour of the 

boys who looks agitated. She finds the whole scene hysterical. 

 

28 *Late-biasing context, Late-resolving target* A woman watches some children 

playing football in their neighbour’s front garden. The neighbour waters some flowers. 

Suddenly, the bathroom window gets broken. Some of the boys hear the sound and stop 

playing. The others continue, oblivious. The woman laughs at the neighbour of the 

boys who look agitated. She finds the whole scene hysterical. 

 

29 Neutral context, Early-resolving target In the tax office, a large number of people 

must work in a confined space. These are people who would sacrifice anything for their 

job, including lunch-breaks and weekends. The newspaper applauds the manager of 

the civil servants who lives for his work. The newspaper wants to report positive 

news. 

 

29 *Neutral context, Late-resolving target* In the tax office, a large number of people 

must work in a confined space. These are people who would sacrifice anything for their 

job, including lunch-breaks and weekends. The newspaper applauds the manager of 

the civil servants who live for their work. The newspaper wants to report positive 

news. 
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29 *Early-biasing context, Early-resolving target* In the tax office, a large number of 

people work under the supervision of two managers. One manager has a reasonable 

work ethic. The other, however, would do anything for his work. The newspaper 

applauds the manager of the civil servants who lives for his work. The newspaper 

wants to report positive news. 

 

29 *Early-biasing context, Late-resolving target* In the tax office, a large number of 

people work under the supervision of two managers. One manager has a reasonable 

work ethic. The other, however, would do anything for his work. The newspaper 

applauds the manager of the civil servants who live for their work. The newspaper 

wants to report positive news. 

 

29 *Late-biasing context, Early-resolving target* In the tax office, a large number of 

people work under the supervision of a manager. Some civil servants have a reasonable 

work ethic. The others, however, would do anything for their work. The newspaper 

applauds the manager of the civil servants who lives for his work. The newspaper 

wants to report positive news. 

 

29 *Late-biasing context, Late-resolving target* In the tax office, a large number of 

people work under the supervision of a manager. Some civil servants have a reasonable 

work ethic. The others, however, would do anything for their work. The newspaper 

applauds the manager of the civil servants who live for their work. The newspaper 

wants to report positive news. 

 

30 Neutral context, Early-resolving target On a Sunday afternoon some ministers plan 

to introduce a priest to their colleagues. It’s quite a long way by car, so they can 

exchange a great deal of gossip. Finally, they arrive in the little village. The priest 

greets the colleague of the ministers who is very studious. After that, they get to 

know each other better. 

 

30 *Neutral context, Late-resolving target* On a Sunday afternoon some ministers plan 

to introduce a priest to their colleagues. It’s quite a long way by car, so they can 

exchange a great deal of gossip. Finally, they arrive in the little village. The priest 
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greets the colleague of the ministers who are very studious. After that, they get to 

know each other better. 

 

30 *Early-biasing context, Early-resolving target* On a Sunday afternoon some 

ministers plan to introduce a priest to two colleagues. One colleague is a slob and 

always embarrasses the ministers. The other is very serious and devout. The priest 

greets the colleague of the ministers who is very studious. After that, they get to 

know each other better. 

 

30 *Early-biasing context, Late-resolving target* On a Sunday afternoon some 

ministers plan to introduce a priest to two colleagues. One colleague is a slob and 

always embarrasses the ministers. The other is very serious and devout. The priest 

greets the colleague of the ministers who are very studious. After that, they get to 

know each other better. 

 

30 *Late-biasing context, Early-resolving target* On a Sunday afternoon some 

ministers plan to introduce a priest to a colleague. Some of the ministers look very 

untidy and embarrassing. The others are very serious and devout. The priest greets the 

colleague of the ministers who is very studious. After that, they get to know each 

other better. 

 

30 *Late-biasing context, Late-resolving target* On a Sunday afternoon some ministers 

plan to introduce a priest to a colleague. Some of the ministers look very untidy and 

embarrassing. The others are very serious and devout. The priest greets the colleague 

of the ministers who are very studious. After that, they get to know each other better. 
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APPENDIX FOUR: MATERIALS FOR THE DC RST 

MATERIALS FOR THE DC RST 
 

 

This appendix contains the materials for the Daneman and Carpenter (1980) reading 

span test. Some American proper nouns were replaced with UK equivalents. For the 

procedure, see The Reading Span Test, p. 102 of this thesis. 

 

Instructions 

 
INSTRUCTIONS 

 
In this task you will be presented with a series of unrelated sentences on the computer. 

Whenever a sentence is presented to you, you are to read the sentence out loud. Some of 

the sentences make sense, and some of the sentences don’t make sense. After you finish 

reading the sentence, I want to you to say “Yes” if the sentence makes sense and “No” if 

the sentence doesn’t make sense. When you’re deciding whether or not the sentences 

make sense, keep in mind that I’m not trying to trick you with hidden meanings, so 

don’t waste too much mental energy over analysing the sentences. After answering 

“Yes” or “No” press the <space bar> and read the next sentence that appears, again 

saying “Yes” or “No” to indicate whether or not the sentence makes sense. 

 

Keep doing this until you see an X. The X means that the trial is over, and you have to 

say back to me the last word in each of the sentences in the trial. 

 

So here’s an example: [Example on computer screen] 

 

If possible, you are to say back the last words in the order in which they were presented. 

If you can’t remember them in order, you can say them in any order, but you should not 

start with the last word first, unless it is the only one you can remember. Your goal is to 

try to say back as many of the last words in the trial as possible. 
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I will be starting off with trials consisting of two sentences and will periodically 

increase the number of sentences per trial without any prior warning. That is, I will 

progress to three-sentence trials, then four sentences trials and so on. 

 

The first couple of trials are for practice so you can get the hang of it. 

 

Materials 

(60 unrelated sentences 13-16 words in length) 

 

1. The thieves got away in a car they had stolen only two hours before. 

2. It was a beautifully written fantasy book, full of goblins and dwarves. 

3. Ever since he could remember, his dream had been of flying areoplanes. 

4. Michael took one look at her and prepared to make his move. 

5. Shintoism is the most ancient indigenous religion of Japan. 

6. Harry was a private detective who would never take murder cases. 

7. In his books, Earnest Hemmingway depicts the coldness and brutality of man. 

8. The taxi turned a corner onto Forestreet and stopped for its fare. 

9. More young people are attending Higher Education than ever before. 

10. We walked to the top of the hill and surveyed the panorama. 

11. A day in the life of your worst enemy can be revealing. 

12. The gas-giant Jupiter is the largest planet in the Solar System. 

13. The accountant opened his ledger and deftly licked the nib of his pen. 

14. When Susan bought the pregnancy test she wore a disguise. 

15. According to the farmer, each chicken had laid an egg a day for five years. 

16. Peter thought that chemistry was harder than biology, but harder still was physics. 

17. The Statue of Liberty was awarded to the United States by France many years ago. 

18. The police officer was much younger than the driver he stopped for speeding. 

19. Days and weeks passed until the sailors finally caught sight of land. 

20. Martin was a hitchhiker and had travelled the breadth of the continent. 

21. Journal was black, bound in leather and embossed with the owner’s name  

22. To win an Oscar is the pinnacle of a Hollywood actor’s career. 

23. John became famous in his home town after winning the London Marathon. 
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24. Mandarin Chinese is the most commonly spoken language in the world. 

25. The house had two floors, a basement, and a large garden at the rear. 

26. Sheila had driven to work in the same old car for ten years without complaint. 

27. Football is the most popular game in Britain and is taken very seriously. 

28. During the war, civilians were encouraged to grow their own food. 

29. Computer viruses are more common than ever thanks to the Internet. 

30. Harry had hiked over twelve miles that day, and fell into a deep sleep. 

31. The gardener had won many flower competitions because of his skill. 

32. When Joe looked over his shoulder he saw that the pursuer was gaining. 

33. Looking ghastly, Williamson confessed that he had quite a story to tell. 

34. The river ran from the moor to the coast, where a waterfall poured into the bay. 

35. Jean was a Canadian businessman who could speak both French and English. 

36. The woman agreed with the repair bill, though she wanted it confirmed elsewhere. 

37. Generations have trod the cobbled streets of York, wrote the novelist. 

38. The day had begun calmly, but soon the wind had risen to gale-force. 

39. The pianist played an old melody and the couples took to the dancefloor. 

40. It wasn’t until he saw the clock that Graham realised he was out of time. 

41. I remember when my father held a kitten in the palm of his hand. 

42. After the lights went out we heard the hostess searching for candles. 

43. Despite the warning, the mad scientist conducted an experiment that was unethical. 

44. With no car or money for a bus, Vicki had to carry the shopping home. 

45. The teacher turned white, then red, then shouted at the boy to leave his class. 

46. I heard on the news about a riot in which ten people were hurt. 

47. From his pocket the man retriieved a cigarette and smoked it. 

48. Lake Baikal in Siberia is the deepest fresh water lake in the world. 

49. The birthday party was a success and carried on until the small hours. 

50. The shop assistant watched tirelessly as the customer tried another garment. 

51. It has long been known that chimpanzees and human beings share a common 

ancestor. 

52. The millionaire playboy lost his fortune playing cards in a casino, but not for long. 

53. Despite the forecast of bad weather, thousands gathered in Cornwall to watch a solar 

eclipse. 

54. The Norwegian fjords were scoured by slowly-moving glaciers during the Ice Age. 

55. England’s cricket team has a well-known reputation for losing matches abroad. 
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56. Mrs Hollingworth tended the plants and flowers in her garden until the day she died. 

57. The statistician looked at the analysis and wondered if it was correct. 

58. The weather was fine until the friends arrived at the beach, afterwhich it was cloudy. 

59. The Beatles were recently voted best pop group in a national survey of young 

people. 

60. Cider is a sweet beverage made from fermented apples and popular in the west of 

the country. 
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APPENDIX FIVE: MATERIALS FOR THE WC RST 

MATERIALS FOR THE WCH RST 
 

This appendix contains the instructions and materials for the Waters, Caplan and 

Hildebrandt (1987) reading span test. For the procedure, see The WCH RST, p. 122 of 

this thesis. 

 

Instructions 

“During this experiment a sentence will appear in the centre of 

the computer screen. There are two things we would like you to 

do. Firstly, read the sentence to yourself as quickly as possible 

and decide if you think it makes good sense or not. That is, do  

you think the sentence is about something that could happen in the 

real world, or is it impossible? If you think it is a good sentence,  

press the GREEN button. If you don't think it is a good  

sentence, press the RED button. 

 

“The second thing we ask you to do is remember the last word of each 

sentence you see. When you see an asterisk (*) in the middle of the 

screen the experimenter will ask for the last word of each of the  

sentences you have just seen, in the same order you saw them.” 

 

Materials 

The materials are presented in four tables, below.  

Table 27: Cleft Subject Items 

Item No. Acceptability Span 
Level 

Type 

It was the officer that issued the ticket 1 good 1 Cleft 
Subject 

It was the telephone that woke up the tired 
woman 

2 good 1 Cleft 
Subject 
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It was the cookie that made the baker 3 bad 1 Cleft 
Subject 

It was the housekeeper that bothered the dirty 
dishes 

4 bad 1 Cleft 
Subject 

It was the professor that scored the exam 5 good 1 Cleft 
Subject 

   
It was the baby that clenched the rattle 1 good 2 Cleft 

Subject 
It was the child that bit into the apple 2 good 2 Cleft 

Subject 
It was the toy drum that beat the child 3 bad 2 Cleft 

Subject 
It was the disc jockey that broke the record 4 good 2 Cleft 

Subject 
It was the spectators that watched the movie 5 good 2 Cleft 

Subject 
It was the hot pizza that bit into the hungry 

woman 
6 bad 2 Cleft 

Subject 
It was the ice cream that requested the customer 7 bad 2 Cleft 

Subject 
It was the chairs that counted the usher 8 bad 2 Cleft 

Subject 
It was the statue that defaced the kids 9 bad 2 Cleft 

Subject 
It was the shipper that counted the boxes 10 good 2 Cleft 

Subject 
   

It was the puzzle that intrigued the child 1 good 3 Cleft 
Subject 

It was the woman that fascinated the painting 2 bad 3 Cleft 
Subject 

It was the fingerprints that examined the 
detective 

3 bad 3 Cleft 
Subject 

It was the old woman that inherited the beach 
house 

4 good 3 Cleft 
Subject 

It was the ocean that swallowed up the sailor 5 good 3 Cleft 
Subject 

It was the lottery ticket that scratched the 
excited woman 

6 bad 3 Cleft 
Subject 

It was the pie that cut the waiter 7 bad 3 Cleft 
Subject 

It was the bumpy road that slowed down the 
cars 

8 good 3 Cleft 
Subject 

It was the wealthy man that appealed to the 
expensive clothes 

9 bad 3 Cleft 
Subject 

It was a marble that lost the child 10 bad 3 Cleft 
Subject 

It was the sentimental woman that cherished the 
postcard 

11 good 3 Cleft 
Subject 

It was the jigsaw puzzle that solved the girl 12 bad 3 Cleft 
Subject 

It was the woman that delighted the present 13 bad 3 Cleft 
Subject 

It was the cook that melted the butter 14 good 3 Cleft 



 

266 

Subject 
It was the rope that tripped up the horse 15 good 3 Cleft 

Subject 
   

It was the woman that nibbled on the French 
fries 

1 good 4 Cleft 
Subject 

It was the invalid that strengthened the food 2 bad 4 Cleft 
Subject 

It was the thief that tempted the open door 3 bad 4 Cleft 
Subject 

It was the weapon that incriminated the suspect 4 good 4 Cleft 
Subject 

It was the candy that perked up the crying child 5 good 4 Cleft 
Subject 

It was the man that scratched the mosquito bite 6 good 4 Cleft 
Subject 

It was the critic that disappointed the play 7 bad 4 Cleft 
Subject 

It was the statue that astonished the innocent 
priest 

8 good 4 Cleft 
Subject 

It was the newborn baby that suffocated the 
pillow 

9 bad 4 Cleft 
Subject 

It was the gloves that held up the smiling  
woman 

10 bad 4 Cleft 
Subject 

It was the souvenir that impressed the farmer 11 good 4 Cleft 
Subject 

It was the fleeing man that hindered the 
branches 

12 bad 4 Cleft 
Subject 

It was the boards that hammered down the 
carpenter 

13 bad 4 Cleft 
Subject 

It was the cafeteria that disgusted the socialite 14 good 4 Cleft 
Subject 

It was the sick girl that nourished the hot milk 15 bad 4 Cleft 
Subject 

It was the rats that finished off the traps 16 bad 4 Cleft 
Subject 

It was the connoisseur that enjoyed the wine 17 good 4 Cleft 
Subject 

It was the martini that relaxed the businessman 18 good 4 Cleft 
Subject 

It was the hot chocolate that enjoyed the child 19 bad 4 Cleft 
Subject 

It was the airplane that thrilled the boy 20 good 4 Cleft 
Subject 

   
It was the dollhouse that amazed the child 1 good 5 Cleft 

Subject 
It was the bracelet that pleased the greedy 

woman 
2 good 5 Cleft 

Subject 
It was the bullet that finished off the horse 3 good 5 Cleft 

Subject 
It was the gangster that broke into the 

warehouse 
4 good 5 Cleft 

Subject 
It was the furniture that polished up the maid 5 bad 5 Cleft 

Subject 
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It was the driver that frustrated the traffic jam 6 bad 5 Cleft 
Subject 

It was the swimmer that guided the ropes 7 bad 5 Cleft 
Subject 

It was the pedestrian that tripped over the curb 8 good 5 Cleft 
Subject 

It was the broken cup that glued the man 9 bad 5 Cleft 
Subject 

It was the Grand Canyon that surprised the 
visitor 

10 good 5 Cleft 
Subject 

It was the sticky floor that bothered the woman 11 good 5 Cleft 
Subject 

It was the television that distracted the stubborn 
child 

12 good 5 Cleft 
Subject 

It was the man that annoyed the sunburn 13 bad 5 Cleft 
Subject 

It was the tailor that displeased the cloth 14 bad 5 Cleft 
Subject 

It was the mirror that excited the chimpanzee 15 good 5 Cleft 
Subject 

It was the cleaning woman that polished the 
doorknobs 

16 good 5 Cleft 
Subject 

It was the housewife that angered the cigarette 
butts 

17 bad 5 Cleft 
Subject 

It was the policeman that provoked the gun 18 bad 5 Cleft 
Subject 

It was the small room that cramped the 
basketball player 

19 good 5 Cleft 
Subject 

It was the coffee that woke up the sleepy man 20 good 5 Cleft 
Subject 

It was the gangster that cut the switchblade 21 bad 5 Cleft 
Subject 

It was the child that bewildered the jigsaw 
puzzle 

22 bad 5 Cleft 
Subject 

It was the treasure that seized the pirate 23 bad 5 Cleft 
Subject 

It was the inspector that rejected the defective 
briefcase 

24 good 5 Cleft 
Subject 

It was the tenant that irritated the broken 
elevator 

25 bad 5 Cleft 
Subject 

   
It was the orchestra leader that began the 

overture 
1 good 6 Cleft 

Subject 
It was the air conditioner that installed the 

workmen 
2 bad 6 Cleft 

Subject 
It was the new bride that terrified the kitchen 3 bad 6 Cleft 

Subject 
It was the stamps that overlooked the secretary 4 bad 6 Cleft 

Subject 
It was the bell that alerted the firemen 5 good 6 Cleft 

Subject 
It was the symphony that delighted the audience 6 good 6 Cleft 

Subject 
It was the newspapers that accumulated the 

janitor 
7 bad 6 Cleft 

Subject 
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It was the student that took the exam 8 good 6 Cleft 
Subject 

It was the jogger that lost a shoe 9 good 6 Cleft 
Subject 

It was the man that pleased the cufflinks 10 bad 6 Cleft 
Subject 

It was the burglar that stopped the police 11 bad 6 Cleft 
Subject 

It was the collector that pleased the antique 12 bad 6 Cleft 
Subject 

It was the innocent people that hurt the bomb 13 bad 6 Cleft 
Subject 

It was the bad dream that frightened the child 14 good 6 Cleft 
Subject 

It was the waves that enjoyed the surfer 15 bad 6 Cleft 
Subject 

It was the vacationers that stranded the 
avalanche 

16 bad 6 Cleft 
Subject 

It was the housewife that boiled the eggs 17 good 6 Cleft 
Subject 

It was the hired assassin that shot the politician 18 good 6 Cleft 
Subject 

It was the picket line that was on the postman 19 bad 6 Cleft 
Subject 

It was the shopper that enticed the bargains 20 bad 6 Cleft 
Subject 

It was the rare comet that interested the 
astronomer 

21 good 6 Cleft 
Subject 

It was the banker that issued the loan 22 good 6 Cleft 
Subject 

It was the thief that tempted the jewels 23 bad 6 Cleft 
Subject 

It was the fog that hindered the pilot 24 good 6 Cleft 
Subject 

It was the official that seized the marijuana 25 good 6 Cleft 
Subject 

It was the handkerchief that gripped the sobbing 
woman 

26 bad 6 Cleft 
Subject 

It was the woman that treasured the photograph 27 good 6 Cleft 
Subject 

It was the chair that sat on the child 28 bad 6 Cleft 
Subject 

It was the ship that transported the explorer 29 good 6 Cleft 
Subject 

It was the woman that chose the perfume 30 good 6 Cleft 
Subject 

 

 

Table 28: Cleft Object Materials 

Item No. Acceptability Span 
Level 

Type 

It was the bus driver that the flat tire angered 1 good 1 Cleft 
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Object 
It was the secretary that the letter typed 2 bad 1 Cleft 

Object 
It was the air conditioner that the girl cooled off 3 bad 1 Cleft 

Object 
It was the grass that the gardener mowed 4 good 1 Cleft 

Object 
It was the skier that the snowstorm appealed to 5 good 1 Cleft 

Object 
   

It was the candle that the woman blew out 1 good 2 Cleft 
Object 

It was the broken clock that the jeweller 
adjusted 

2 good 2 Cleft 
Object 

It was the stew that the guests fed 3 bad 2 Cleft 
Object 

It was the actress that the letter concerned 4 good 2 Cleft 
Object 

It was the clumsy movers that the couch 
dropped 

5 bad 2 Cleft 
Object 

It was the addict that the heroin harmed 6 good 2 Cleft 
Object 

It was the lawnmower that the gardener injured 7 bad 2 Cleft 
Object 

It was the baby that the mask frightened 8 good 2 Cleft 
Object 

It was the cold air that the drunk sobered up 9 bad 2 Cleft 
Object 

It was the guard that the locks checked 10 bad 2 Cleft 
Object 

   
It was the carpenter that the coffee sobered up 1 good 3 Cleft 

Object 
It was the bus that the rock musicians conveyed 2 bad 3 Cleft 

Object 
It was the musical that the audience dazzled 3 bad 3 Cleft 

Object 
It was the plumbing that the apartment owner 

checked 
4 good 3 Cleft 

Object 
It was the popcorn that the hungry child 

consumed 
5 good 3 Cleft 

Object 
It was the wine that the connoisseur thrilled 6 bad 3 Cleft 

Object 
It was the bystander that the water soaked 7 good 3 Cleft 

Object 
It was the mechanic that the engine adjusted 8 bad 3 Cleft 

Object 
It was the extra money that the child hid 9 good 3 Cleft 

Object 
It was the mechanic that the diesel truck fixed 10 bad 3 Cleft 

Object 
It was the woman that the diamond ring 

cherished 
11 bad 3 Cleft 

Object 
It was the cow that the fence hemmed in 12 good 3 Cleft 

Object 
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It was the church that the tourist amazed 13 bad 3 Cleft 
Object 

It was the sick calf that the cowboy isolated 14 good 3 Cleft 
Object 

It was the hungry child that the hamburger 
enticed 

15 good 3 Cleft 
Object 

   
It was the dead rat that the tenant nauseated 1 bad 4 Cleft 

Object 
It was the weary traveller that the hotel room 

disappointed 
2 good 4 Cleft 

Object 
It was the excited onlookers that the fireworks 

dazzled 
3 good 4 Cleft 

Object 
It was the barriers that the rioters impeded 4 bad 4 Cleft 

Object 
It was the magazine that the bored woman 

leafed through 
5 good 4 Cleft 

Object 
It was a cigarette that the hostess offered 6 good 4 Cleft 

Object 
It was the television that the baby woke up 7 bad 4 Cleft 

Object 
It was the architect that the building interested 8 good 4 Cleft 

Object 
It was the enthusiastic buyer that the dresses 

purchased 
9 bad 4 Cleft 

Object 
It was the picture that the impressionable girl 

terrified 
10 bad 4 Cleft 

Object 
It was the college student that the crutches 

inconvenienced 
11 good 4 Cleft 

Object 
It was the careless woman that the figurine 

smashed 
12 bad 4 Cleft 

Object 
It was the chauffeur that the fingerprints 

convicted 
13 good 4 Cleft 

Object 
It was the jack-in-the-box that the child 

surprised 
14 bad 4 Cleft 

Object 
It was the wine that the diner tasted 15 good 4 Cleft 

Object 
It was the busy scientist that the journal leafed 

through 
16 bad 4 Cleft 

Object 
It was the crossword puzzle that the clever man 

solved 
17 good 4 Cleft 

Object 
It was the noisy fan that the sleepy man 

bothered 
18 bad 4 Cleft 

Object 
It was the alcohol that the religious man loathed 19 good 4 Cleft 

Object 
It was the man that the sports car chose 10 bad 4 Cleft 

Object 
   

It was the burned meat that the new housewife 
distressed 

1 bad 5 Cleft 
Object 

It was the sailboat that the wind impeded 2 good 5 Cleft 
Object 

It was the baby that the cleaning fluid poisoned 3 good 5 Cleft 
Object 

It was the actor that the audition went to 4 bad 5 Cleft 
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Object 
It was the torn envelope that the stingy man 

taped together 
5 good 5 Cleft 

Object 
It was the teenager that the car borrowed 6 bad 5 Cleft 

Object 
It was the parcel that the mailman held 7 good 5 Cleft 

Object 
It was the current that the drowning man carried 8 bad 5 Cleft 

Object 
It was the marble that the child traded 9 good 5 Cleft 

Object 
It was the shower that the tall man cramped 10 bad 5 Cleft 

Object 
It was the kitchen that the complaining woman 

cleaned up 
11 good 5 Cleft 

Object 
It was the potato that the woman peeled 12 good 5 Cleft 

Object 
It was the librarian that the books held 13 bad 5 Cleft 

Object 
It was the soldier that the tanks surrounded 14 good 5 Cleft 

Object 
It was the cannon that the children intimidated 15 bad 5 Cleft 

Object 
It was the man that the lottery tickets traded 16 bad 5 Cleft 

Object 
It was the pedestrian that the busy highway 

frustrated 
17 good 5 Cleft 

Object 
It was the trespassers that the sign warned off 18 good 5 Cleft 

Object 
It was the mushroom that the botanist 

discovered 
19 good 5 Cleft 

Object 
It was the man that the reward money rejected 20 bad 5 Cleft 

Object 
It was the driver that the signs guided 21 good 5 Cleft 

Object 
It was the guest that the pastries nibbled on 22 bad 5 Cleft 

Object 
It was the parcel that the mailman overlooked 23 good 5 Cleft 

Object 
It was the cheap wine that the taster fooled 24 bad 5 Cleft 

Object 
It was the robber that the bank entered 25 bad 5 Cleft 

Object 
   

It was the refrigerator that the dieter raided 1 good 6 Cleft 
Object 

It was the artist that the portrait unveiled 2 bad 6 Cleft 
Object 

It was the monkey that the bananas enticed 3 good 6 Cleft 
Object 

It was the butterfly that the little girl chased 4 good 6 Cleft 
Object 

It was the rain that the dog soaked 5 bad 6 Cleft 
Object 

It was the ex-husband that the alimony provided 6 bad 6 Cleft 
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Object 
It was the rock star that the video flattered 7 good 6 Cleft 

Object 
It was the skier that the hot chocolate warmed 8 good 6 Cleft 

Object 
It was the quicksand that the travellers warned 

off 
9 bad 6 Cleft 

Object 
It was the wine that the host selected 10 good 6 Cleft 

Object 
It was the exercise that the gymnast 

strengthened 
11 bad 6 Cleft 

Object 
It was the angry man that the paper cup crushed 12 bad 6 Cleft 

Object 
It was the bird watcher that the nest intrigued 13 good 6 Cleft 

Object 
It was the medication that the doctor prescribed 14 good 6 Cleft 

Object 
It was the knitter that the sweater completed 15 bad 6 Cleft 

Object 
It was the wallpaper that the decorator chose 16 good 6 Cleft 

Object 
It was the man that the spilled beer cleaned up 17 bad 6 Cleft 

Object 
It was the construction worker that the hard hat 

protected 
18 good 6 Cleft 

Object 
It was the tourist that the island relaxed on 19 bad 6 Cleft 

Object 
It was the postman that the long staircase 

angered 
20 good 6 Cleft 

Object 
It was the limousine that the president carried 21 bad 6 Cleft 

Object 
It was the ransom that the kidnapper demanded 22 good 6 Cleft 

Object 
It was the horse that the fallen branch tripped 

over 
23 bad 6 Cleft 

Object 
It was the wheelchair that the injured man 

supported 
24 bad 6 Cleft 

Object 
It was the investigator that the corpse nauseated 25 good 6 Cleft 

Object 
It was the model airplane that the boy built 26 good 6 Cleft 

Object 
It was the current that the salmon forced 

upstream 
27 bad 6 Cleft 

Object 
It was the tired camper that the lantern blew out 28 bad 6 Cleft 

Object 
It was the teenager that the car delighted 29 good 6 Cleft 

Object 
It was the harpoon that the great whale 

penetrated 
30 bad 6 Cleft 

Object 
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Table 29: Subject-object Materials 

Item No. Acceptability Span 
Level 

Type 

The house that the agent impressed sold very 
quickly 

1 bad 1 Subject-
object 

The suitcase that the businessman packed was 
overflowing 

2 good 1 Subject-
object 

The electrician that the broken wire shocked 
fixed the lamp 

3 good 1 Subject-
object 

The clown that the bells juggled slipped on a 
banana skin 

4 bad 1 Subject-
object 

The tree that the picnickers shaded had a nest 5 bad 1 Subject-
object 

   
The weapon that the soldier intrigued belonged 

to the terrorist 
1 bad 2 Subject-

object 
The bottles that the woman accumulated 

interested the collector 
2 good 2 Subject-

object 
The visitor that the rice fed met the diplomat 3 good 2 Subject-

object 
The movie that the child frightened concerned 

the parents 
4 bad 2 Subject-

object 
The tenant that the boxes stored spoke to the 

janitor 
5 bad 2 Subject-

object 
The beef that the butcher chopped appealed to 

the customer 
6 good 2 Subject-

object 
The children that the movie entranced met the 

director 
7 good 2 Subject-

object 
The hostess that the wine intoxicated danced 

with the guest 
8 good 2 Subject-

object 
The guest that the cake tested praised the 

hostess 
9 bad 2 Subject-

object 
The corpse that the passer-by shocked called the 

police 
10 bad 2 Subject-

object 
   

The herbs that the cook crushed tantalized the 
hungry woman 

1 good 3 Subject-
object 

The maid that the muddy floor angered insulted 
the guest 

2 good 3 Subject-
object 

The lake that the drowned man swallowed up 
flooded the town 

3 bad 3 Subject-
object 

The prisoner that a steak longed for pleaded 
with the guard 

4 bad 3 Subject-
object 

The woman that the perfume asked for kissed 
her husband 

5 bad 3 Subject-
object 

The park wall that the teenagers defaced 
infuriated the mayor 

6 good 3 Subject-
object 

The toy that the child captivated pleased the 
parents 

7 bad 3 Subject-
object 

The woman that the toothache annoyed called 
the dentist 

8 good 3 Subject-
object 

The painting that the buyer impressed appealed 
to the customer 

9 bad 3 Subject-
object 
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The box that the courier delivered intrigued the 
employees 

10 good 3 Subject-
object 

The traveller that the suitcase lifted saw the 
doctor 

11 bad 3 Subject-
object 

The child that the music box treasured hugged 
her uncle 

12 bad 3 Subject-
object 

The king that the gift displeased scolded the 
servant 

13 good 3 Subject-
object 

The temple that the historian delighted belonged 
to the Indians 

14 bad 3 Subject-
object 

The unusual liquid that the chemist examined 
burned the student 

15 good 3 Subject-
object 

   
The hiker that a cave discovered told his friend 1 bad 4 Subject-

object 
The meat that the butcher cut delighted the 

shoppers 
2 good 4 Subject-

object 
The fried chicken that the waiter recommended 

enticed the diner 
3 good 4 Subject-

object 
The thief that the strong lock discouraged 

robbed a passer-by 
4 good 4 Subject-

object 
The gardens that the tourist entranced attracted 

the king 
5 bad 4 Subject-

object 
The current that the swimmer slowed down 

helped the rower 
6 bad 4 Subject-

object 
The man that the coffee boiled apologized to the 

guard 
7 bad 4 Subject-

object 
The package that the businessman sent reached 

the customer 
8 good 4 Subject-

object 
The man that the crossword puzzle bewildered 

consulted the expert  
9 good 4 Subject-

object 
The toadstool that the woman polished 

interested the detective 
10 bad 4 Subject-

object 
The mailman that the locked gate irritated 

complained to the janitor  
11 good 4 Subject-

object 
The bartender that the glasses selected chatted 

with the customer 
12 bad 4 Subject-

object 
The hay that the rancher stored fed the animals 13 good 4 Subject-

object 
The waiter that the champagne brought spoke to 

the diner 
14 bad 4 Subject-

object 
The pie that the man satisfied contained the 

liqueur 
15 bad 4 Subject-

object 
The dirty dishes that the host removed filled the 

dishwasher 
16 good 4 Subject-

object 
The clerk that the peaches weighed sealed the 

crate 
17 bad 4 Subject-

object 
The jeweller that the fake diamond fooled sued 

the swindler 
18 good 4 Subject-

object 
The carpenter that the saw injured reached the 

hospital 
19 good 4 Subject-

object 
The movie that the girl concerned outraged the 

parents 
20 bad 4 Subject-

object 
   

The seeds that the farmer scattered contained 1 good 5 Subject-
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the pesticide object 
The box that the shipper weighed fell off the 

scale 
2 good 5 Subject-

object 
The thieves that the store broke into stole the 

diamonds 
3 bad 5 Subject-

object 
The candy that the child cheered up fell off the 

counter 
4 bad 5 Subject-

object 
The hungry dieter that the ice cream tempted ate 

some cucumbers  
5 good 5 Subject-

object 
The passengers that the train conveyed went to a 

convention 
6 good 5 Subject-

object 
The flowers that the invalid perked up filled the 

vase 
7 bad 5 Subject-

object 
The artist that the print rolled up accepted the 

money 
8 bad 5 Subject-

object 
The surfer that the wave carried reached the 

shore 
9 good 5 Subject-

object 
The dough that the cook rolled up filled the pans 10 good 5 Subject-

object 
The mansion that the visitor astonished 

contained a swimming pool  
11 bad 5 Subject-

object 
The vacationers that the seashore delighted 

rented a bicycle 
12 good 5 Subject-

object 
The bicyclist that the wind slowed down drank 

the water 
13 good 5 Subject-

object 
The secretary that the graphs taped together 

finished the typing 
14 bad 5 Subject-

object 
The gardener that the weeds cleared away 

watered the garden 
15 bad 5 Subject-

object 
The earrings that the clerk held up fit the box 16 good 5 Subject-

object 
The police that the graveyard inspected found 

the footprints 
17 bad 5 Subject-

object 
The alarm clock that the businessman failed ran 

on a battery 
18 bad 5 Subject-

object 
The child that the cocoa comforted read a book 19 good 5 Subject-

object 
The host that the iced tea poured passed around 

the crackers 
20 bad 5 Subject-

object 
The peg that the child hammered down pierced 

the plastic 
21 good 5 Subject-

object 
The amusement park that the child enchanted 

had a roller coaster 
22 bad 5 Subject-

object 
The gravel road that the travellers 

inconvenienced led to the mountain 
23 bad 5 Subject-

object 
The trash that the janitor cleared away crowded 

the cellar 
24 good 5 Subject-

object 
The plumber that the broken pipe distressed 

drank a beer 
25 good 5 Subject-

object 
   

A pencil that the student borrowed fell off the 
desk 

1 good 6 Subject-
object 

The serviceman that the dryer repaired accepted 
a beer 

2 bad 6 Subject-
object 

The farmer that the apples picked cut the grass 3 bad 6 Subject-
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object 
The envelope that the woman glued contained 

the cheque 
4 good 6 Subject-

object 
The garbage that the janitor offended contained 

the fish 
5 bad 6 Subject-

object 
The butcher that the sharp knife cut applied a 

bandage 
6 good 6 Subject-

object 
The fire that the child harmed burned down the 

building 
7 bad 6 Subject-

object 
The birds that the blowing laundry intimidated 

ate the seeds 
8 good 6 Subject-

object 
The martinis that the bartender poured 

overflowed the glass 
9 good 6 Subject-

object 
The child that the banana peeled wanted the 

candy 
10 bad 6 Subject-

object 
The horse that the journey tired drank the water 11 good 6 Subject-

object 
The truck that the boxes carried ran out of gas 12 bad 6 Subject-

object 
The boy that the course interested liked the 

university 
13 good 6 Subject-

object 
The paint that the child used stained the rug 14 good 6 Subject-

object 
The teacher that the classroom used fixed the 

chair 
15 bad 6 Subject-

object 
The man that the train conveyed enjoyed the 

scenery 
16 good 6 Subject-

object 
The radiator that the room heated made a noise 17 bad 6 Subject-

object 
The ball that the boy threw broke the window 18 good 6 Subject-

object 
The mother that the kitchen cleaned cooked the 

meal 
19 bad 6 Subject-

object 
The river that the fish contained broke the dam 20 bad 6 Subject-

object 
The nurse that the hospital hired arranged the 

pillows 
21 good 6 Subject-

object 
The computer that the student used printed the 

assignment 
22 good 6 Subject-

object 
The man that the garage painted swept the 

leaves 
23 bad 6 Subject-

object 
The barn that the animals sheltered concealed 

the house 
24 bad 6 Subject-

object 
The scissors that the barber used cut the hair 25 good 6 Subject-

object 
The bellboy that the luggage carried lost the key 26 bad 6 Subject-

object 
The postman that the weather inconvenienced 

wore the boots 
27 good 6 Subject-

object 
The sweater that the grandmother knit fit the 

girl 
28 good 6 Subject-

object 
The paper that the gift wrapped was on the table 29 bad 6 Subject-

object 
The secretary that the letter typed mailed the 

envelope 
30 bad 6 Subject-

object 
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Table 30: Object-subject Materials 

Item No. Acceptability Span 
Level 

Type 

The passenger drank the coffee that offered the 
stewardess 

1 bad 1 Object-
subject 

The bubbles filled the tired woman that relaxed 
the bathtub 

2 bad 1 Object-
subject 

The waves disturbed the man that paddled the 
canoe 

3 good 1 Object-
subject 

The orchestra played the music that inspired the 
beautiful dancer 

4 good 1 Object-
subject 

The toddler enjoyed the book that read the 
teacher 

5 bad 1 Object-
subject 

   
The shopper bought the toy that fascinated the 

child 
1 good 2 Object-

subject 
The man shouted at the lawyer that convicted 

the footprints 
2 bad 2 Object-

subject 
The man hit the landlord that requested the 

money 
3 good 2 Object-

subject 
The reporter interviewed the architect that 

designed the building 
4 good 2 Object-

subject 
The waiter picked up the glass that broke the 

new busboy 
5 bad 2 Object-

subject 
The woman poured the whiskey that revived the 

man 
6 good 2 Object-

subject 
The police arrested the teenagers that 

intoxicated the beer 
7 bad 2 Object-

subject 
The assistant brought the lettuce that chopped 

the chef 
8 bad 2 Object-

subject 
The visitor brought the gift that delighted the 

lonely girl 
9 good 2 Object-

subject 
The host removed the anchovies that loathed the 

woman 
10 bad 2 Object-

subject 
   

The boy removed the caterpillar that enclosed 
the box 

1 bad 3 Object-
subject 

The fans booed the nervous catcher that dropped 
the ball 

2 good 3 Object-
subject 

The famous author wrote the play that watched 
the audience 

3 bad 3 Object-
subject 

The woman listened to the dream that terrified 
the young child 

4 good 3 Object-
subject 

The tenant put out the poison that killed the 
mice 

5 good 3 Object-
subject 

The cook prepared the spaghetti that consumed 
the famished man 

6 bad 3 Object-
subject 

The secretary praised the repairmen that fixed 
the old typewriter 

7 good 3 Object-
subject 

The mother held the fussing baby that distracted 
the toy 

8 bad 3 Object-
subject 
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The mechanic inspected the car that failed the 
chauffeur 

9 good 3 Object-
subject 

The rescue men saved the survivor that 
surrounded the water 

10 bad 3 Object-
subject 

The vines covered the fence that enclosed the 
cow 

11 good 3 Object-
subject 

The child watched the man that painted the 
doghouse 

12 good 3 Object-
subject 

The woman kissed the thoughtful man that 
purchased the necklace 

13 good 3 Object-
subject 

The businessman read the newspaper that 
delivered the paperboy 

14 bad 3 Object-
subject 

The car entered the garage that painted the 
woman 

15 bad 3 Object-
subject 

   
The witness aided the detective that perplexed 

the fingerprints 
1 bad 4 Object-

subject 
The policemen calmed down the furious man 

that smashed the glass 
2 good 4 Object-

subject 
The mother scolded the greedy child that asked 

for ice cream 
3 good 4 Object-

subject 
The nurse spoke to the nervous patient that 

comforted the tea 
4 bad 4 Object-

subject 
The detective kept the plastic bag that 

suffocated the small boy 
5 good 4 Object-

subject 
The actors liked the review that excited the play 6 bad 4 Object-

subject 
The bullfighter carried the red cape that 

provoked the bull 
7 good 4 Object-

subject 
The man helped the mover that lifted the box 8 good 4 Object-

subject 
The woman cheered up the rower that 

discouraged the waves 
9 bad 4 Object-

subject 
The businessman used the money that offered 

the millionaire 
10 bad 4 Object-

subject 
The waiter removed the raw fish that offended 

the diner 
11 good 4 Object-

subject 
The police dug up the bomb that planted the 

terrorist 
12 bad 4 Object-

subject 
The diner thanked the waitress that  brought the 

placemats 
13 good 4 Object-

subject 
The mother looked for the playing child that 

concealed the hill 
14 bad 4 Object-

subject 
The father picked up the cards that scattered the 

naughty child 
15 bad 4 Object-

subject 
The memory returned to the woman that revived 

the smelling salts 
16 bad 4 Object-

subject 
The sauce improved the steak that satisfied the 

hungry woman 
17 good 4 Object-

subject 
The sweat soaked the pillow that clenched the 

frightened man 
18 bad 4 Object-

subject 
The award pleased the contractor that built the 

house 
19 good 4 Object-

subject 
The factories caused the pollution that shocked 

the tourist 
20 good 4 Object-

subject 
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The jury decided upon the verdict that jailed the 

criminal 
1 good 5 Object-

subject 
The waves destroyed the sandcastle that built 

the boy 
2 bad 5 Object-

subject 
The award honoured the suit that designed the 

tailor 
3 bad 5 Object-

subject 
The chemical cleaned the ring that captivated 

the young woman 
4 good 5 Object-

subject 
The heat bothered the jogger that slowed down 

the hill 
5 bad 5 Object-

subject 
The beef bones flavoured the soup that 

strengthened the sick child 
6 good 5 Object-

subject 
The table injured the maid that tripped up the 

electric cord 
7 bad 5 Object-

subject 
The weeds frustrated the man that planted the 

potatoes 
8 good 5 Object-

subject 
The yoghurt satisfied the patient that longed for 

some ice cream 
9 good 5 Object-

subject 
The gun killed the butler that incriminated the 

fingerprints 
10 bad 5 Object-

subject 
The sun faded the dress that appealed to the 

woman 
11 good 5 Object-

subject 
The fence held back the terrified victim that 

hemmed in the fire 
12 bad 5 Object-

subject 
The weeds covered the estate that inherited the 

greedy nephew 
13 bad 5 Object-

subject 
The old newspapers bothered the fireman that 

inspected the house 
14 good 5 Object-

subject 
The machine analysed the bacteria that isolated 

the researcher 
15 bad 5 Object-

subject 
The cheesecake used the chocolate that melted 

the professional baker 
16 bad 5 Object-

subject 
The pizza tantalized the technician that installed 

the new computer 
17 good 5 Object-

subject 
The gift embarrassed the man that repaired the 

clock 
18 good 5 Object-

subject 
The heat wilted the flowers that cheered up the 

patient 
19 good 5 Object-

subject 
The money helped out the beggar that enticed 

the food 
20 bad 5 Object-

subject 
The smell amazed the sensitive woman that 

disgusted the garbage 
21 bad 5 Object-

subject 
The alcohol soothed the blisters that hindered 

the jogger 
22 good 5 Object-

subject 
The child searched for the candy that hid the 

mother 
23 bad 5 Object-

subject 
The boots fit the skis that used the boy 24 bad 5 Object-

subject 
The army offered the career that interested the 

young man 
25 good 5 Object-

subject 
   

The news pleased the archaeologist that 
interested the bones 

1 bad 6 Object-
subject 

The hot water burned the man that drew the bath 2 good 6 Object-
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subject 
The noise disturbed the baby that took a nap 3 good 6 Object-

subject 
The storm destroyed the statue that donated the 

mayor 
4 bad 6 Object-

subject 
The medication helped the man that infected the 

germ 
5 bad 6 Object-

subject 
The dressmaker designed the wardrobe that 

delighted the socialite 
6 good 6 Object-

subject 
The restaurant pleased the man that satisfied the 

food 
7 bad 6 Object-

subject 
The traffic annoyed the chauffeur that drove the 

diplomat 
8 good 6 Object-

subject 
The ribbon adorned the girl that sent the 

grandmother 
9 bad 6 Object-

subject 
The fingerprints covered the victim that killed 

the bullet 
10 bad 6 Object-

subject 
The stewardess adjusted the seatbelt that 

restrained the passenger 
11 good 6 Object-

subject 
The sun bothered the anxious man that gripped 

the tennis racket 
12 good 6 Object-

subject 
The snow damaged the new roof that built the 

man 
13 bad 6 Object-

subject 
The insurance aided the victim that injured the 

earthquake 
14 bad 6 Object-

subject 
The dust bothered the woman that beat the rug 15 good 6 Object-

subject 
The wind shook the trees that concealed the 

fleeing criminal 
16 good 6 Object-

subject 
The towel dried the girl that wet the rain 17 bad 6 Object-

subject 
The purse held the wallet that needed the 

woman 
18 bad 6 Object-

subject 
The pot contained the food that nourished the 

refugee 
19 good 6 Object-

subject 
The darkness frightened the girl that took the 

subway 
20 good 6 Object-

subject 
The cavity penetrated the tooth that removed the 

dentist 
21 bad 6 Object-

subject 
The storm hindered the captain that sailed the 

boat 
22 good 6 Object-

subject 
The textbook helped the teacher that hired the 

school 
23 bad 6 Object-

subject 
The shade soothed the hiker that entered the 

forest 
24 good 6 Object-

subject 
The pot contained the soup that cooked the 

housewife 
25 bad 6 Object-

subject 
The woman solved the puzzle that perplexed the 

boy 
26 good 6 Object-

subject 
The thorn pricked the gardener that picked the 

rose 
27 good 6 Object-

subject 
The salt ruined the leather boots that 

recommended the helpful clerk 
28 bad 6 Object-

subject 
The massage soothed the nervous man that 

relaxed the music 
29 bad 6 Object-

subject 
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The sun melted the snowman that delighted the 
children 

30 good 6 Object-
subject 
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APPENDIX SIX: PLAUSIBILITY DATA FOR STUDY TWO 

PLAUSIBILITY DATA FOR STUDY TWO 
 

 

Table 31 shows the mean (with standard deviation) plausibility scores for each 

experimental sentence used in Study Two. Note that scores range from 1 to 7, where 1 is 

‘natural’ and 7 is ‘unnatural’. 

 

Table 31: Plausibility ratings for materials in Study Two 

Item Text Mean StD 
APNP  1 The professor read the shelf's book that 

was in the dining-room. 
6.25 1.48 

APNP  2 The inspector observed the crate's suitcase 
that was in the station. 

4.13 2.42 

APNP  3 The mechanics were modifying the team's 
car that took part in the race. 

3.75 1.77 

APNP  4 The dressmaker was sewing the doll's dress 
that was on the floor. 

3.69 1.89 

APNP  5 We borrowed the garage's car that we saw 
nearby. 

5.75 1.34 

APNP  6 I had to borrow the suite's computer that 
was in the office close to mine. 

4.38 1.89 

APNP  7 I saw the bag's camera that was on the 
front seat. 

6.13 1.36 

APNP  8 The bank teller wrote the company's 
account number that was on the list. 

3.13 1.82 

APNP  9 The robbers examined the company's safe 
that they had been told about. 

2.81 1.68 

APNP 10 We drove past the battalion's camp that 
was seen from the observation point. 

2.19 1.47 

APNP 11 The butler cleaned the suit's collar that had 
been sprayed with champagne. 

4.25 1.95 

APNP 12 The space captain decided to confiscate the 
robot's weapon that terrified his crew. 

3.25 1.48 

APP  1 The professor read the student's book that 
was in the dining-room. 

2.56 1.79 

APP  2 The inspector observed the traveller's 
suitcase that was in the station. 

3.06 1.77 

APP  3 The mechanics were modifying the driver's 
car that took part in the race. 

2.88 1.54 

APP  4 The dressmaker was sewing the girl's dress 3.88 2.13 
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that was on the floor. 
APP  5 We borrowed the neighbour's car that we 

saw nearby. 
3.25 2.08 

APP  6 I had to borrow the secretary's computer 
that was in the office close to mine. 

2.94 1.77 

APP  7 I saw the woman's camera that was on the 
front seat. 

2.00 1.63 

APP  8 The bank teller wrote down the woman's 
account number that was on the list. 

3.19 1.76 

APP  9 The robbers examined the woman's safe 
that they had been told about. 

3.13 1.67 

APP 10 We drove past the soldier's camp that was 
seen from the observation point. 

3.44 1.97 

APP 11 The butler cleaned the gentleman's collar 
that had been sprayed with champagne. 

1.88 1.20 

APP 12 The space captain decided to confiscate the 
man's weapon that terrified his crew. 

3.13 1.20 

HVNP  1 I was surprised by the sculpture's etching 
that was in the town hall. 

4.06 1.84 

HVNP  2 The architect exhibited the building's 
drawing that his client had observed. 

3.88 1.96 

HVNP  3 Charles liked the animal's portrait that he 
saw at your house. 

3.38 1.78 

HVNP  4 All the newspapers published the theatre's 
photograph that all the judges of the 
singing contest liked so much. 

5.31 1.74 

HVNP  5 Sara did the cove's famous painting that 
the public found so gloomy. 

4.63 1.63 

HVNP  6 I examined the rainbow's photograph that 
was so spectacular. 

4.81 1.91 

HVNP  7 Many visitors were impressed by the 
garden's sketch that was in the castle 
grounds. 

4.88 2.00 

HVNP  8 The journalists analyzed the explosion's 
film that appeared on the news. 

5.06 2.05 

HVNP  9 The children were amused by the movie's 
poster that they saw at the film festival. 

3.81 1.72 

HVNP 10 We talked about the landmark's snapshot 
that was so famous. 

4.19 2.10 

HVNP 11 The artist put finishing touches to the 
cello's picture that was leaning against the 
wall. 

4.00 2.16 

HVNP 12 Everyone's eyes were drawn to the man's 
painting that was on the winner's podium. 

2.25 1.29 

HVP  1 I was surprised by the lady's etching that 
was in the town hall. 

2.38 1.54 

HVP  2 The architect exhibited the man's drawing 
that his client had observed. 

4.13 1.86 

HVP  3 Charles liked the woman's portrait that he 
saw at your house. 

2.88 1.63 

HVP  4 All the newspapers published the boy's 4.31 1.85 
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photograph that all the judges of the 
singing contest liked so much.  

HVP  5 Sara did the poet's famous painting that the 
public found so gloomy. 

5.19 1.91 

HVP  6 I examined the popstar's photograph that 
was so spectacular. 

3.31 1.99 

HVP  7 Many visitors were impressed by the 
tourist's sketch that was in the castle 
grounds. 

2.19 0.98 

HVP  8 The journalists analyzed the politician's 
film that appeared on the news. 

2.56 1.46 

HVP  9 The children were amused by the actor's 
poster that they saw at the film festival. 

2.19 1.80 

HVP 10 We talked about the woman's snapshot that 
was so famous. 

4.06 1.81 

HVP 11 The artist put finishing touches to the 
dancer's picture that was leaning against 
the wall. 

3.56 1.50 

HVP 12 Everyone's eyes were drawn to the man's 
painting that was on the winner's podium. 

3.00 1.63 
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APPENDIX SEVEN: TPM SOURCE CODE 

TPM SOURCE CODE 
 

 

This appendix contains the Microsoft Visual BASIC source code for the Threshold 

Parsing Model (see Chapter Six, p. 142). The program’s front end is a spreadsheet (see 

overleaf). On this spreadsheet, the user enters parameters into the cells indicated. The 

TPM begins when the user clicks the widget marked ‘Go’. The output appears at the 

bottom of the spreadsheet. 
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Sub Network() 

 

'Wipe the data on spreadsheet clean using ClearData 

Call ClearData 

 

' This routine will begin processing the activation from 

' the input units, carry it on to the output unit, 

' keep the iteration in the output unit going until 

' the context units (at some point) switch on 

' (in the high span case) and reset the outputs 

 

' Activations from c1-s2 are limited to 3 dec places 

  

Dim c1activation As Double 

Dim c2activation As Double 

Dim s1activation As Double 

Dim s2activation As Double 

  

Dim InputtoC1 As Double 

Dim InputtoC2 As Double 

Dim InputtoS1 As Double 

Dim InputtoS2 As Double 

  

Dim NetInputtoO1 As Double 

 

'Blank out the output node cells first 

 

Worksheets("Model").Cells(4, 16).Value = 0 

Worksheets("Model").Cells(6, 16).Value = 0 

 

'Reset the progress bar 

 

Sheet1.ProgressBar1.Value = 0 

 

'Get information 

 

‘For the input state: 

 

C1 = Val(Worksheets("Model").Cells(4, 3).Value) 

c2 = Val(Worksheets("Model").Cells(5, 3).Value) 

 

s1 = Val(Worksheets("Model").Cells(7, 3).Value) 

s2 = Val(Worksheets("Model").Cells(8, 3).Value) 

 

tcc1 = Val(Worksheets("Model").Cells(4, 5).Value) 

tcc2 = Val(Worksheets("Model").Cells(5, 5).Value) 
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tcs1 = Val(Worksheets("Model").Cells(7, 5).Value) 

tcs2 = Val(Worksheets("Model").Cells(8, 5).Value) 

 

'Get the t value for the activation function gradient for 

'c1-s2 

     

t_c1 = Val(Worksheets("Model").Cells(4, 6).Value) 

t_c2 = Val(Worksheets("Model").Cells(5, 6).Value) 

t_s1 = Val(Worksheets("Model").Cells(7, 6).Value) 

t_s2 = Val(Worksheets("Model").Cells(8, 6).Value) 

 

'The output state 

     

o1 = 0 

o2 = 0 

 

'The weight matrix 

 

C1toO1 = Val(Worksheets("Model").Cells(4, 7).Value) 

C1toO2 = Val(Worksheets("Model").Cells(4, 8).Value) 

C2toO1 = Val(Worksheets("Model").Cells(5, 7).Value) 

C2toO2 = Val(Worksheets("Model").Cells(5, 8).Value) 

 

S1toO1 = Val(Worksheets("Model").Cells(7, 7).Value) 

S1toO2 = Val(Worksheets("Model").Cells(7, 8).Value) 

S2toO1 = Val(Worksheets("Model").Cells(8, 7).Value) 

S2toO2 = Val(Worksheets("Model").Cells(8, 8).Value) 

 

ContextGradient = Val(Worksheets("Model").Cells(13, 3).Value) 

SyntaxGradient = Val(Worksheets("Model").Cells(14, 3).Value) 

 

GInp = Val(Worksheets("Model").Cells(12, 7).Value) 'The global input decay 

gradient 

 

Threshold = Val(Worksheets("Model").Cells(16, 3).Value) 'Finish line threshold 

copyofThreshold = Threshold 

ContextStarts = Val(Worksheets("Model").Cells(18, 3).Value) 

sweeps = Val(Worksheets("Model").Cells(15, 3).Value) 

 

Decay = Val(Worksheets("Model").Cells(10, 7).Value) 'The output node decay 

parameter (from Andy's model) 

 

Excitation = Val(Worksheets("Model").Cells(11, 7).Value) 'The output node 

excitation parameter 
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xshift = Val(Worksheets("Model").Cells(13, 7).Value) 'see sheet  

 

' Set-up the graphical progress bar 

Sheet1.ProgressBar1.Max = (sweeps * 1.25) 

Sheet1.ProgressBar1.Visible = True 

 

StartTime = Timer 

 

C1InputState = "" 

C2InputState = "" 

S1InputState = "" 

S2InputState = "" 

 

'Set activation label for nodes C1-S2 if they 

'are active 

   

If C1 = 1 Then C1InputState = "Ascending" 

If c2 = 1 Then C2InputState = "Ascending" 

If s1 = 1 Then S1InputState = "Ascending" 

If s2 = 1 Then S2InputState = "Ascending" 

         

 

For n = 1 To sweeps 

 

    'Update progress bar 

    Sheet1.ProgressBar1.Value = n 

 

    'Keep the last input levels 

    Let PriorInputtoC1 = InputtoC1 

    Let PriorInputtoC2 = InputtoC2 

    Let PriorInputtoS1 = InputtoS1 

    Let PriorInputtoS2 = InputtoS2 

 

    'Calculate the input coming into C1-S2 by 

    'applying the time compression constant 

     

    c1activation = 0 

    c2activation = 0 

    s1activation = 0 

    s2activation = 0   

     

    'Build up the activation to C1-S2 

     

    If C1InputState = "Ascending" Then 

     

        'Remember: 
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    'Y = mx + c 

        'Y = gradient * sweep + Intercept 

        InputtoC1 = ContextGradient * n 

         

        If InputtoC1 > 1 Then 

             

            InputtoC1 = 1 

                 

            C1InputState = "Descending" 

             

        End If 

         

        InputtoC1 = Round(InputtoC1, 3) 'round it to 3 dec places 

         

    End If 

     

    If C2InputState = "Ascending" Then 

             

        InputtoC2 = ContextGradient * n 

         

        If InputtoC2 > 1 Then 

             

            InputtoC2 = 1 

                 

            C2InputState = "Descending" 

             

        End If 

         

        InputtoC2 = Round(InputtoC2, 3) 'round it to 3 dec places 

         

    End If   

 

    If S1InputState = "Ascending" Then 

     

        InputtoS1 = SyntaxGradient * n 

         

        If InputtoS1 > 1 Then 

             

            InputtoS1 = 1 

                 

            S1InputState = "Descending" 

             

        End If 

         

        InputtoS1 = Round(InputtoS1, 3) 'round it to 3 dec places 
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    End If 

         

    If S2InputState = "Ascending" Then 

         

        InputtoS2 = SyntaxGradient * n 

         

        If InputtoS2 > 1 Then 

             

            InputtoS2 = 1 

                 

            S2InputState = "Descending" 

             

        End If 

         

        InputtoS2 = Round(InputtoS2, 3) 'round it to 3 dec places 

         

    End If 

           

    If C1InputState = "Descending" Then 

     

        C1DescendCount = C1DescendCount + 1 

     

        'Y = 1-(mx + c) 

        'Y = 1- (gradient * sweep + Intercept) 

        InputtoC1 = 1 - (GInp * C1DescendCount) 

         

        If InputtoC1 < 0 Then 

             

            InputtoC1 = 0 

                             

        End If 

         

        InputtoC1 = Round(InputtoC1, 3) 'round it to 3 dec places 

         

    End If 

     

    If C2InputState = "Descending" Then 

     

        C2DescendCount = C2DescendCount + 1 

     

        InputtoC2 = 1 - (GInp * C2DescendCount) 

         

        If InputtoC2 < 0 Then 

             

            InputtoC2 = 0 
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        End If 

         

        InputtoC2 = Round(InputtoC2, 3) 'round it to 3 dec places 

         

    End If 

     

    If S1InputState = "Descending" Then 

     

        S1DescendCount = S1DescendCount + 1 

     

        InputtoS1 = 1 - (GInp * S1DescendCount) 

         

        If InputtoS1 < 0 Then 

             

            InputtoS1 = 0 

                             

        End If 

         

        InputtoS1 = Round(InputtoS1, 3) 'round it to 3 dec places 

         

    End If 

         

    If S2InputState = "Descending" Then 

         

        S2DescendCount = S2DescendCount + 1 

     

        InputtoS2 = 1 - (GInp * S2DescendCount) 

         

        If InputtoS2 < 0 Then 

             

            InputtoS2 = 0 

                             

        End If 

         

        InputtoS2 = Round(InputtoS2, 3) 'round it to 3 dec places 

         

    End If 

 

    'Check to see if current inputs are very similar to the 

    'last - i.e. the activation curve has leveled off 

    '(disabled because input now decays immediately) 

     

    'If InputtoC1 >= 1 Then C1InputStateZeroGradient = 

C1InputStateZeroGradient + 1 

    'If InputtoC2 >= 1 Then C2InputStateZeroGradient = 

C2InputStateZeroGradient + 1 



 

293 

    'If InputtoS1 >= 1 Then S1InputStateZeroGradient = 

S1InputStateZeroGradient + 1 

    'If InputtoS2 >= 1 Then S2InputStateZeroGradient = 

S2InputStateZeroGradient + 1                    

     

     'Apply the activation functions for C1-S2 if they hav 

     'any input coming to them 

      

     If InputtoC1 <> 0 Then 

      

        c1activation = 1 / (1 + Exp((-InputtoC1 / t_c1) + xshift)) 

        c1activation = Round(c1activation, 3) 'keep it simple 

         

     End If 

      

     If InputtoC2 <> 0 Then 

         

        c2activation = 1 / (1 + Exp((-InputtoC2 / t_c2) + xshift)) 

        c2activation = Round(c2activation, 3) 'keep it simple 

         

    End If 

     

    If InputtoS1 <> 0 Then 

        s1activation = 1 / (1 + Exp((-InputtoS1 / t_s1) + xshift)) 

        s1activation = Round(s1activation, 3) 'keep it simple 

         

    End If 

         

    If InputtoS2 <> 0 Then 

     

        s2activation = 1 / (1 + Exp((-InputtoS2 / t_s2) + xshift)) 

        s2activation = Round(s2activation, 3) 'keep it simple 

         

    End If 

         

    'Calculate the net input for each output node 

    'This is the second formula in Andy's 'Adapting 

    'to a response deadline in categorisation' paper 

        

    InputfromC1 = c1activation * C1toO1 

    InputfromC2 = c2activation * C2toO1 

    InputfromS1 = s1activation * S1toO1 

    InputfromS2 = s2activation * S2toO1 

     

    NetInputtoO1 = InputfromC1 + InputfromC2 + InputfromS1 + InputfromS2 
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    'Now add back the activation of node 1 from the previous trial, but 

    'be sure to subtract the activation of all other output units (as that 

    'activation was on the previous trial 

         

    NetInputtoO1 = NetInputtoO1 + o1 - o2 

     

    'For output node 2 

     

    'Calculate activation from the context/sentence nodes 

    InputfromC1 = c1activation * C1toO2 

    InputfromC2 = c2activation * C2toO2 

    InputfromS1 = s1activation * S1toO2 

    InputfromS2 = s2activation * S2toO2 

     

    netInputToO2 = InputfromC1 + InputfromC2 + InputfromS1 + InputfromS2 

         

    'Now add back the activation of node 2 from the previous trial, but 

    'be sure to subtract the activation of all other output units (as that 

    'activation was on the previous trial) 

         

    netInputToO2 = netInputToO2 + o2 - o1 

     

    'And now work out what the activation of each output unit on the basis 

    'of its netinput 

    'This the second formula in the Wills paper mentioned above 

     

    'For node 1 

     

    If NetInputtoO1 > 0 Then 

         

     'Calculate formula's numerator (I'm doing it this way to make 

      'it easier to debug) 

             

      numerator = o1 + (Excitation * NetInputtoO1) 

             

      'Now the denominator... 

      denominator = 1 + (Excitation * NetInputtoO1) + Decay 

             

    End If 

         

    If NetInputtoO1 <= 0 Then 

         

     'Calculate formula's numerator 

             

      numerator = o1 
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      'Now the denominator... 

      denominator = 1 - (Excitation * NetInputtoO1) + Decay 

             

    End If 

     

        

    'Calculate the new activation of this unit 

    o1 = numerator / denominator 

     

     

    'For node 2 

     

    If netInputToO2 > 0 Then 

     

        'Calculate formula's numerator 

         

        numerator = o2 + (Excitation * netInputToO2) 

         

        'Now the denominator... 

        denominator = 1 + (Excitation * netInputToO2) + Decay 

         

    End If 

     

    If netInputToO2 <= 0 Then 

     

        'Calculate formula's numerator 

         

        numerator = o2 

         

        'Now the denominator... 

        denominator = 1 - (Excitation * netInputToO2) + Decay 

         

    End If 

     

    'Calculate the new activation of this unit 

    o2 = numerator / denominator 

 

    'Write info to the array for graphs 

    Worksheets("Model").Cells(n + 28, 1).Value = n 'sweep 

    Worksheets("Model").Cells(n + 28, 2).Value = c1activation 'c1 

    Worksheets("Model").Cells(n + 28, 3).Value = c2activation 'c2 

    Worksheets("Model").Cells(n + 28, 4).Value = s1activation 's1 

    Worksheets("Model").Cells(n + 28, 5).Value = s2activation 's2 

    Worksheets("Model").Cells(n + 28, 6).Value = o1 'o1 

    Worksheets("Model").Cells(n + 28, 7).Value = o2 'o2 
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    Worksheets("Model").Cells(n + 28, 9).Value = copyofThreshold 'the 

threshold value    

     

    Worksheets("Model").Cells(n + 28, 10).Value = InputtoC1  

    Worksheets("Model").Cells(n + 28, 11).Value = InputtoC2  

    Worksheets("Model").Cells(n + 28, 12).Value = InputtoS1  

    Worksheets("Model").Cells(n + 28, 13).Value = InputtoS2  

 

    'Note if threshold is exceeded 

    If o1 >= Threshold Then 

     

        Worksheets("Model").Cells(n + 28, 8).Value = "Threshold reached for 

output Node 1" 

        Message = "Threshold reached for output Node 1 at sweep " & n 

        MsgBox (Message) 

         

        Threshold = 1000000 'Make sure this statement doesn't run again 

     

    End If 

     

    If o2 >= Threshold Then 

     

        Worksheets("Model").Cells(n + 28, 8).Value = "Threshold reached for 

output Node 2" 

        Message = "Threshold reached for output Node 2 at sweep " & n 

        MsgBox (Message) 

         

        Threshold = 1000000 'Make sure this statement doesn't run again 

         

    End If 

 

Next n 

 

'With Worksheets("Sheet2").ChartObjects(1) 

'    .MinimumScale = 10 

'    .MaximumScale = 120 

'End With 

     

GetOutClause: 

 

    'Write the output to the output cells 

     

    Worksheets("Model").Cells(4, 16).Value = o1 

         

    Worksheets("Model").Cells(6, 16).Value = o2 
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'Blank the lines after those used, in case data from 

'the previous run is still there 

 

Sheet1.ProgressBar1.Value = sweeps + (sweeps * 0.25) 

 

'Tell user how long that took 

TimeText = "Total processing time: " & (Timer - StartTime) & " seconds" 

 

Worksheets("Model").Cells(8, 9).Value = TimeText 

 

End Sub 

 

Function Round(nValue As Double, nDigits As _ 

Integer) As Double 

 'A function I found on the web, that will round up figures to 

 'n decimal places 

 'Example: Round (12.3333, 2) gives 12.33 

      

 Round = Int(nValue * (10 ^ nDigits) + _ 

 0.5) / (10 ^ nDigits) 

End Function 

 

Sub ClearData() 

' 

' ClearData Macro 

' Macro recorded 22/7/2002 by Ian Hocking 

' 

    Range("A29:M40").Select 

    Range(Selection, ActiveCell.SpecialCells(xlLastCell)).Select 

    Selection.ClearContents 

    Range("A28").Select 

End Sub 
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