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ABSTRACT

Thnis thesis brings together ideas from psychology (particularly the
work of Bever and Townsend 1979) and irom linguistics (particularly the
work of Partee, 1983 and Mcens and Steedman 1986) about the nature of
temporal representation, especially with regard to the effect of
different temporal connectives on language processing.

Experiments in the second chapter looked at memory for temporal
information and order ana resuits indicated that information about
temporal order is less well remembered that information about spatial
order.

The third chapter examines the role of before as introducing sentences
that can be either factive or non-factive and concluded tnat there is no
¢clear divide between these two tvpes of sentence, the diiference depends
on knowledge of reqularities in the world, and it is only with clearly
non-factive before sentences that readers have definite expectations
about factivity.

This theme 1s continued in the fourth chapter which looks at SALIENCE,
by examining continuations from sentences with temporal connectives and
notes that a tendency to continue text from the main clause is modified
by an effect of continuing from the last occurring event., irrespective
of order in the text.

The fifth chapter examines the effect of context for sentance processing
and conciudes that context consistent with the main clause of a sentence
is preferred. 1t also shows that similar processes are 1involved in
building up a model containing temporal information to those involved in
building a model of a spatial array. The last experiment demonstrates
that lack of a clear temporal referent disrupts language processing in
the same way &s lack of & clear antecedent for a pronoun does.

The results are discu
representation which woul
similar to a "nucieus”.

ssed in terms oI a possibie model for
include events being represented in a form
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CHAPTER I -INTRODUCTION

1.1 Delineating a Problem

This thesis began with a very broad remit - 1 wished to find out more
about how temporal information from text (written or spoken) 1is
represented in the mind. The first step was to see how language conveys
temporal information - the second was to decide there were so many
ways this 1is done by language that this was too broad a subject and I
would have to restrict my interest to temporal connectives ahd ignore

~
tense and aspect.

The most simple way in which temporai information 1is conveyed by
language is that events in sentences following each other are assumed
under normal discourse conditions to follow each other temporally. When
the time of an utterance is taken from previous text this is known as
"temporal anaphora”, e.g. We had a party. Carol got drunk. "The
party" sets up a "reference time" in relation to which the next sentence

is understood. (It also sets up a "reference location").

The time an event takes place is related to the moment of speech by
means of tense. As Comrie (1985) points out, tense is a rather vague
temporal indicator so 75% of tenses are found combined with temporal

adverbs of some Kkind (Crystal 1966).

Within each sentence syntactic factors play a part, two clauses
conjoined by "and" acting in the same way as two successive sentences

but the temporal relationship between two clauses varies with different




connectives and it is possible the order in which clauses occur makes a
difference to the ease with which temporal order of events is

understood.

Semantics and pragmatics are also wvital. One problem I have considered
is how much about connectives can be explained 1in semantic terms.
According to Leech (1970) this means factors that are principled (rule
governed). Semantic explanations of these factors have been made in
terms of logical semantics and where these have failed discourse
representation theories have stepped in to provide an answer in terms of

"discourse models”.

I will assume that discourse representation theories bridge the divide
between semantics and pragmatics. A discourse representation (e.g. a
mental model; Johnson-Laird, 1983) 1is derived from a linguistic
representation and from inferences based on general knowledge and it
is only with the application of real world knowledge that we can explain

how the listener obtains meaning from the temporal expressions in

language.
1.2 Syntax

We need some Kkind of syntactic component in order to comprehend
sentences such as "There was calm before the storm" where it is word

order (syntax) that indicates which event occurs before which.

Languages such as English allow either real world congruent or real’

world non-congruent ordering of sentence clauses. Two events may be
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described in the order in which they are expected to occur. "The girl
jumped before she ate her tea." or in the opposite order "The girl ate
her tea after she jumped". The difference between real world congruent
and real world non-congruent ordering of events in language appears to
have 1implications for the processing of sentences.- But the two
sentences given above differ not only in whether they are real world
congruent or real world non-congruent but also in which event Iis

described by the main and which by the subordinate clause.

This may be important because whether an event forms a main or
subordinate clause may be a result of the salience of that event to

the discourse as a whole.

The main clause dominates the subordinate clause in the structural
description of the sentence. If sentence comprehension involved
reconstruction of the surface tree from the top down and from left to
right comprehension would be quicker for <clauses higher and to the
left. 1In this case there would be no effect of real world congruence or
clausal order within sentences. It seems more likely that a purely
syntactic representation is not constructed - see Section 1.5 for a
description of an alternative wview - that meaning 1is assigned

constituent by constituent.

Bever and Townsend (1979) report considerable evidence that adults and
children have better access to the meaning of a main clause, but better
access to the verbatim form of a subordinate clause immediately or
shortly after hearing a sentence (e.g. BAmidon & Carey, 1972;

Flores d'Arcais, 1978; Harris, 1976; Shedletsky, 1974; Singer, 1976;

-3-



Singer & Rosenberg, 1973; smith & McMahon, 1970 in two of three
experiments; Townsend, 1974; Townsend & Erb, 1975). In addition several
previous studies show that perception, comprehension and long-term
retention are easier with sentences with main-subordinate order. (Foss
& Lynch, 1969; Holmes, 1973; Hoosain, 1974). All these findings are
consistent with the wview that a dominant strategy 1in sentence

comprehension is an initially deeper interpretation of a main clause.

However, such a syntactic explanation of how processing proceeds needs
the addition of a semantic, and often a pragmatic component, to explain
the wvagaries of certain connectives which behave differently in
different circumstances, for example, while, if, Dbefore and

when.

Townsend (1983) suggests that sentences joined by while are understood
differently depending on clausal order. For example if the while
clause is in initial position in the sentences is more likely to be
interpreted as having what he calls a ‘'"causal" component than if the

while clause is second, as the following examples show:

While Harry took the arsenic, he didn't die.

Harry didn't die while he took the arsenic.

Townsend's claim that the first while is causal rests on  there
being an expected causal link between "taking the arsenic" and "dying",
which while in 1initial position has the effect of denying. In the
second position while seems much more temporal, the only reason we

might possibly get a causal reading (in the sense of denying an expected
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link) 1is because we expect arsenic to cause death. If we substitute

"medicine"” for "arsenic” I think it becomesunequivocally temporal.

Bever and Townsend {1979) produce evidence to support this.
Subjects listened to two-clause sentences but were interrupted either
before the last word of the first clause or the last word of the second
clause. At the interruption point, they read and classified a
verb-object phrase as being consistent or inconsistent with the meaning
of what they had Jjust heard. Their response was timed. The
interrupted clause was either a main or subordinate clause, if a

subordinate clause it began with either  though, while, when,

since and if.

Response (and therefore "on-line accessibility to meaning") was faster
to main clauses than to subordinate clauses, but there was considerable
variation among the conjunctions. The score for each conjunction was
achieved by taking the response time for the subordinate minus the
response time for the main clause. One of these differences was that
the on-line propositional processing of initial while is like that of

initial though, but that of final while is 1ike final when.

1.3 Semantics

Syntax is never enough however, to enable us to derive meaning from
text. For example, in the sentence "We had a party. Carol got drunk."
The event Carol got drunk is wunderstood as occurring at the party
although syntax alone does not tell us this. This is the phenomena that

Partee (1983) refers to as "temporal anaphora", which is analagous to
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nominal anaphora, as for example, in the text "A man came in. He was

very wet." where He is normally taken to refer to the man.

This assignment is done by means of semantic knowledge - something akin
to a model of the situation described by the two sentences - which
enables the pronoun he to be assigned to the antecedent a man.
Stevenson (1989) describes the process thus; "on encountering the words
a man we can set up an entity to stand for the man in a discourse
model. Then, on encountering the pronoun, this acts as an instruction
to 1look for an entity in the model which agrees with the pronoun in
number and gender. In this example, there is only one entity in the

model (the man) so the pronoun can be assigned to that entity.”

With my previous example of temporal anaphora - We had a party sets up

an event in the discourse model in which the next mentioned event,

Carol getting drunk 1is understood to occur. This provides what 1is

known as the reference time. This 1is referred to in more detail in
Section 1.8 and experiment 17 examines similarities between nominal and

temporal anaphora.

Theories of what I shall term "discourse model” semantics have
advantages over truth functional semantics which had problems explaining
some facets of language, for example, some connectives. Johnson-Laird
{1977) points out that in fact not all connectives are truth-functional.
For example, the truth of

Edward insulted Maggie and Maggie ignored Edward
does not mean either

Edward insulted Maggie because Maggie ignored Edward
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or Maggie ignored Edward because Edward insulted Maggie

This requires that one event 1is the cause of the other but their
co-occurrence does not in itself establish the required relation between
then. (However, as we shall see later, cause is often inferred when
reading because of two principles, (i) we understand two clauses as
occurring immediately after one another, (Kamp 1971) and (ii) we infer
cause from the juxtaposition of two events if at all possible (Heinamaki

1974).

Johnson-Laird points out that a similar principle applies to the
connective if which provides problems for traditional semantics. The
antecedent always states conditions whereas the consequent can serve a
variety of functions so an account of the meaning of 1if 1is required
that will accommeodate statements, questions and requests in the

consequent clause.

We also need to explain the unacceptability of the transitive inference

from:

If you need any money there's a pound in your wallet.
and If there's a pound in your wallet you don't need any money.
to If you need any money you don't need any money.

The answer, Johnson-Laird says is that instead of a single uniform logic
we need a single semantics from which the logical vagaries of if

arise. He rejects analysis in terms of possible worlds in favour of one

in terms of mental models.



He points out that a sentence defines its own context, because listeners
generally do not know before they hear an utterance what knowledge will
be relevant to its interpretation, so an antecedent will produce a
mental model - e.g. the antecedent

If Russia invades West Berlin
will elicit a mental model that will represent certain protagonists and
it 1s in respect to these protagonists that the consequent will be

understood.

Conditional sentences are not ‘“creatures of a constant hue” (Wason
& Johnson-Laird, 1972) - their logical properties are determined in part
by the nature of the propositions that they interrelate. He concludes
not that if 1is ambiguous but that it has a single unequivocal
semantics that leaves a role to be played by the interpretation of the

clauses that it connects.

A similar point is made by Moens & Steedman (1986) about the connective
when which they say ‘"seems to escape uniform semantic descripiton”.
Consider for example, the sentence below:
When the terrorists blew up the bank they phoned a warning
they destroyed the whole building
they escaped in a van
they were caught by the police
If we give these sentences the general structure when A, B, then the
possible temporal relation between the events described 1in the
subordinate clause (A) and those in the main clause (B) apparently

ranges from A happened before B through A coincided with B to A happened

after B. Instead of concluding that when allows events to be
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temporally connected in totally unpredictable ways they claim  that
vagaries of tense, aspect and related systems disappear if a specific
ontology for the model of temporal semantics 1is assumed by giving an

appropriate account of the nature of the temporal referent.

This should be envisaged as a "nucleus" which is a complex entity
consisting of a preparatory process, which 1leads up to (but does not
necessarily reach) a culmination point, and this in turn has certain

consequences attached to it. Moens and Steedman depict this as under:

| Preparatory Process | Consequent State !

Nucleus

They say "The nature of the temporal and aspectual information conveyed
by a verbal expression 1is closely related to the concept of a nucleus.
Depending on 1its position in the diagram, an expression describes
different parts of the nucleus, or describes those parts from a

different perspective.”

They revise Vendler (1967)'s taxonomy of verbs to produce the following

five categories:

(culmination e.g. recognise
(culminated process e.g. build a house
events (point €.9. hiccough
(process e.g. run
state state e.g. know

These categories can they be fitted neatly into the nucleus above, "If
the expression belongs to the culminated process category, it describes
the whole nucleus, i.e. the core event with the preparation as well as

its consequences; if it is a process expression, it "only describes the



(preparatory) process; culmination expressions focus on the culmination
point and its consequences; points only describe the culmination without
considering the consequences; and expressions belonging to the category

of consequent states describe exactly that part of a nucleus.”

For example, the statement "John has left" fits into the "consequences"
part of the nucleus around the core event "John leave" and refers to any

time after that core event has occurred.

John have left
\ [1177777777/777777
i

I
John leave

Given this ontology, they say, many anomalies can be removed and many
ambiguities resclved. Temporal categories and propositions refer to a
mental representation of events to which the notion of a nucleus is

central.

However, the need for world knowledge is still strong. For example, as
Moens and Steedman themselves point out the difference between

John played the sonata for a few minutes and

John played the sonata for about eight hours
is that "our knowledge about sonatas and how long they typically
last” allows us to assume the second sentence is an iteration of points,

at each of which John finishes playing the sonata.
Moens and Steedman suggest that we need world knowledge for  when
clauses as well, because when confronted by one, the hearer will try to

interpret this when clause as describing a complete nucleus This
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then functions as the temporal referent relative to which the main
clause has to be evaluated. It means the main clause is to be situated

somewhere within the nucleus described by the when clause.

For example the clause "When they built the 39th Street bridge ..."
appears as the nucleus
!They build the bridge they have built the bridge
|

!
they finish
building the bridge

The main clause event can be situated anywhere in this nucleus

...they used the best materials.

...a local architect drew up the plans.

...the president came to open it.

...they solved most of their traffic problems.

However, although the referent of a when clause is the whole nucleus

it is world knowledge which  allows us to decide where to situate the

main clause in the nucleus. Even given knowledge of "how things
happen in the world", sometimes it is still not clear, for example,
in the sentence "When Nikki Lauder won the race, the best technicians
worked on his car" intuitions vary as to whether "the best technicians
worked on his car" was one of the facts that enabled him to win the race

or whether it follows it as one of the consequences.

Moens and Steedman claim the idea of a nucleus as a temporal reference
provides an answer to the 1linguistic and philosophic problem of the
"imperfective paradox" (Dowty 1979) which concerns how a progressive is
related to the meaning of the corresponding non-progressive sentence.

"John was drawing a circle" does not imply that at some future point it
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will be true that "John has drawn a circle".

Using the concept of a nucleus the referent in "John was drawing a
circle" is given natural expression in the concept of a process which is
associated with, and identified by a culmination point irrespective of

whether that culmination point is actually reached.

In a similar way the concept of nucleus as referent allows us to suggest
its representation in a model might already include its likely
conseguence(s). For some events their consequences will be negative, in
that‘ they prevent something else happening and in these cases a

non-factive consequence will be understood naturally.

In Section 1.10 I describe of the work of Keenan (1968) which supports
the idea of more and less anticipated consequences arising from reading

a sentence describing an event.

The concept of a nucleus adds a degree of sophistication to the problem
of the temporal referent and suggests that temporal representation
should not be thought of as representation of a series of points but as
a series of events. It 1is at the stage of the combination of the
linguistic description of the event with representation of discourse
already processed and general Kknowledge at the level of a discourse
model that theories of scripts, schemas, scenarios, etc become relevant

- they are a stereotyved image of the event described.

The 1idea of a nucleus leads me to question the work of Partee (1984)

{(see section 1.8) when she suggests the 'unmarked' wvalue of a discourse
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structure is "simple linear progression" and the event clause moves the
narrative forward by bringing in a new reference time "just after" the
given event, so that a (preposed) when clause in a linear narrative
triggers the introduction of a new reference time located just after the
event described in the when clause. Moens and Steedman's idea would
mean the new reference time could be anywhere on the nucleus, so that,
with a text such as "When the terrorists blew up the bank they phoned a
warning. The police made frantic efforts to clear the building but
forgot to check the strong rooms”, the second sentence falls quite
naturally into the time behind the explosion and the event that forms
the main clause will be the centre of focus for the processing of the

next sentence.

One way the idea of an 'unmarked' or 'nmatural' ordering understood from
syntactic and semantic factors could be tested is from RT experiments to
see 1f this order speeds RT. If Moens and Steedman's notion of a
'nucleus' has psychological reality, reading times would presumably not

differ wherever on the nucleus the when clause is located.

I would suggest that the concept of a nucleus, as presented by Moens
and Steedman may well be wuseful in describing how we understand and
represent a large number of connectives, other than when, whose

meaning can vary depending on the semantics of the clauses they connect.

1.4 Pragmatics

So, as we have seen, sometimes neither syntax nor semantics is enough to

enable complete understanding. Stevenson (1989) gives the example "Jane
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was late for her appointment with Sue and she hurried to get a taxi."
Because the pronoun is contained in a separate clause both potential
antecedents (Jane and Sue) are available on syntactic grounds. A
semantic analysis will not help as the pronoun she is compatible 1in

both number and gender with either of the two antecedents.

Pragmatics however means that this sentence is not truly ambiguous
because we can make inferences from general knowledge about the likely
consequences of someone being late for an appointment to infer that
she 1in fact refers to Jane. Much of the discussion in the "semantics"
section regarding when clauses could equally well appear under the
heading pragmatics. Discourse model theories tend to blur the
distinction between semantics and pragmatics and spelling out the

relationship between the two is a matter of current debate.

My first indication that general knowledge of world order could be of an
importance even overriding that of syntax and semantics, was from French
and Brown (1976) and Trosberg (1981) who reported that children
performed better with  before and after on sentences describing
events in "logical"” rather than "arbitary" order. Fillenbaum (1974)
reports that people often take no notice of the connective when events

are described in "contra-logical order”.

The fact that pragmatics 1is given the deciding place by Moens and
Steedman in their discussion of when sentences supports evidence from
Heinamaki's work on temporal connectives which suggests that, especially
with before but also with many other connectives, there 1is no simple

semantics - these connectives only achieve stable meaning when context
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is there to aid evaluation (and sometimes not even thg@)as with the

Nikki Lauder sentence above).

Heinamaki (1974) discusses what makes some before clauses non-factive
and reaches similar conclusions to Johnson-Laird, above, that it is the
meaning of the two clauses and the relationship between them that
determines whether the before clause 1is interpreted factively or

non-factively.

With a sentence "Max died before he saw his grandchildren" - the
inference from the main clause, together with some assumed facts
(the belief the dead cannot see) semantically entails that the "before"
clause cannct be true. This does not however, explain the difference

between the two following:

Ted put money in the parking meter before a policeman gave him a ticket.

Ted blew his nose before a policeman gave him a ticket.

With the first sentence there is a belief of the form - "If Ted had not

put money in the parking meter, it is expected that a policeman would

have given him a ticket later on". The non-factive interpretation of

the second sentence 1is ruled out because the counter-factual to it,

"I1f Ted had not blown his nose, 1t 1is expected that later a policeman

would have given him a ticket" is not plausible.

This is why "Max died before he saw his grandchildren" is reasonable
(it commits readers to the counterfactual conditional "If he had not
died it is expected that later he would have seen his grandchildren"),

whereas "Max died before he became the King of England” 1is odd because
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it commits the reader and speaker to the counterfactual "If Max had not
died it is expected that 1later he would have become the King of

England".

With a non-factive before sentence the main clause expresses an event
that prevents the before <clause from coming true. The event
described by the main <clause is both a sufficient  and necessary
condition to  prevent the event described by the subordinate clause.
There is no way this can be determined from the syntax of the sentence -

it relies on both semantics and general knowledge of the world.

Heinamakl admits it is not as simple as this. There are sentences that
can be interpreted either way.

Sue left the party before she punched anyone.

Mary left John's apartment before he managed to seduce her.

Rush the victim to hospital before he dies!

In these sentences the conditions that the non-factive reading requires
hold with respect to some situations and not with others. These three
sentences can appear both where conditions for non-factive before
clause are met and where they are not. The second one can have the
non-factive reading if the only place for seduction is John's apartment,
but if John could have seduced Mary elsewhere the before clause can be

factual.

Often quite complicated assumptions are required for the counterfactual
conditional. The following sentence 1is an example
The police saw her before she hid in the alley.

For a non-factive reading we need to assume that the police stopped her,
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presumably because she was a criminal (else why would she hide).

From our examination of when and before we can conclude that
connectives do not have simple invariant meanings that can be applied
uniformly across different contexts irrespective of the meaning of the

individual clauses which they connect.

Another strange factor in our comprehension is the tendency to attribute
cause when two sentences are joined by a temporal connective. In most
cases the temporal clause is taken to be the cause or reason for the
state of affairs described in the main clause e.g. "The room was cold
when the heater broke down", the cause of the room being cold is the
heater breaking down. However as Heinamaki points out, if we change the
main clause into a when-clause "When the room was cold, the heater
broke down", 1if we get a causal implication at all, then the fact that
the room is cold 1is taken to be the cause for the heater's breaking

down. As leng as and while act in the same way.

With after and since it is again the temporal clause that gives the
cause,
"John was depressed after he got i1l" (his illness made him depressed)

"John was ill after he got depressed" (his depression made him ill)

There are cases where before and until <clauses are understood to be

the causes:

"Roses bloomed before the cold front arrived" (where cold front put an

end to roses blooming) but also cases where the main clause is the cause
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"We fixed the pipe before the kitchen was flooded".

Heinamaki comments that this has been observed before, but not
explained. Some events related by temporal connectives also have other
connections than the temporal one, and these connections do not have to

be causal.

"Bruce brushed his teeth before the comet appeared."” sounds odd, because
of something loosely called "lack of relevance", whereas with "Bruce
became a pilot before the energy crisis started" it is possible to
think of several ways in which the temporal clause is relevant to the
main clause. Although the first could be made relevant given a context,

the wvery fact that a context is needed shows that some kind of

relevance is necessary. We can have pure temporal relation only with a

date, for example "John arrived in 1973 after 6 o'clock” because a date

has no other ties to context.

This leads Heinamaki to state "Some kind of other connections in
addition to the temporal one is the rule not the exception and these
connections are manifestations of the relevance principle." Causality

links two events in a relevant way.

We cannot have a causal relation unless there is a certain kind of
temporal relation between the events too, the cause temporally precedes
the effect. With after and since this 1is as expected, with
before and until the subordinate clause cannot express the cause
that brings about the event mentioned in the main clause but they can

express a factor that brings about the end of the state of affairs
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described in the main clause. With co-temporal clauses the situation is
more complex, but cause is evident here as well,

We felt homesick when we were eating blueberry pie.

Chico helped us when we asked him to.

We were happy when Chris came back.

I would suggest that in these cases it is the description of the clauses
as co-temporal which is wrong. In all of them we understand the when
clause to at least begin prior to the main clause and cause the
event/state in the main clause. In terms of Moens and Steedman's (1986)
concept of a nucleus, "when we were eating blueberry pie" can have
certain possible consequences, for instance it can cause satiation,

indigestion or in certain circumstances homesickness.

1.5 Weakly Interactive Processing Model

Having defined the 1levels of syntax, semantics and pragmatics as
necessary 1in processing 1language, we are faced with the problem of

providing a satisfactory account of how these three interact.

For the purpose of this thesis the model proposed by Stevenson (in
preparation) provides a theoretical base to which the experiments which
follow can be related. This model is a development of the weakly
interactive model of Crain and Steedman (1985) and Altman and
Steedman (1988), which was built to explain why some sentences with
local ambiguities lead us "up the garden path"”. All potential analyses
are constructed in parallel and the processor chooses one of them,
rather than only computing one and backtracking if it turns out to be

wrong; incremental processing is fine-grained, which means that
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meaning is assigned as early as possible, probably constituent by
constituent rather than at the end of a sentence and there is a weak
interaction between syntax and semantics - semantic information rules
out potential syntactic analyses but does not affect the choice of

which analyses to construct.

This notion of a fine-grained incrementalism suggests that an
independent syntactic representation (such as that described 1in
Section 1.2) is not constructed beyond the level of a constituent, since
a meaning is assigned to each constituent as it is parsed. The output
of the parser 1s an interpreted string which Stevenson «calls a
propositional representation (see Johnson-Laird 1983) This
propositional representation contains the syntactic information but it

also contains the meaning associated with each constituent.

Crain and Steedman examine the way a weakly interactive model explains
the problem of local ambiguities which can give rise to garden path
effects: e.g. "The horse raced past the barn fell”, and show that these
garden path effects can be due to the nature of the processes within the
syntactic component and also that, on some occasions {(i.e. given the
correct context), these syntactic ambiguities can be resolved by
reference to the semantic component, allowing the syntactic component to
yield a unique syntactic interpretation. Instead of trying to resolve
local ambiguities structurally they suggest recourse to a system of
immediate, almost word by word interaction with semantics and reference

to context.

They examine certain varieties of definite and indefinite referring
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expressions and their presuppositions and suggest a way this reference
might interact with the parsing processes. Their arqument is that the
null or neutral context used in many experiments is far from neutral
with respect to the parsing processes, instead, as Heinamaki pointed out
(p.148) "When the hearer encounters [a sentence] (s}he recognises what
its presuppositions are and consequently what the context has to be for

[the sentence] to be proper".

Crain and Steedman then show how the garden path effect of sentences
such as "The horse raced past the barn fell." can be explained by
reference to the context, requiring the satisfaction of any

presuppositions.

It is 1important to note that there is no reason to assume the null
context, 1in which no horses whatsoever have been mentioned, will be
neutral with respect to the above sentence. The two readings of this
sentence may, because of the differential number of presuppositions that
they invoke, differ in the ease with which the hearer can set up

referents.

The restrictive reading of this sentence "The horse (which was)
raced...” 1s more propositionally complex because it involves several
horses rather than one, and a number of further facts about the way

these can be distinguished.

“The horse which was raced past the barn fell." involves (1) that a set
of individuals indentified by the head nominal (a set of horses) is

already represented in the hearers model (2) that it is already given or
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implicit that the relative clause applies to some individual in that set
(3) the whole expression identifies a single individual. If this was
not the case the speaker would have said "The horse fell"”, or "A horse

fell".

Crain and Steedman tested this by providing alternative contexts for
sentences that had previously caused subjects to "garden path" and asked
subjects to press a response key if the target sentence was
ungrammatical. Reports of ungrammaticality were much reduced when
context agreed with interpretation of target sentence required. For
example
a. Complement-inducing context
A psychologist was counselling a married couple.
One member of the pair was fighting with him but the other one was

nice to him.
b. Relative-inducing context
A psychologist was counselling two married couples.
One of the couples was fighting with him but the other one was

nice to him.

c¢. Complement target sentence
The psychologist told the wife that he was having trouble with her
husband.
d. Relative target sentence
The psychologist told the wife that he was having trouble with to leave
her husband.
The conclude that contextual clues seem to be used during the first pass
through the sentence, i.e., the knowledge that the presuppositions of a
relative clause have or have not been established appears to be used
during sentence comprehension. This contradicts accounts of
comprehension which claim division of a sentence into given and new

information occurs only after its syntactic and semantic interpretationis

completed (e.g. Clark and Haviland 1974).

-22-



The argument is thus that interpretation 1is facilitated by the context
sentence which enables a unique syntactic interpretation to be given to

the target sentence.

Stevenson and Pickering (in preparation) point out that full
interpretation requires more than this however, each noun phrase in a
sentence must be assigned to a unique individual so that a complete
interpretation 1is provided. Assigning individuals to each noun phrase
is carried out by the semantic component and the pragmatic component can
rule out competing referential assignments.
e.g. Two women lived next door to each other.

One woman died and the other woman went to the funeral.
Target 1 The clergyman told the woman (that survived) that death

comes upon us all.

Target 2 The clergyman told the woman that death comes upon us all.
Pragmatic plausibility tells us us which of the two women the clergyman
must be talking to even in Target 2 where there is no relative clause,

and this enables the semantic component to produce a unique referential

interpretation for the sentence.

This model has three major components, a syntactic component, a semantic
component and a pragmatic component. Stevenson and Pickering
propose that information from the semantic component may be used to
rule out competing syntactic analyses but pragmafic information cannot
directly 1influence the syntactic component. However, the pragmatic
component does have a direct influence on the semantic component. This

model is awaiting confirmation from experiments.
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1.6 Memory for temporal order

Ideally, any work that looks at temporal connectives from a 1language
processing point of wview, should be able to explain how we would
represent such a passage as the following, taken from Hirst (1978),
with " indicating a point where the direction of time flow changes.
"Slowly, hesitantly, Ross approached Nadia. ~ He had waited for this
moment for many days. ° Now he was going to say the words " which
he had agonised over " and in that very room ~ he had often dreamed
about. ~ He gazed lovingly at her soft green eyes."
How much of this do we remember? Does only what we remember go into a
model (which would make it synonymous with gist) or does the whole lot?
If not, do we only remember time flow changes - or temporal order -
where they have some importance (relevance), possibly causal, possibly
because the two things happen together in some particular order - brush
her teeth before she goes to bed - as a matter of custom. Fillenbaum

(1974) points out in this case we don't even notice often if we hear

"she goes to bed before she brushes her teeth".

Perhaps it is a good idea to see first what we do remember from stories.
Most work on memory for detail from short stories dates back to the
1930s. Bartlett (1932) found (1) omission of detail and parts of
story that did not fit in, (2) rationalisation to explain incongruous
factors, (3) a dominant detail often became an anchor point, (4) words
and names changed to become more familiar, (5) transformation of order,

especially in descriptive as opposed to narrative passages.

In a fascinating (but extremely dated) book, Sturt (1925) gives the

-24-



results of an experiment where two stories were read to subjects who
were asked to reproduce them. She counted how many items containing
time and place information were remembered compared to other items and
concluded that details of time and place are poorly remembered, they
"form a sediment at the bottom of the list”. O©Of the two, time holds a
lower place than place. Her subjects were 1ll-yr olds and adults (she
chose 11 year old children because in previous experiments found that
children's appreciation of temporal factors improved up to that age and
then stabilized). Percentages of people remembering the different types
of items were:
Time  Space Other

Stories 1 & 2 Children 29.25 37.9 44 .4

Stories 1 & 2 Adults 33.5 38.2 54.9
I would interpret Sturt's findings as support for a view which took time
and place details as basic and often therefore less important details of
a model - the context in which the story can unfold. It may however, be
necessary to distinguish between temporal items such as Sturt was
monitoring (in 1943, after 3 days, etc) and temporal order that is often

necessitated by the normal causal patterning of events in the world.

Trosberg (1981) studying before and after sentences found that
children were able to perform better on tasks, at a younger age, when
the sentence referred to items in "logical" rather than arbitrary order,
i.e. where a character has a bath before bedtime. In many experimental
tasks this element is excluded by deliberately choosing arbitary events
to combine into sentences - see for example how much care is taken by
Gernsbacher, Hargreaves and Beeman (1989) to ensure there i3 no

"preferred" order of two events in a sentence.
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There is an obvious similarity between sentences describing events in an
arbitary temporal order (e.g. she ran past the shop, then she ran past
the church then she ran past the school) and sentences describing
locations of objects (e.g. There was a shop, next to that was a church,

and next to that a school).

Experimental werk (Barclay 1973, Ehrlich & Johnson-Laird, 1982) shows
that factors such as continuity influence memory for descriptive
passages of text. Can we see the same factors at work in passages

describing events which are temporally related?

Barclay used one-dimensional arrays with five members, such as:
lion bear moose giraffe cow
with the relation between the members being "on the right (left) cf".
He presented sentences describing such arrays, and asked half of his
subjects to memorise the sentences, and half to try and fiqure out the
array. Later all subjects were given an unexpected recognition test.
Subjects who were asked to memorise the sentences performed fairly well
at recognising the actual sentences heard, whereas those told to figure
out the array tended to sort the sentences into those that were true of
the array and those that were false, regardless of which sentences they
had heard. The subjects who had to extract the content of the
sentences had derived a representation that was compatible with any true
description of the array but which did not conta?nxiﬁféfmation about how
the array was originally described. Barclay's fésultS‘can be eﬁplained
by assuming that people who are told to figure out the array construct a

representation analogous to the array - a mental model of it.
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In a similar experiment, Potts (1972) showed that subjects were faster
to verify sentences decribing relations between objects far apart in an

array than those describing objects close together.

Other work on the representation of spatial relations (Ehrlich &
Johnson-Laird, 1982; Mani and Johnson-Laird. 1982) suggest more complex
arrays are not always constructed, for example, when there is a
referential discontinuity as there 1is between the first and second
sentences below. (Ehrlich & Johnson-Laird, 1982)

The knife is in front of the pot.

The glass 1is behind the dish.

The pot is to the left of the glass.
Model building is also more difficult if the relations are

indeterminate, so that two different arrays are consistent with the

description, (Mani & Johnson-Laird, 1982)

They tested the idea that subjects would tend to form a mental model of
a spatially determinate description but would not do so for an
indeterminate description consistent with more than one spatial layout -
especially 1if their task was to check whether the description
corresponded to a diagram. They might easily form the "wrong" model,
that 1is, one that did not match the diagram, though it was equally

consistent with the indeterminate description.

The subjects heard a series of spatial descriptions, such as:

The spoon is to the left of the knife.
The plate is to the right of the knife.
The fork is in front of the spoon.
The cup is in front of the knife.
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After each description they were shown a diagram such as:

spoon knife plate

fork cup
and they had to decide whether the diagram was consistent or
inconsistent with the description. Half the descriptions that the
subjects received were determinate as in this case and half were
spatially indeterminate. The indeterminate  descriptions  were
constructed merely by changing the last word in the second sentence:
The spoon is to the left of the knife.
The plate is to the right of the spoon.
The fork 1is 1in front of the spoon.
The cup is in front of the knife.
This description is consistent with two radically different diagrams:

spoon knife plate spoon plate knife

fork cup fork cup
After the subjects had judged the descriptions and diagrams, they were
given an unexpected test of their memory for the descriptions. On each
trial they had to rank four alternatives in terms of their resemblance
to the original description: the original description; an inferrable
description, and two ‘'foils' with a different meaning. The inferrable
description for the example contained the sentence:

The fork is %O the left of the cup.

in place of the sentence interrelating the spoon and the Kknife. The
description is therefore not a paraphrase of the original, but it can be
inferred from the layout corresponding to the original description in
the case of both the determinate and the indeterminate descriptions.
This inference 1is only likely to be made if the subjects construct

mental models, and, moreover, ones that are symmetrical. If they were
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to construct an asymmetrical model of, say, the determinate description
above:

spoon knife plate

fork

cup

then they might well fail to consider that the fork is to the left of

the cup.

The subjects remembered the gist of the determinate descriptions better
than the 1indeterminate descriptions. The original and inferrable
descriptions were ranked higher than the confusion items 88% of the time
for the determinate descriptions but only 58% of the time for
indeterminate descriptions. The original was ranked higher than the
inferrable more often on the indeterminate descriptions than the
determinate ones, showing subjects tend to remember the gist of
determinate descriptions better than that on indeterminate descriptions
and the verbatim detail of indeterminate ones better than of

determinate.

Johnson-Laird explains this by suggesting that subjects construct a
mental model of the determinate descriptions but abandon such a
representation in favour of a superficial propositional one as soon as
they encounter an indeterminacy in a description. It is reasonable to
suppose the same factors will affect the build-up of a model of events

in temporal order.
Likewise, if the results of the Potts study (quoted above) apply equally
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well to events 1in temporal order, we should find that events close
together in time are mere easily confused 1in memory than those far
apart. Similar confusions with non-temporal text are shown by Garnham
(1981) who demonstrated that people confuse sentences that are
semantically, as well as syntactically, different. Two sentences differ
semantically if the range of situations that they could describe are
distinct. Such sentences may be mistaken for one another if, in the
context of a passage, they describe the same event, i.e. have the same
referent. For example, in a passage that starts:

By the window was a man with a martini.

The noun phrases the man by the window and the man with the martini

are co-referential, though in other passages they are unlikely to be.
Subjects who heard a passage beginning with the sentence above could not
remember whether they had later heard:

The man with the martini waved to the hostess.

OR The man by the window waved to the hostess.

Thus people remember neither the syntax now the semantics of what they
hear but rather its referential content. They produce a representation
of what the world would be 1like 1if the passage were true - a
representation that is not closely related to any linguistic description
of the text and which should not be called a semantic representation.
This is what Garnham calls a "mental model"” of a situation in the real

or imaginary world.

The above review of memory for temporal information makes it clear that
there is still a vast amount of work which needs to be done. This thesis

aims to answer a number of the questions raised in this chapter,  and

-30-



these are listed below:

Can I confirm Sturt's findings that temporal and locative information

are remembered to a similar extent?

Is there a difference between memory for order between what Trosberg

calls logical and arbitrary order?

Do we form a representation of temporal events analagous to the sort of
representation shown by Barclay, Ehrlich & Johnson-Laird, Mani &
Johnson-Laird for location of objects? Are the same factors (continuity

and determinacy) important?

Are we more likely to confuse two events occurring close together in

time more than two events far apart?

1.7 Given-New Strategy

Bever and Townsend (1979) attempt to simplify a complicated field by
collating wvarious 1labels for what they see as a "de-emphasised/
emphasised” distinction in language. As they see it, given information,
old information, presuppposition, presumption, background, topic,
psychological subject, theme, have all been used to refer to the
de-emphasised portion of speech while new information, focﬁé, assertion,
foreground, comment, psychological predicate and theme have allrbeeﬁ>

used to refer to the emphasised portion.
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For the purpose of this thesis I wish to separate out three of these
terms for especial comment.

1) "Focus" 1is given a section to itself 1later in the chapter.
2) "Presuppositions" are closely linked to "semantic entailments" and
can be tested for by applying the '"negation test". For example,
putting "It is not the case that..." before the sentence "Harry got

sick when he ate the apple” does not negate the underlined portion

of the text, which 1is the presupposition. As Heinamaki (1974) points
out, a sentence 1in isolation presupposes the existence of the entities

in the subordinate temporal clause.

This suggests that temporal expresions might be understood more quickly
in a context that provides the presuppositions. As mentioned in section
1.5, Altman and Steedman show that, where syntax allows two possible
sets of presuppositions, providing a context for one of those sets

resolved local ambiguities in text with relative clauses.

3) The given-new dimension was first investigated by Haviland and Clark
(1974) who proposed that the presupposed information in a sentence
coincides with given information or "what the listener already knows",
while the asserted information <coincides with new information,
with which the listener is unfamiliar. They measured the time that
subjects spent reading targe sentences such as:
The beer was warm.

in two different contexts. The fact that a definite noun phrase was
used presupposes the reader already knows about the existence of some
beer. In one context beer was explicitly mentioned in the preceding

sentences:
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We got some beer out of the trunk.
In the other an inference was required to establish that beer was among
the picnic supplies:

We checked the picnic supplies.

This inference is plausible because pibnic supplies often include beer.
The sentence "The beer was warm."” was read more slowly in the second of
these contexts suggesting that computation of the inference took time.
This result could not be explained by the fact that the beer was
repeated in the other passage. A non-specific mention of beer did not
help. Subjects spent a comparatively long time reading "the beer was

warm" after:
Andrew was especially fond of beer.

The context should establish the reference time, just as Haviland and
Clark's context sentences established a reference for the beer,
although often this 1is done unobtrusively (e.g. the above sentences
establish that the beer was warm at the time they got it out of the

trunk, but this is unlikely to be especially noticed.)

Smith (1978) examines how reference time for one sentence can be
established by a prior one (considering that sentences without a time
adverbial are vague or incomplete) Sentences (b) below require {(a) to
give complete temporal reference

(a) I talked to Mary last night. (b)She was happy.

{a) I talked to Mary on Friday (b) She was leaving in 3 days

(a) John arrived at noon. (b} Mary came later.
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Others can be wunderstood with temporal reference in a prior sentence
or alone e.g. (b) can be wunderstood alone or in conjunction with (a):
(a) Next Sunday we're flying to Amsterdam

(b) We visit friends on Monday

Others cannot be understood in a temporal context established earlier
(a) Robert talked to Bonnie at noon

(b) He {Robert) arrived 3 hours ago

Yekovich, Walker and Blackman (1979) suggest sentences are easier to
understand when given information occurs at beginning of one sentence
and picks up a new reference made at the end of the previous sentence.
In terms of the two-clause sentence connected by before or after
this would suggest that subordinate-main sentences are optimal. To see
this clearly, imagine a two-sentence fragment of text; new information
from the previous sentence would provide the given information at the
beginning of the second sentence. This would need the reference time
in the subordinate clause to be established in the previous context -
just as Yekovich et al's analysis needs the ‘'given' entity to be

introduced in the prior context with an indefinite noun phrase.

Ehrlich and Johnson-Laird (1982) found no support for this however. On
the contrary, in two of their experiments the task .was easier when a
reference was made at the start of the first sentence to the item to be
referred to in the second sentence, and they also report that the
effects of referential continuity need not be restricted to second

sentences.
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Theories about prominence in text and thus organizing
reference assignment (which has relevance for temporal reference)
fall into two broad schools. Yekovich et al's work forms part of a body
of thought which assumes readers represent explicit information éboﬁt
the text, 1including surface information such as order of mention.
According to this theory reference asignment becomes more difficult the
further away referents are located in the text. This ignores the issue
of different prominence that different items might have in a text, which
is one of the hurdles that discourse model theories attempt to surmount
by suggesting that once a model 1is constructed the part that is

currently relevant for interpretation will be in working memory.

Yekovich et al are dealing with purely syntactic factors whereas my view
would be that semantic and pragmatic factors are more 1likely to

determine continuations.

Partee argques that two factors may be involved

(a) main clause continuation 1is ‘'unmarked' ("preferred") (i.e. a
syntactic view) and

(b) latest event in time continuation is 'unmarked' (i.e. a semantic

view)

Bever and Townsend point out that because of the correlation of the
given-new dimension with the main-subordinate structural distinction,
(subordinate clause contains given) the studies that suggest main
clauses are more deeply encoded can be taken as support for the claim

that new clauses are more deeply encoded. It is difficult to
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know how these two factors could be teased apart.

There are a number of questions raised by the foregoing discussion
about the way in which preceding context facilitates sentence
comprehension. In particular as far as this thesis 1is concerned I
would wish to discover whether reading time of a target sentence is

affected by a prior context for main clause or subordinate clause.

Yekovich et al would argue that subordinate clause followed
by a sentence in subordinate-main clause order is optimal, because it is
the subordinate clause which picks up a new reference from the previous
sentence. By contrast, Johnson-Laird would argue that whether context
was for subordinate or main clause would not affect reading time as both

clauses would be in the mental model available for easy reference.

The other point which seems to be important at this stage is confirming
that the easy identification of a temporal referent is important for
language understanding in the same way as the easy identification of a

referent for a pronoun.

1.8 Linguistic Models

In the area in semantics I have characterised as discourse model
semantics, Kamp (1981) has taken the 1lead in explaining how the
temporal order of events conveyed by language might be represented. He
begins from the failure of traditional model-theoretic semantics to take
account of the fact that discourse conveys a definite temporal order

among the events it represents and proposes a discourse
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representation theory where one of the rules of discourse representation
construction 1is that a sentence in passe simple introduces a new event
which follows the 1last event already introduced. This means that the
temporal relations 1in the representation become an 1integral part of

truth conditions of the discourse.

This 1is a wuseful idea, and accords with my intuitions, and it 1is
supported by the results of an experiment by Townsend (1983) who
showed that people remembered more of a discourse when sentences were
presented in the order in which the events described occurred,
indicating that temporal order aids comprehension (see section 1.10 for

more detail).

It may be that it 1is toco simplistic in some respects, because not
all language is in (even the English equivalent of, passe simple) and it
needs adapting to explain how we cope with texts such as the one,
quoted above but repeated below for easy reference, taken from Hirst
(1978), with ~ indicating a point where the direction of time flow
changes.

"Slowly, hesitantly, Ross approached Nadia. ~ He had waited for this
moment for many days. ° Now he was going to say the words ~ which
he had agonised over " and in that very room ~ he had often dreamed
about. ~ He gazed lovingly at her soft green eyes."

In this passage the second sentence has to fit into the time before
the first, the passage then returns to the time of the first sentence
but only for one phrase "Now he was going to say the words" and then it
reverts to the past again. The text flows back and forth between the

present and the past without undue contrivance and indicates that if we

do adopt Kamp's rule of discourse construction, for passe simple
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sentences, we are still able to understand text which doesn't follow a

smooth time line.

This is the case with an after clause continuing from the subordinate

clause of a previous sentence, as in the following example

After Mary had left we realised she had forgotten her umbrella.
She had gone out of the back door so she could see the garden.

here "She had gone out of the back door"” refers to the time "Mary had
left" which is before "we realised she had forgotten her umbrella", yet
we have no difficulty relating the second sentence to the relevant part

of the first one.

A similar case arises with a before clause <c¢ontinuing from the main

clause previous sentence.

Before Peter shouted "bingo" Marylou jumped up and waved her card.

She thought she'd got a full house and sat down sheepishly when she
realised her mistake.

Here the second sentence refers to the earlier of the two events

mentioned 1in the first sentence, rather than the last occuring of the

two events.

This rule of discourse model construction may have originated simply
because this is the direction in which we most often use language to
describe things and the way in which we tend to think of things

happening.

Kamp's argument allows him to claim that when is not necessary as the
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same temporal relations are expressed by two sentences and this allows
Kamp to provide rules for construction of discourse representation
structure that handle the occurrence of tense forms in complex sentences

in much the same way as they are handled in a sequence of sentences.

The discourse representation has another advantage however, as it

allows for the representation of the difference in French between passe

simple and imparfait, and the equivalent different between "Bill worked"

or "Bill was working” in English be tackled. The choice of tense form

depends on the function of the sentence in which it occurs in a text, so
i) Imparfait sentence introduces new discourse state "s"

ii) This state "s" lies before speech point

iii) Contains last event'e' (introduced by passe simple)

Kamp and Rohrer (1972) depict this schematically as:

P {
e

NS :

S

Kamp then tries to precisely formulate rules from the stage the
representation has reached for the rules to be applied. In order to do
this he adapts the ideas of Reichenbach (1947) who distinguished three
underlying times in his account of the relation of past and perfect.
The speech time S and the event time E are self-explanatory. A third
time, the reference time R corresponds to the notion of the time that
is being talked about. In the case of the simple past R is coincident
with the past event time, but in the case of the present perfect it is.
coincident with the time of utterance. This 1is shown below with é éort

of time line diagram:
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Simple past (John left) Present Perfect (John has left)

E,R S E R,S
For Kamp at each such stage a particular time or event in the DRS is

marked as reference point. This reference point gets transferred to

the next event that gets to be introduced into the representation by a
passe simple sentence. Kamp says reference points are established by
context - often relevant contextual factors are contained in the
antecedent discourse. Moens and Steedman's concept of nucleus can be
claimed to be an improvement on this, using "reference event" instead of

"reference point" while allowing the rest of Kamp's ideas to stand.

As mentioned in section 1.3, Partee likewise uses Reichenbach's notion
of reference time as extended by Hinrichs (1981) and combines it
with Kamp's theory of discourse representation (but says file-card
semantics as. developed by Heim (1982) would do equally well) to cover
cases of temporal quantification and temporal analogs of donkey

pronouns.

Partee considers the interaction of temporal adverbs and tense and makes
some claims which, although at first glance appear to be necessary to
explain the construction of a discourse model, contradict the
psychclogical work produced so ‘far. As already stated, Bever and
Townsend (1979) report considerable evidence that adults and children
have better access to the meaning of a main clause, but better access to
the verbatim form of a subordinate clause immediately or shortly after

hearing a  sentence {(e.g. Amidon & Carey, 1972; Flores d'Arcais, 1978;
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Harris, 1976; Shedletsky, 1974; Singer, 1976; Singer & Rosenberg, 1973:
Smith & McMahon, 1970 in two of three experiments; Townsend, 1974;
Townsend & Erb, 1975). In addition several previous studies show that
perception, comprehension and long-term retention are easier with
sentences with main-subordinate order. (Foss & Lynch, 1969: Holmes,
1973; Hoosain, 1974). All these findings are consistent with the view
that a dominant strategy in sentence comprehension is an initially

deeper interpretation of a main clause.

Partee, however, <claims that the main clause 1is interpreted with
respect to a reference time descriptively characterised by the
subordinate clause. This necessitates prior processing of the
subordinate clause, presumably to a fairly deep level. Her rules for DR
construction, then state, if the main clause 1s an event clause, the
last step in the processing is the resetting of the reference time to a

time "just after” the main clause event.

This means that the reference time in effect after the sentence depends
on which clause was the main clause. This corresponds with her informal
observation that it is the main clause that carries the main story line
along. Suppose we are interpreting a simple past tense narrative, our
most recently established past reference time is r and the next sentence
begins with a when clause. The when clause triggers the updating of
the reference time to a new value (r2) and the content of the when
clause puts conditions on r2. The main clause is then interpreted with

"

respect to r2. (In the following example, r" indicates reference time

" "

and "e" indicates an event.)

-41-



Mary turned the corner. When John saw her she crossed the street.
r0 el rl re e2 el r3

Partee adds some ideas from her notion of linear narrative.

1. She treats successively introduced reference times as strictly
following one another (but she only manages this by putting
before clauses outside 1linear narrative - does she not have to
do this with other <connectives, certainly at 1least until as
well?)

2. When clauses usually indicate simple linear progression, as do
concatations of sentences (similar to Kamp). So that just as an
event clause moves narrative forward by bringing in & new
reference time Jjust after the given event, so does a when
clause. A (preposed) when clause in a linear narrative triggers
the introduction of a new reference time located just after the

event described in the when clause.

She says the function of a when <clause in simple linear narrative is
to provide a new reference time for the associated main clause. The
event in the when clause differs from one in a simple sentence in that
it is not constrained in the then current reference time, but rather
serves to provide a descriptive anchor for the next introduced reference

time.

This is shown in
"People began to leave. When the room was empty the janitors came in.
Which is an interesting example because it suggests when can act 1like

after, functioning to close off previous discourse.
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Partee interprets the contents of subordinate clauses as events rather
than states or processes so doesn't put the. subordinate clause event
within any reference time of its own and she continues in the belief
that subordinate clauses are always processed before main clauses and
introduce the reference time with respect to which the main clause is
interpreted. (It should be noted that she restricts this claim to
preposed subordinate clauses, and makes no predictions about the effects
of postposed subordinate clauses.) After and Dbefore function

asymetrically in establishing reference time.

Mary turned the ccrner. When John saw her she crossed the road. She
hurried into a store. (1)

Mary turned the corner,. Before John saw her she crossed the road.
She hurried into a store. (2)

Mary turned the corner. After John saw her she crossed the road.
She hurried into a store. (3)

r0 2 r3
(1) turn(e) rl see(e) cross{e) hurry(e) r4
r0 r2 r3
(2) turn(e) rl cross(e) hurry(e) rd
seefe)
r0 rl r3
(3) turn(e) rl cross(e) see(e) hurry(e) r4

The reference time (at which the main clause occurs) is introduced by
the subordinate clause and comes after the previous reference time (rl)

regardless of which subordinate conjunction begins the clause.

She claims the event in the before clause does not end up in the linear
order at all; it merely helps to describe the temporal location of r2,
but it is not otherwise connected. This accords well with the ease with .

which we construe events as not part of the real event structure at all.

-43-



The conflict between the ideas of Partee and the {findings of Bever and
Townsend illustrate a divide which 1is not that easy to overcome.
Partee's theories, like those of Kamp, are semantic theories, which set
out possible ways in which temporal factors might be obtained from
presented language and assigned truth conditions. If these are wrong
we need another semantic framework which accounts for the findings of
people such as Bever and Townsend. It is worth noting again that
Partee does not claim the same processes occur with postposed
subordinate clauses Evidence from Bever and Townsend about while (in
Section 1.2) shows there might indeed be a difference in the way
subordinate c¢lauses 1in first or second positions are understood and
their other work shows that syntax (in the form of clause order) does

affect processing.

Pragmatics also affects processing. We can see this most clearly with
non-factive befores, where the processing of the main clause sets up a
number of possible consequences, one of which may be to prevent the

occurrence of the subordinate clause.

Some of the contradictions set up would be adequately dealt with by a
complex model of representation in which different depths of processing
of different parts of speech for syntactic, semantic and pragmatic
reasons. This could be combined with a weekly interactive model of
language processing such as that put forward by 'Altman and Steedman so
that syntax and semantics interact at a more surface level, and at the
resolution of which, the pragmatic factors begin to play a part, in the
form of the event described together with ideas of its possible

consequences.
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A number of questions are raised by the foregoing discussion, the main

ones being:

Partee's idea that the subordinate clause is processed first to form a
basis for main clause is contradicted by evidence showing that the
meaning of the main clause 1is available first, and that sentences in
main-subordinate order are faster to read. If my results confirm
previous evidence that meaning of the main clause is available first can

I provide an alternative to Partee's account?

The part of a sentence which serves as a basis for the continuation can
be claimed the most salient (Sandford, Moxley and Barton 1990) and it
could be argued that if the only purpose of the subordinate clause is to
provide the reference time for the main clause it will always be less
salient. One way of establishing what is the most salient entity in a
discourse model, is to find out how people would continue a discourse.

Do people, in fact, always continue from the main clause, thus

supporting Partee's argument?

The idea that before does not end up in linear order is a useful way
of dealing with the frequent non-factivity of before clauses but is
counter-intuitive in some cases where the before clause would appear
to provide the basis of the story line in the next sentence. Does the
relative number of continuations from before clauses compared to
after and when clauses provide any support for the idea that before

clauses fall outside the main story line?
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1.9 Processing Models

The work of Bever and Townsend (1979) follows much of the work in adult
psycholinguistics by examining the processes the listener conducts while
hearing a single sentence with minimal contextual cues. Bever and
Townsend assume that (1) The listener determines the location of major
surface structure breaks during listening: (2) The 1listener applies
perceptual mapping rules to assign the words of a clause to their
semantic roles; (3) as the 1listener determines a set of underlying
logical relations within a clause and an interpretation for the clause,
the exact word order of the clause fades. The process of deciding about
an underlying structure for a clause and removal of exact wording from
immediate memory has typically been assumed to occur at the <clause

boundary (Jarvella 1979).

Bever and Townsend suggest that the fact that the propositions in
complex sentences are related to one another in a variety of ways
may mean that clausal processing 1is modified if listeners are concerned
with obtaining these higher order semantic relations. Although the
nature of the semantic relation between clauses depends on the
individual meanings of the clauses being related, regularity does
exist, cued by different conjunctions. A partial 1list of poséible
relations includes: cause, + prior in time, simultaneous in time, -

prior in time, effect and adversive.

Bever amd Townsend speculate that a strategy exists that emphasises
early interpretation of underlying causes or potential causes. So a

clause marked by a conjunction that signals a causal connection to
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another clause 1is more deeply processed during listening and is more
basic to listener's post-sentence organisation. They rank conjunctions
according to clausal efficiency as follows  "because, if, for,

since, after, when, and, while, until, before, so,

although, but".

They claim support for the use of the causal-temporal dimension in
organisation and memory in the data from many of the following studies;

before and after sentences are easier to remember and act out when

they present events in the actual order of occurrence (Clark & Clark
1968, Smith & McMahon, 1970, Barrie-Blackley, 1973, Clark, 1971;
Johnson, 1975) and such sentences appear relatively early in the child's
speech (Clark 1970, Osgocd, 1971); the question "What happened first?"
following a before or after sentence 1is answered more quickly than
"What happened second?" (Smith & McMahon, 1970, Townsend & Ravelo,
1978), the relative difficulty of although with respect to because
and the preference for ordering events as "cause, effect" (Katz & Brent
1968). They say their study 1is unique 1in examining on-line
processing of clauses with a wide range of conjunctions. (In fact they

examine only five and do not say why they have selected those five).

Bever and Townsend's first experiment presented 16 affirmative
two-clause sentences to subjects which were interrupted either before
the last word of the first clause or the last word of the second clause.
4 sentences contained while and three contained if, since when
and though. At the interruption point, subjects read and
classified a verb-object phrase as being consistent or inconsistent

with the meaning of what they had just heard. The interrupted clause
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in either position was either main or subordinate (introduced by if,

since, when, while or though). For the experimental

sentence "There 1is little danger of a major depression though good jobs
are (now) quite scarce (now) in most large towns" the consistent phrase
was "finding employment" and the inconsistent phrase one judged by other

students to be totally unrelated.

Experiment 2 presented the same sentences but subjects were asked
whether the probe word (in the above sentence it is "now") had ocurred
in the fragment. The critical variable was whether it occurred early
or late in the phrase. They also presented results from 12 negative

sentences but I am not concerned with those results here.

Overall results from experiment 1 showed response times were shorter
when main clauses were interrupted; i.e. subjects had greater access to
the meaning of main clauses. Response times for subordinate clauses
varied with conjunctions. The way this is reported 1is slightly
unusual however, as the times we are given are "(Response time for
subordinate) minus (Response time for main)". If and though clauses
showed opposite effects. Initial if clauses were 136ms faster
than main clause and initial though clauses 340ms slower, with
since when and while fragments falling in between. On final
clause fragements response times were 295ms slower on if clauses than
on corresponding main clauses and response times for though clauses

was reduced to only 21ms slower than main clauses.

Experiment 2 looked at response time to a word which could be in two

positions in either the main or subordinate clause (in the above
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gentence it was "now"). Results are presented with effects of target
position in subordinate  clauses relative to effects in the
corresponding main clauses. They calculated the difference for the
subordinate clause (mean response time to word in late position minus
mean response time to word in early position) and subtracted from that
the main clause difference (mean response time to word in late position
minus mean response time to word in early position). This rather
complicated calculation produced results showing in initial-clause
‘position the relative primacy effects were strongest in though clauses
and became weaker as subordinate clause became more causal. In final
clause position, although they report a "roughly" opposite effect to
that of initial clause. I feel they do not produce strong
corroborative evidence for a difference depending on strength of the
causal link. This is because the two closest reading times in final
clause position are since, the only causal connective, and though

.the adversive one. Their results are reproduced below:

Initial Clause Final Clause
1f -159 +86
Since -106 -329
When -67 -125
While +717 -34
Though +399 -267

Table 6.7 from Bever and Townsend's Experiment 2
Effects of Clause Type on Word Recognition in
Sentences with Various Conjunctions
Bever and Townsend were looking for the answer to the question "Are

listeners sensitve to the differences in causal-temporal meanings

between the conjunctions used during immediate processing?", and their
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conclusion was that despite the generally faster on-line accessibility
to meaning in main than subordinate clauses the considerable variation
in size and even direction of subordinate-main differences with
different conjunctions supported an explanation in terms of the

different causal temporal meanings of those conjunctions.

Initial clauses that were more explicitly marked as stating a cause for
the event in the following clause (i.e. beginning with if or
since) were more directly interpreted and initial though clauses,
which explicitly stated that the event 1in the initial clause is not a
cause for the following event, were less directly interpreted. The
initial though clause may be held in superficial form so that it can
be interpreted in light of the meaning of the following main clause.
The relative effects of if and though clauses in final clause

position however, were reversed.

As an aside, it seems to me that though is almost negative in its
effect on a mental model. "Although you can smell hotdogs, we're having
beefburgers" is similar to "Its not hotdogs, its beefburgers”. It
seems likely that in a gist representation the mention of hotdogs would
not apﬁear. There is a similarity between these and a non-factive
before clause, for example, "She drank the poison before I could stop
her" in that it sets up a possible event or object which is to be
represented but ultimately it is not that object or event that happened,

but something else.

In experiment 2 Bever and Townsend had target words which could either

appear early or late in either clause. Target position effects were
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much smaller in initial main clauses than in other types of clauses,
suggesting that literal form of an initial main clause is more quickly
lost in immediate processing. Target position effects were also
influenced by conjunction - in initial clauses primacy effects in
subordinate clauses were weakest in if clauses but stronger through

since, when, while and though clauses.

Bever and Townsend conclude that listeners are sensitive to possible
semantic relations between clauses that are cued by conjunctions while
they hear a two-clause sentence and modify their comprehension
processes in terms of these semantic relations. However, I feel their
conclusions are weakened in various ways, not least by the absence of
because as one of their connectives. Also, as previously stated, the
results for 2nd position sentences reproduced in Table 6.7 do not mirror
the results from initial clause which would be necessary for their
argument to be upheld. Their work supports the argument that cause is
one relevant relationship but it is not enough to support their very

specific proposition.

1.10 Processing Models (part 2 - Townsend)

Townsend (1983) builds on the work of Bever and Townsend (1979) to
suggest that language processing consists of two partially separated
processes.

{1) propositional processing which obtains the 1literal meaning of
clauses by applying lexical and syntactic knowledge to the words in the
clause. Propositional processing retains hypotheses about syntactic

structure and literal meaning until the proposition has been integrated
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with the preceding text.

(2) thematic  processing "detefmines the relation of incoming
propositions to previously processed ones by applying the meanings of
connectives, by applying patterns that had been established earlier in
the text and in similar texts etc. Thematic processing integrates just
apprehended propositions into a thematic representation of the text for
example, in the case of narratives it determines the causal/temporal
relations of incoming propositions to previously processed
propositions.” The product of this processing, the "thematic
representation” could be compared to a discourse model containing the
text already processed and providing a context for incoming discourse.
When processing text, problems arise with flashbacks or when there is a
denial that some expected event occurred (e.g. although denies an
expected cause-effect relation). Since thematic processing cannot
determine the thematic relevance of the although clause on the basis
of the propositional evidence contained in it, superficial information
is retained until further information is obtained that allows it to be

thematically integrated.

Experiment 1 in Townsend (1983) presented seven test sentences, four

of which contained while and three of which contained since.
Subjects heard only a fragment of a sentence, ending before either the
last word of the initial subordinate clause or an entire sentence that
completed the fragment. There were two types of data: (1) After
hearing a fragment or sentence, the subject determined whether a
visually presented verb-object phrase was consistent in meaning with

what she had heard. The verb-object phrase paraphrased the verb-object
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phrase of the initial clause of the fragment or sentence, Townsend
reasoned that if the on-line representation of an initial noncausal
(while) clause is not fully semantic, response times for synonomy
judgement will be faster after the whole sentence has been heard than
they are while hearing the clause; if the on-line representation of an
initial causal (since) clause 1is fully semantic, there will be no
difference in response times near the end of the clause and after the
whole sentence has been heard. (2) Subjects determined whether a probe
word had occurred in the fragment. Townsend assumed that the more
subjects retained a superficial representation of the clausal fragment
including word-order information, the faster response times will be to
targets that had occurred earlier in the fragment. If the on-line
representation of an initial while clause is more likely to contain
syntactic information, word recognition times should be faster for

targets occurring earlier in the fragment.

Subjects in the sentence fragment tasks heard all but the last word of
the clause, those in the sentence task heard all the sentence. At the
end of the fragment., a tone was presented, then, one-third of a second
later, subjects either heard a word about which they had to decide
whether it was in the fragment or saw a slide containing a 2-4 word
predicate phrase which they had to classify as being either consistent
or inconsistent with the meaning of any part of the fragment or sentence

they had heard.

Subjects were able to recognise whether a phrase was consistent with one
in the target for an initial while clause 220ms faster after the whole

sentence  was heard than they were during listening to the while
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clause, but for a since <clause the difference was 28ms. This
indicated to Townsend that the on-line representation of an initial
while clause is not fully semantic. This is supported by the word
recognition task, where recognition times were slower for late targets
than for early ‘targets in initial while clauses, suggesting
representation of the fragment one word at a time whereas the opposite
was found in since clauses suggesting a more semantic representation

had been constructed.

Townsend suggests the text processor retains the superficial form of the
initial while clause and hypotheses about 1its meaning until the
unexpected effect stated in the final clause allows it to determine what
effect the speaker had expected to occur based on the event in the
while clause. The thematic meaning of an initial since clause,
on the other hand, does not depend on information in the final clause,

so there is no need for easy access to its superficial representation.

This experiment allowed Townsend to conclude that "in the processing of
an isolated sentence, the presentation of the events of a sentence out
of cause-effect (or first event-second event) order disrupts the
comprehension of the sentence: it produces relative in-accessibility
on-line to the meaning of the disruptive clause and the retention of a
relatively superficial representation of it." Whilst this finding might
accord with our intuitions, it seems a rather impressive conclusion
from a study which only compared two conjunctions - since and while.
He wused since as the causal connective, though it has both a temporal
and a causal meaning and while as a non-causal one though it is not

semantically simple either. Using 7 sentences is very minimal material
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and leaves open the possibility that the particular sentences used
may have been atypical in some respect, a suspicion not allayed by the
fact the results were only marginally significant (P<0.l) for both parts

of the experiment.

Experiment 2 presented subjects with 8 two-clause sentences, four

containing initial clauses introduced by since and four containing
initial clauses introduced by though. The final main clauses were
either active or passive non-reversible clauses. Wright (1972) showed
that under normal processing conditions questions about active final
main clauses will be answered more quickly than passive main clauses.
Townsend argued that this would only be the case if thematic meaning of
an 1initial clause has no effect on within-clause processing but if a
thematically incomplete clause affects processing of the next clause

this effect of syntactic form would not be obtained in the next clause.

Results were that response times were faster for active than for passive
final main clauses preceded by a since clause but not for those
preceded by a though clause. Townsend argued these results show that
propositional processing of a final clause preceded by an adversive
clause occurs (e.g. though) quickly in order to obtain information

that can be used to thematically integrate the adversive clause.

Again, only a small number of sentences was used, and differences in
reading time were small as can be seen from Table 2 below. Townsend -
fails to explain why the ‘"relatively rapid"Ap;opositional processing

which he assumes occurs after an initial though clause actually slows

down answering a question about an active final main clause.

-55-



Context Active Final Main Passive Final Main

Since 1417 1561
Though 1615 1427

Table 2 (Table 6 from Townsend. Mean response times (Msec)
to questions about active versus passive clauses depending
on the context clause)

Experiment 3 was based on a word-naming task (Tyler and Marslen-Wilsen

1977) in which subjects heard an ambiguous phrase of the form verb+ing
noun which could either be a progressive adjectival (..dying flowers..)
or a gerund (..watering flowers..). In Tyler and Marslen-Wilson the
context clause was consistent with the adjectival (Although dead ones
are ugly, growing flowers..) or the gerund (Although 1looking after
plants is easy, growing flowers..) After the critical phrase in Tyler
and Marlsen-Wilson's experiment, a slide containing is or are
appeared and the subject was timed reading the word on the slide.
Reading times were faster for continuations that were appropriate for
the meaning of the context clause, which was interepreted to show that

people use contextual semantic information to make on-line decision

about the structure of an ambiguous phrase.

Townsend suggests that instead listeners may have been using the
superficial cues (e.g. 1is versus are) which were present in 92% of
their material and says that experiment 1 has already shown that such
superficial cues are more available for adversive clauses (like (while
and although) than for causal clauses (like since and if) (though

experiment 1 only used since and while).
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In Experiment 3 there were three trial types:

- initial subordinate ciauses ending with unambiguous clauses e.g.
If riding subways...

- initial subordinate <clause, followed by main clause ending with

unambiqguous clause e.g. If the boxer wants to avoid injury, dodging

punches...

~ initial subordinate clause, followed by main clause ending with

ambiguous clause e.g. If the pit crew works efficiently, racing cars...

Subjects heard the target sentence, then were required to say as quickly
as possible afterwards whether a word presented on a slide was an
appropriate or inappropriate continuation. For ambiguous fragments
target words were either is or are, for unambiguous ones some were

either is or are but predominantly they were some other verb.

Results are presented as a function of the connective introducing the

initial clause (if or though) and whether the number information on

the target was expected based on local structural information. For

ambiguous fragments response times for

semantic expectations (whether the number attached to the target matched

the semantic bias of the context)

verb number expectations (whether the number attached to the target

matched the number attached to the verb in the context)

lexical expectations (whether the target was identical to a word
appearing in the context)

For example, context clauses containing is/are would be as follows:
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Singular Semantic Bias

a) singular verb number bias: 1f the pilot is required to attend
flight school, landing planes...

b) plural verb number bias: If the pilots are required to attend
flight school, landing planes...

Plural Semantic Bias

a) singular verb number bias: If the airline's ground crew is on
the runway, landing planes...

b) plural verb number bias: If ground crews are very often on the
runway, landing planes...

The results suggest that context effects on the syntactic processing of
a final main c¢lause occur only when the context has not been
thematically integrated and hence when lexical and syntactic information
from the context are easily accessible. An initial if clause is a
complete processing unit in that its propositional meaning is stored in
a thematically integrated form at the clause boundary and does not
affect the processing of the next clause. An initial though clause,
however, 1is an incomplete processing unit. At a though clause
boundary the processor retains a mixture of superficial and
propositional information, awaiting full thematic closure; of these
representations, specific lexical items, like is/are exert the
strongest effect on structural hypotheses in the next clause. The
results indicate that a critical factor in the phenomenon of

"propositional closure” is thematic integration of the proposition.

In this experiment Townsend used if and though to demonstrate that
on-line accessibility to syntactic hypotheses in a clause depends on an
interaction of the causal meaning of the introductory connective and the

position of the clause in the sentence.

Experiment 4 wused six connectives, because, after, when, and,

before, and although. Two stories were presented to subjects on
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slides and just after a two clause sentence in a =lory the subject would
be asked whether a 2-4 word verb-object phrase was similar in meaning to
any part of the sentence most recently read. In each story six test
sentences were used in different forms so that (a) the final clause was

introduced by because, after, when, and, before, and

although, (b) the initial clause was modified in order to make the
resulting sentence meaningful as a whole, and (c) the final clauses were
identical except for the connectives introducing them. Subjects thus

saw two sentences with each connective (one in each story).

Results showed that the response time the to propositional meaning of
the final clause after reading the sentence was very similar for

because, after, when, and and, increased slightly for before,

and increased more for although. i.e. slowest for clauses which
explicitly signal a non-causal event. Towngsend argues this provides
support for his model because if the reader organised the
propositions of a  just-comprehended complex sentence in a causal or
temporal pattern, accessibility to propositional meaning would be faster

for causal clauses than for noncausal clauses.

Experiment 5 used because, since, after, when, while, or

before, 1in a replication of Clark and Clark (1968) which required
subjects to recall test material verbatim. Where verbatim recall is
tested I would question whether a "model" 1is constructed (or 1in
Townsend's terminology, whether thematic processing is being used).
Johnson-Laird and Stevenson (1970) showed that spbject's performance was
different (i.e. verbatim recall was better), Qhen they knew a memory

task was involved, and I would suggest that stressing verbatim recall
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either discourages the formation of a model or encourages retention of a

propositional representation as well.

Main-subordinate order and subordinate main order interacted with
connective, and Townsend presents experiment 5 results in terms of the
relative superiority of initial main recall over initial subordinate
recall for each connective. Using this method of scoring, results did
indicate some effect of cause-effect and first event-second event

organisation.

He reports "three connectives which are explicit in signalling a

non-causal relationship (while, before} or inexplicit in signalling

a causal and temporal relationship (when) were much easier to recall
with initial main clause. At the other extreme, the connectives which

explicitly signal a causal or prior relationship (because, after)

show a slight  superiority in recall with initial subordinate clauses.
The co-incidence between his model and the results of this experiment is
exaggerated by his not mentioning the results for sgince which
previously he has used as a causal connective, but the results for which

are hal fway between those for {(when/while/before) and

(because/after).

Experiment 6 presented six stories containing 10-20 sentences where

event in sentence n logically occurred prior to the event in sentence
n+l but no temporal connectives were used. They were
presented in (a) normal order (a, b, ¢, d, e, f), (b) with sentence

pairs in reversed order (b, a, 4, c, f, e). (c) with sentences

presented backward, (f, e, d, ¢, b, a). Subjects were asked to recall
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the whole story from memory.

Propositional recall was highest for sentences in a story presented in

normal order, next when sentence-pairs were reversed and 1lowest for

backward versions.

Experiment 7 presented two-sentence texts, where the second sentence

was introduced by therefore, afterward, no connective, meanwhile,

previously, or however, and asked the subjects to construct a
continuation sentence. Subjects saw three  sentences with each
introductory word. Subjects were asked to read each sentence and
construct a sentence that would be a reasonable continuation of the
story. When the subject had constructed a continuation sentence, she
pressed the button on the computer keyboard. This recorded the time
spent viewing the sentence and displayed the next sentence. However
when the text ended the instruction "Write a continuation sentence"

appeared on the screen instead of another sentence of the text.

Continuation time varied for second sentences that were introduced in
different ways, being faster the more causal the connective. Townsend
concludedintegrating the propositions of successive sentences becomes
easier as the connective in the second sentence signals more explicitly

that the propositions appear in the expected causal/temporal pattern.

Experiment 8 is interesting because it manipulates 1linguistic context.

Subjects read a context sentence that paraphrased either clearly or
vaguely the main or subordinate clause of a target sentence containing

because, while or although. After reading the target their task
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was to press a button when they had constructed a sentence that
appropriately continued the text. There were eight forms in which a
connective could appear. Subject saw one sentence with each connective
in each form. Forms were main-subordinate/ subordinate-main, given
information first/new information first, direct  versus indirect

paraphrase in context.

Previous experiments suggest that thematic integration will be easier
for although sentences when the ‘"unexpected effect” (i.e. main clause)
appears earlier in the sentence. EXxperiment 8 shows that response time
is faster even if this unexpected event occurs in the previous sentence,
indicating similar processes at work for both inter- and intra- sentence

processing.

Whether context provides the cause or effect, although sentences are
read faster in main-subordinate order and because sentences in
sub-main order. This provides support for the idea that we need to

hear causes before effects.

While is peculiar because if a while sentence is in subordinate-main
order "While Harry took the arsenic, he didn't die.” the meaning is more
likely to be adversive, than in main-subordinate order "Harry didn't die
while he took the arsenic." This experiment confirmed that while
behaves like although when the context provides the cause (subordinate
clause) but it behaves like because when the context provides the
effect. Where the context provides the cause it is faster in
main-subordinate order, where the context provides the effect it is

faster in subordinate-main order.
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Although  Townsend's results are very interesting, 1 have some
methodological reservations for example, in experiment 7, - asking
people to compose a continuation gives a response time for "reading +
composing" so processes other than reading and understanding are timed.
"The other main preoblem which I have already mentioned is a somewhat
undisciplined choice of connectives for the different experiments, and

the small number of examples of each connective in each experiment.

Although Townsend's work supports his theory, 1its strength is
diminished by the fact that he uses different connectives in
different experiments. While I presume this is intended to show the
applicability of his theory over all temporal and causal complex
sentences, in fact it weakens his claim. If we take the most obvious
example, in Experiments 2 and 3 since is used as a causal connective
(he does not mention that it is ambiguous in having a possible temporal
meaning) whereas in experiment 5 the results for since are halfway
between those connectives explicitly signalling a causal relation

because/after and those signalling a non-causal relation

when/while/before. In neither of the experiments using only two

connectives to contrast a purely causal connective with either a
non-causal one or one signalling an unexpected effect, does he use
because. This is a peculiar omission in view of the unique position
of because as being unambiguously causal and one which he does not

explain.

Because of the different meanings that connectives can have perhaps

larger numbers of sentences containing each connective could have been
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given to subjects and copies of the materials used presented in his
report. The wide variety of experimental methods used, in addition
to the different connectives, again makes comparison across experiments

impossible.

The work of Bever and Townsend (1978) quoted in the previous section and
of Townsend (1983} quoted here has led me to wonder how the_"causal
processing strategy" affects my concern with temporal connectives. As
mentioned earlier (Section 1.4) a causal relation depends on certain
temporal relation (cause before effect) and often a sentence on the
surface conveying a temporal relationship in fact conveys a causal one
as well (for example "She felt sick after she ate the pork pie" implies

strongly that the pork pie is responsible for her nausea).

A "cause and first-event strategy” such as that suggested here would
mean that before sentences in main-subordinate order and after
sentences in subordinate-main order would facilitate language processing
more than their reverse and this is difficult to reconcile with Partee's
idea that subordinate clause 1is always processed first. Do reading
time experiments using different connectives and clausal orders provide

clear evidence either in favour or against such a strategy?

The work of Bever and Townsend also raises questions about differences
between sentences with causal or temporal subordinate clauses and this
thesis intends to see whether there are such clear differences,
bearing in mind the caveat expressed above about the difficulty of

distinguishing between the two.
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1.11 Focus

That which is readily available and accessible in a mental
repregsentation may be said to be in focus. "Focus" is a term coined by
Grosz (1977) to help us wunderstand how we derive a referent for an
anaphoric mention. It provides a retrieval domain which incorporates
the information most pertinent to our understanding at any one time.
It is now used not only in computational linguistics the field in which
Grosz was working but also in the psychology of discourse (e.g. Sanford

and Garrod 1981).

Sanford and Garrod use the idea of focus in combination with that of a
scenario - scenarios shift in and out of attentional focus given the
appropriate language input. A scenario is "an information network
called from long-term memory by a particular linguistic input” and may
vary in complexity. They also argue that focus consists of the
representation of things mentioned in the discourse - these they call

tokens.

The nature of scenarios and tokens must be an important question for any
theory of discourse representation to tackle, because it concerns the
nature of the information that is called from general knowledge by the
linguistic input, to form the discourse representation. I would suggest
that the problem bears a resemblance to that generated in the 1970s as
to the form of semantic information that is stored with a word -
semantic component theories ran aground because they could not staté
which properties of an object were essential and which peripheral - the

discussion 1led to the work by Rosch (1967) on prototypes. Rosch showed
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that a word conjured up a prototypical member of the species denoted by
that word, e.g. bird would be more likely to bring to mind a robin

than a penguin. Her work has never been developed and linked into other
cognitive work, and this may have been because of the essential
vagueness of the concepts she was working with at a time when the
development of artificial intelligence and computational linguistics

meant that being able to specify exactness was a prime virtue.

It now seems that it may be possible to describe the "token" of Sanford
and Garrod as a prototype, whose properties can be specified more
exactly if necessary by adding extra information. 1In the same way a
"scenario” is a prototype situation which can be altered in the
representation by the addition of more 1linguistic information. It may
be possible to combine the idea of a scenario with Moens and Steedman's
(1986) idea of the representation of an event nucleus having a

{preparatory) process, an event, and a consequence.

"When she went to the bakers"” conjures up a scenario, it also forms the
nucleus of the event. The scenario that is conjured up also has
consequences associated with it. Some cbnsequences are more likely than
others - "she bought a loaf of bread" is more likely than "she took back
her library books". If the scenario evokes the consequences then one
would expect the first alternative to be read more quickly than the

second.

Janice Keenan (1978) investigated this. She measured the reading
time of a target sentence after four different first sentences, which

differed in their 1likelihood of their consequence being the target
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sentence. I give the material below:
Joey's big brother punched him again and again.
The next day his body was covered in bruises.

Racing down the hill Joey fell off his bike.
The next day his body was covered in bruises.

Joey's crazy mother became furiously angry with him.
The next day his body was covered in bruises.

Joey went to a neighbour's house to play.
The next day his body was covered in bruises.

She found that reading time decreased monotonically with the assesed
level of their relatedness to the antecedent. This indicates that
consequences are in some way part of the scenario/nucleus event. At
the end of a scenario the focus may change and this may be indicated by

a time change.

Anderson, Garroed & Sanford (1983) carried out a reading experiment to

investigate the way in which time changes alter the availability of both

principal actors and scenario-dependent characters for subsequent

anaphoric reference. They needed to estimate normal lengths of times of
various events, such as having a hair-cut, watching a film, then

provided a story, for example

The birthday party

The children were all enjoying the party

There wasa .entertainer to amuse them.
No expense was spared to make the party a success.

One )
) hour(s) later energies flagged. TIME CHANGE
Five )
Scenario-dependent Organising the games had exhausted him.
Topic Playing the games had exhausted them.

Subjects were presented with passages such as the above with one of
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the two time interval (e.g. One hour later..) and one of the two
possible final sentences. Reading times were measured for the final
sentences, which were both read more quickly with the shorter time
interval - one that was consistent with the length of the episode.
However there was also a difference between the scenario dependent
character and the topic character. Topic characters were read more
quickly within range and this difference increased when a longer time
interval was used. The scenario dependent character has gone out of

focus.

Grosz was concerned with ways of ascertaining that focus shift has
occurred. It seems from Sanford, Garrod and Anderson's work quoted above
that time (and intuitively place as well) may be two of the factors that

contribute to this focus shift.

Morrow (1985) agrees with this view and tests it in his experiments on
story understanding but uses the terms from Hopper (1979) of Foreground
and Background rather than describing text as in or out of focus.
Foréground consists of a sequence of completed events that defines the
plot and narrative time line whereas Background introduces, comments on
or concludes the plot. Morrow suggests that the temporal relations
among events (indicated by tense/aspect markers and conjunctions) help
indicate which parts of the model are most prominent or active in

working memory.

Morrow pays particular attention to the role of after because, he
says, it introduces a sharper foreground/background distinction. Both

after and while mark a subordinate event as a landmark for locating
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a role in assigning events to their place in the discourse model so here
we have another 1link between linguistic theory and psycholinguistic

research.

The points raised in this section raise questions which need to be
tested experimentally. The suggestion that after clauses
indicate a shift to a new focus may be supported by evidence from
continuation experiments. If there are fewer continuations from
subordinate clauses begun by after than by other connectives it may
indicate that they are less salient because the event they describe is

out of focus. Can I show this evidence from continuation studies?
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CHAPTER II - MEMORY FOR TEMPORAL INFORMATION

GENERAL INTRODUCTION

Previous experiments for memory of explicitly temporal information were
not easy to find and, in their absence, experiments 1in this chapter

focus around three main areas.

1. How is non-factive information remembered?

2. When 2 events occur at the same time does the representation
distinguish clearly between the one (usually described first) for

which the reference time is provided and the co-occurring event.

3. 1Is there a similarity between the way we represent temporal order
and the way we represent a spatial array? More work has been done
on memory for spatial information, (e.g. Barclay 1973, Bransford,
Barclay and Franks 1972, Ehrlich and Johnson-Laird 1982 and Mani and

Johnson-Laird 1982)

I wanted to shed more light on the process of representation of a
complete text in the form of a short story. Experiments 1 and 2 (1 on
children, 2 on adults) tested the findings of both Bartlett and Sturt
about memory for temporal items, especially temporal order in a story,
in the light of the points made by Trosberg (1981) that logical ordering
of events was easier for children than arbitrary ordering. Often events

have a "prototypical order".

-71-



Trosberg presented children with sentences containing before and
after and asked them to tell the experimenter which event took place
first. When children had difficulty with before and after
they would use knowledge of the world to say which event usually
happened first. The same strategy would allow adult subjects to make
informed guesses about order of events and should mean events forming

part of the structure of a story are remembered in order.

The importance of sentence order in text understanding was also examined
by Townsend (1983) when subjects were asked to remember stories (a) with
sentences in correct order, (b) with consecutive sentence pairs reversed
and (c) with all sentences in the story in reversed order. Townsend's
subjects remembered (a) better than (b) better than (c). This confirms
the ease with which continuous sentences were understood over
discontinuous sentences in Ehrlich and Johnson-Laird (1982).
These suggest that where event order is the same as sentence order

comprehension is easier.

Mani and Johnson Laird (1982) showed that determinate descriptions of
objects were remembered better than indeterminate descriptions, and one
possible temporal equivalent of this is the occurrence of events in
"non-factive" before clauses, i.e. where the event is prevented by the
pragmatic and semantic consequences of the main clause event.

Experiments 1 and 2 try to probe this further.

Once the mental model has been built the linguistic form in which the
text 1is presented 1is forgotten quickly. I am assuming that events

that are temporally close to each other are close together in the model
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and both experiment 1 and 2 have parts designed to look at this aspect.
Experiment 3 looks at whether different instructions to subjects will
influence sentence recognition. When 2 events occurring at the same
time are presented in different sentences are they confused so the event

in the second sentence is wrongly remembered as occurring in the first?

Attempts were made to answer questions raised in Section 1.6 of the
introduction. Can I confirm Sturt's findings that temporal and
locative information are remembered to a simiiar extent? Experiments 4
and 5 compare spatial and temporal representation. Do the many
similarities in our language for spatial and our language for temporal
information reflect similarities in our representations of the two
dimensions? One way to check this out was to try to ensure (by giving
appropriate instructions) that a mental model is constructed, and to see
whether details of spatial and details of temporal information are
recalled in a similar manner, i.e. if mistakes fall into a regular
pattern (such as the "temporal confusions" in experiment 3) which reveal

the nature of the representation.

EXPERIMENT 1

INTRODUCTION

This study on 12-year olds was a preliminary investigation of the
importance of wvarious factors involved in memory for temporal

information.

The experiment was to test four hypotheses:
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Events in a story occur in a definite temporal order. Order of
events would be remembered better when they form a 1logical
rather than an arbitrary order. "Logical" referred to items in
an expected or usual order whereas "arbitary" items had no

preferred order.

Events and temporal items (times, days, etc) can fall inside or
outside the main story line. Memory would be better for

those events and temporal items that form part of the main story.

An event in a non-factive before clause does not happen.
However, because it is mentioned in text it should form part of
any model. If it appears in some form in the model there may
be some doubt expressed about  whether it occurred. So
subjects would sometimes mistakenly claim the event in
the non-factive clause occurred especially if nothing else

happens to the event in the non-factive clause.

When two events occur at the same time but are described in two

different, consecutive sentences, the discourse model, which
is an integrated version of the story, will not record their
linguistic form i.e. in two sentences. Subjects should identify
one sentences which combines the time given in the first sentence
and the event in the second sentence which happens at that

time.
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METHOD

Subjects

Subjects for this experiment were twenty-six pupils from a Hartlepool
Comprehensive School, aged 12-13 years. There were approximately equal

numbers of males and females.
Materials

Materials were prepared by first composing four stories of approx 600

words in 1length. An example is given below:

STORY 1

The two kids were happy. It was Saturday. On Wednesday Uncle Eric
had given them 50p each. On the same day they'd earned a pound from
Auntie Joan. Now they had their pocket money as well and were going to
the shops to buy a new football. Joy of joys, the sun was shining.
They brushed their teeth and washed their faces with the scantest of
attention - the regulation three shredded wheat were wolfed down with
no regard for their digestive systems and they were off to the town,
running down the pavements.

Gary kicked an empty pepsi can in an absent-minded sort of way - Peter
intercepted it before it flew into someone's garden and immediately
they were taking part in the FA Cup Final - they weaved in and out of
the other pedestrians who'd been lured into the open by the sunlight
and ignored the occasional worried toot from a driver imaging a
squashed boy under the wheels. The pace was hot and frantic until the
inevitable happened and a too-enthusiastic kick from Peter sent the can
flying high into the road.

A still moment, until they remembered the nature of their errand and
headed for the shops again. They tried Woolworths first - it had a
good toy section. Walking past the school equipment Gary saw a rubber
shaped like a hedgehog. He paused for a moment, reached out to touch
it - was it really all rubber? "He felt a heavy hand on his collar
"Come on you - out of here - no messing around - and your mate too".
Gary instinctively tried to shrug off the offending hand. It gripped
tighter, hurting him as the fingers dug in, he wriggled more, trying to
lessen the pain. "Quit that or I'll get the cops” the gravelly voice
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spoke again.

Gary gave in and was still. The fingers still hurt. His face was
red, he was gasping for breath, trying not to cry from the pain and the
shame as other shoppers began to look round interestedly watching the
scene. He kicked the guard in the shin. "Bloody hell" the man said.
His grip loosened for a moment as he almost gave in to the impulse to
rub his leg.

Peter had been frozen in shock for a moment. He had been ahead of
Gary and turned round when the man spoke. He couldn't believe what he
saw. His big brother held prisoner by a uniformed stranger. He flew
at the man, just as his grip on Gary's shoulder was loosened and
knocked him off balance.

The guard tried to get the same grip on Peter as he had on Gary, at
the same time holding them as far away as possible from his body to
avoid the punishing kicks which they were both now inflicting on him,
One of the spectators laughed. No-one else moved.

The guard tried to change his grip or the lads to pinion their arms to
their side. He yelled "5id" and then he yelled "ouch" immediately
after - he had inadvertently let his wrist stray within biting distance
of Peter's mouth and Peter had taken full advantage of the opportunity.

As he dug his teeth in deeper, all the guard's faculties became
focused on removing his arm from danger. He let go of Gary and used
his free had to push Peter away, releasing his grip on him at the same
time.

The boys took a frantic look around them, saw the guard let go of his
wrist ready to reach for them again, saw another burly uniform
approaching from the back of the shop and fled in the opposite
direction, pushing through the knot of bystanders who had gathered.

They were out of the shop and along the High Street as if pursued by
devils - outside Littlewoods Peter looked back and saw no pursuers, but
it was only when they got to Boots they both slowed their pace and of
one accord, went down the alley beside the petshop.

A door was open into an empty back yard. Gary pulled Peter in after
him and they sat down, gasping for breath. As his breathing slowed
down, Gary thought of their happiness as they came into town and how
quickly things had gone wrong. Peter burst into tears suddenly and
Gary put his arm round him.

Story 1 - Questions

1. Can you remember what was happening when one of the spectators
laughed?
2. Put these events in order:
the guards grip loosened
the car tooted
they ran past Littlewoods
they brushed their teeth
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Peter burst into tears
they got out of bed
Peter flew at guard
3. What shops did they run past?
4, At what point did the guard swear?
5. What did Gary touch that started all the trouble?
6. (a) Was it morning or afternoon?
(b) How do you know?
7. What made Peter turn round and see the guard holding Gary?
8. What was the name of the second security guard?
9. What did they have for breakfast?
10. (a) What day was it?
(b) How do you know?
11. Where did the pepsi can end up?
12. Was this sentence in the story?
"Last Wednesday they earned a pound from Auntie Joan."

For each story 12 questions were composed some of which were fillers

and others which were intended to throw 1light on the following

temporally related phenomena:

1. Was there a difference between subject's memory for order of
events when these formed a 1logical order and when they were in
arbitrary order? Logical order was the order in which they
occurred in the text and the order in which it was assumed these
events must occur if the story is to remain as it is. Events in
arbitary order could occur in any order without affecting the
story. Examples from Story 1 are questions 2 and 3 (above).
Subjects were scored either correct or incorrect on the whole
order.

Logical order:

Put these events in order:
the guards grip loosened,
the car tooted,
they ran past Littlewoods,
they brushed their teeth,
Peter burst into tears,

they got out of bed,
Peter flew at guard.
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Arbitrary order: In what order did they run past the shops?

Was there a difference between subject's memory for order of events
and temporal items in and out of the main story 1line?
Questions about temporal order or sequence of events (e.g. what was
happening at the same time as....? were originally scored
separately from questions about temporal items, (for example "How
long ago had Sue agreed to help?")but because there were few items
in both categories and because both were differentiated with
respect to whether they were in or out of main story line it was
decided to combine the two types of temporal information. Subjects
were scored either correct or incorrect. Examples of all four
types are:

An event in the main story line:

What made Peter turn round and see the guard holding Gary?

An event out of the main story line:

Can you remember what was happening when one of the spectators

laughed?

A temporal item in the main story line: (from Story 3)
What time did the first guest arrive?

A temporal item out of the main story line (from Story 2)

How long had the house been on the market?

Sentences with non-factive before clauses were present in each
story: 1in two stories these were continued with positive
alternative endings to the event in the "before" clause. In two
there was no re-iteration of the non-factivity. The two conditions
were compared. The sentences and quetions were as under:

Story 1

Peter intercepted it ([the pepsi-can] before it flew into someone's
garden.

(Positive alternative ending - the pepsi-can later meets its end
under the wheels of a car)
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Question - "Where did the pepsi-can end up?”

Story 2
Margo dived for him [Freddie] before he did his circus trick.
(Positive alternative ending) - Freddie is put in his basket.

Question - "Did Freddie have the chance to leap on Margo's
shoulders?”

Story 3

Before Mary's dad could make any rude comments the doorbell rang
again.

(No positive alternative ending given)
Question - What did her father say about Samantha's outfit?"

Story 4

Before Kevin could start washing up Mary bundled him out of the
house.

(No positive alternative ending given)

Question - "Did Kevin wash up before they left-the house?"

Was one sentence containing an anchor time and an event confused
with another sentence containing a second event happening at the
same time but described in another sentence?

Story 1

"On Wednesday Uncle Eric had given them 50p each. On the same day
they'd earned a pound from Auntie Joan."

Questioned as to whether "On Wednesday they'd earned a pound from
Auntie Joan." appeared in the story.

Story 2

"At 7.30 Jan packed the 1last of the bedding. At the same time
Margo made some breakfast."”

Questioned as to whether "At 7.30 Margo made some breakfast”
appeared in the story.

Story 3

"Once she was in bed her mother began baking fairy cakes. At the
same time her father began wrapping presents for "pass the parcel”.
Questioned as to whether "Once she was in bed her father began
wrapping presents for "pass the parcel" appeared in the story.

Story 4
"Immediately the doorbell rang, Sam the dog began to bark
furiously. At the same time Jenny appeared at the door."
Questioned as to whether "Immediately the doorbell rang, Jenny
appeared at the door." appeared in the story.

Because these stories were intended to be as natural as possible it

was 1impossible to select questions in the categories logical/arbitary

order and inside/outside main story line from each story. In logical
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arbitary order there were 6 questions made up of 2 from stories 1 and
2 and one from stories 3 and 4. In inside/outside main story line
there were 14 questions, 2 from story 1, 3 from story 2, 4 from story
3, 5 from story 4. In the other 2 categories of question there was

one question from each story.

The complete set of stories and questions is given in Appendix 1(a).

Design and Procedure

The experiment took the place of an English lesson. Subjects sat in
their classroom and were handed a piece of paper containing the story
they were to read. As there were 26 subjects and 4 stories, stories 1
and 4 were read by 6 subjects each and stories 2 and 3 by 7 subjects

each.

Subjects were told "You will be given a ;tory which you should read
carefully, when you have done this they will be collected and you will
be given some  gquestions to answer." When subjects had finished
reading the story, it was removed and they were given the set of

guestions pertaining to the story they had read.

The whole procedure including handing out stories and questions, and

collecting completed questionnaries took about 20-25 minutes.

The answers provided were examined for the above temporally related
phenomena. The number of correct answers was out of 6 for two stories

and out of 7 for the other two, so answers are given as "percentage
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correct" to compensate for this inequality.

RESULTS

Fl1 analysis was not possible because subjects saw only one story and
not all categories of question appeared in each 3tory. Results are
given below for the four factors:

1. Logical v arbitrary temporal order

2. Temporal Order and items inside/outside main story line

3. Non-factive before clauses

4, "Temporal confusions”

No of correct answers for all the above factors are shown in Appendix

1(b) and details of analyses in Appendix 1l(c}).

1. Temporal Order (Logical v Arbitrary)

Logical Order Arbitrary Order
g correct 2 correct
62 40

Table 1.1: Mean percentage correct from questions
relating to logical/arbitary temporal order

Subjects were asked the correct order of a sequence of events and
were scored "correct" if they were able to recall the correct
sequence. Percentages of correct answers are shown in Table 1.1.
A Mann-Whitney test showed no significant difference between
subjects memory for events in stories which formed logical or

arbitrary order.
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2.

Events and Temporal Items (Inside v Outside Main Story Line)

Main Story Line Out of Story Line
3 correct % correct
Order of Events 52 10
Temporal Items 84 58
Total 68 v 34

Table 1.2: Mean percentage correct from questions
relating to temporal order in/out of story line

As explained above (in "Method") order of events and temporal
items were combined to give an overall measure of how much
temporal information 1is recalled from the inside the main story
line as opposed to outside the main story line. From Table 1.2 it
can be seen there was a significant difference between memory for

items in an out of main story line (F2=12.49, df=1,6, P<0.05).

Non-Factive Before clauses

Positive alternative No Positive alternative Overall
2 correct $ correct % correct
77 55 66

Table 1.3: Percentage correct from questions relating to
non-factive before clauses with/without positive
alternatives '

For this item, subjects were asked whether the event in the before
clause occurred were required to respond that it had not, or what
had happened instead. Table 1.3 shows that the difference between
the answers from the two types of non-factive before clauses

{those with a positive alternative ending and those without).

Using a Mann-Whitney test the difference was significant (P<0.05).
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4.

"Temporal Confusions"

Story %2 correct
1 50
2 43
3 14
4 33
35

Table 1.4 : No of subjects correctly rejecting
"temporal confusions"

From Table 1.4 it can be seen that over the four stories 65%
incorrectly accepted false "integrated" sentence where one
sentence containing an anchor time and an event was confused with
another sentence containing a second event happening at the same

time.

DISCUSSION

The difference between memory for order of events in logical and
arbitrary order was 1in the predicted direction although it did not
reach significance. There 1is evidence that order of events and
temporal items in main story 1line are remembered better than those
not in. main story line. Overall 66% subjects were correct in
remembering that an event in a non-factive clause didn't happen but
this varied depending on whether the story provided an alternative
ending to the non-factive event. 65% of people accepted the "temporal
confusion” sentence made up of time and a different event to that

presented in the story.

Because the number of subjects was small and each subject only saw one
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story, I can only draw tentative conclusions from this experiment and
these conclusions will be subject to further examination in the next

experiment.

These results suggest the following; First, that the main story line
forms an important basis for the discourse model, with items within it
remembered more clearly than those on the boundaries, and the events
within it which form a clear, logical order tend to be remembered

better than arbitarily ordered events.

Second non-factive clauses are not definitely excluded from the
representation of the text. An alternative ending seems to provide
a further indication that the event in the non-factive clause had not
occurred and reduced the  number of incorrect responses

significantly.

Third, two events occurring at the same time are represented together

and subsequently the exact linguistic form in which the occurrence of

these two events was described cannot be recovered.

EXPERIMENT 2

INTRODUCTION

This experiment builds on the results from the previous experiment,

looking at the same and additional factors.

Are subjects better at remembering details of the temporal order of
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events or details of their location? Memory for the order of events in
logical order within the sentence appeared fairly accurate and in this
experiment I compared this with location of events to examine Sturt's
(1925) finding that temporal details were remembered slightly less well
than locative ones. I expected there to be little difference between the
extent that 1locative and temporal detail, both of which give

"contextual" detail, are remembered.

What factors might lead subjects to incorrectly remember that the event
in non-factive before clauses happened? Having shown in
experiment 1 that providing a definite alternative ending for the event
in the before clause increases the 1likelihood of subjects correctly
remembering the non-factivity in the clause, 1in this experiment instead
of the before clauses being given positive alternative endings, the
questions were varied, so that in three stories the event in the clause
would be queried directly, 1in the other three indirectly. I would
expect a direct enquiry about the event would increaée the likelihood

of subjects correctly remembering that it did not occur.

Is there more 1likelihood of subjects confusing two sentences describing
two events occurring close together temporally than two far apart in
time? 1In experiment No 1 subjects frequently misrecognised "temporal
confusions”, in this experiment these were compared for events occurring
at the same time and for two events oécurring at two separate times.
The prediction was that if the mental representation of a text groups
events together because of the time at which an event occurs in relation
to other events, then sentences describing events should be less easily

confused if the two events occur at different times rather than at the
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same time.

Previous work (Johnson-Laird & Stevenson 1970) has shown that when
subjects were aware that a memory test was to follow their reading a
passage of text subjects recognition of verbatim sentences was better
(i.e. they were less likely to mistakenly récognise a sentence which was
different but meant the same). This might affect the recognition of
temporal confusions so in this experiment there was one question for
each story where subjects were given a paraphrase of a sentence that
occurred in the story and asked if it had occurred. This was compared
with the number of times subjects recognised a sentence that actually
had been present in the story. If subjects were affected by the
knowledge that a memory test was to follow it was expected they would
retain a more linguistic representation of the text and hence be able
to clearly distinguish between the actual sentence given in the text and

a paraphrase.

METHOD

Subjects

Subjects for this experiment were fourteen first-year Psychology
students from Durham University. Ages ranged between 18 and 24 years

and there was an approximately equal number of males and females.

Materials were prepared by first composing six stories of about 500
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words each. An example is as follows:

Story 1 - A Walk in the Country

Tina and Chris walked along silently. The path was rising slightly. To
the left the ground sloped away to a rushing stream, to the right there
was a wooded hillside where they could hear the birds singing. Last
time they were here Chris spotted a woodpecker. This time Tina pointed
out a robin, sitting on a low branch of a young beech tree, and they
stopped and watched as it flew down to within a few feet of them, and
began scratching in the fallen leaves.

Chris couldn't believe that in half an hour they would have to get back
in their car and drive back to the big city. Tomorrow at 8.30 they
would both be at work at their desks, in stuffy rooms and the memory of
this walk would fade, just as the sunlight was already beginning to
dwindle in the evening air.

She sighed deeply and the noise was enough to startle the robin who flew
back to the safety of his beech sapling. Tina looked sympathetically at
Chris, as if sharing her thoughts and then decided to shake her out of
her dreary mood. "Come on, I'll race you," she said suddenly and the
two of them tore up the narrow track, laughing as a nervous squirrel
hurried out of their way, and then, when it was sitting in a holly bush,
gave them a scandalised look. Such goings on indeed!

Before they got to the large oak tree they were gasping for breath.
They stopped and grinned at each other and, as of one accord, started
down a small diversion from their path, which led down towards the
rushing water. There were small gorse bushes on either side and, when
her foot slipped because the path was quite steep and very muddy, Tina
grabbed onto one for support. She let go again quickly because it was
prickly and stood for a moment regaining her balance.

They picked their way carefully down the last few yards to the side of
the stream. The ground sloped steeply 3just beyond where they were

standing and the stream went over a little waterfall. As they reached
the top, Chris bent down to pick up a small rounded pebble. At the same

moment Tina stopped, entranced with the moving water. Chris, too, was

fascinated by the ever-moving, ever-changing flow for a while. She
lost interest fairly quickly however and looked over to the other bank

where there were some orchids the last time they were here.

Tina was taking no notice of anything but the water, she was always
almost hypnotised by waterfalls, or waves, and Chris waited patiently
for a full five minutes, keeping a hopeful eye out for the otter they'd
seen months ago, until Tina sighed and turned away from the stream.
They turned homeward and began the ascent.

Questions for Story 1

1 How wide was the stream?
2 Was this sentence in the story?

-87-



B s

O o300 WL

10
11
12
13
14
15

16
17

18
19

20

“Chris found it incredible that in thirty minutes
they would have to drive back into town."
Which side of the path were the prickly bushes on?
Was this sentence in the story?
"She 1lost interest fairly quickly however and looked over
to the other bank where there were some orchids.”
What caused Tina to slip?
What type of bush did Tina grab for support?
What time did they start work?
Where did the steep path lead?
In what order were these events suppposed to have happened?
Tina saying "Come on, I'll race you”
Heard birds singing
They startled a squirrel
They saw an otter
What sort of work did they do?
What startled the robin?
When did they see a woodpecker?
Where was the robin sitting?
Did they pass a large oak tree?
Was this sentence in the story?
"Chris slipped right over and Tina helped her to her feet."
What sort of bush did the squirrel retreat to?
Was this sentence in the story?
"She let go again quickly because it was prickly and stood for a
moment regaining her balance.”
As the story starts, on which side of them was the wooded hillside?
Was this sentence in the story?
"As they reached the top Tina stopped, entranced
with the moving water."
How close to them did the robin come?

For each story 20 questions were constructed, 8 of which were fillers,

and the others which were intended to investigate the following

phenomena

1.

Memory for temporal order compared to memory for details of location

There were four qqestions about the location of objects and events in
the story (subjects were asked "Where did .... happen?) and the
results of these questions were compared (as described in Results
gection) with the answer to question about temporal order which
consisted of a list of 4 events mentioned in the story which subjects

were asked to put in order of occurrence.

-88-



Non-factive before sentences- there was one sentence with a
non-factive before clause in each story. For three stories a
question asked directly whether the before clause  happened,
(e.g. "Did they pass a 1large oak tree? - Story 1) for three a
question asked indirectly about the before clause (e.g. Story 3
says "She poured herself a large whisky but put it down before she
could take a sip" and subjects were asked "How much whisky did she

drink?).

Temporal confusion - Two adjoining sentences (or occasionally a
two clause sentence) were combined to give the recognition test
sentence. There were two types of combination.

A. Temporal confusion -~ As in experiment 1, one sentence
contained time and event and a second sentence a co-occurring
event. The combined sentence contained time and co-occurring
event. e.g. As they reached the top, Chris bent down to pick up
a small rounded pebble. At the same moment Tina stopped,
entranced with the moving water. Recognition - As they

reached the top, Tina stopped, entranced with the moving water.

B. Close together in text - Two events that happened at different
times are described either in one sentence or in two adjoining
sentences. The recognition sentence describes the second event
happening at the time of the first event. e.g. She lost
interest fairly quickly however and 1looked over to the other
bank where there were some orchids the last time they were

here. Recognition She 1lost interest fairly quickly however

-89-



and 1looked over to the other bank where there were some

orchids.

4 Verbatim vs Paraphrase sentence - One gquestion involved subjects
being asked to recognise 'a verbatim sentence and another to
recognise a paraphrase sentence to investigate what sort of

representation was being constructed.
A full set of materials is attached as Appendix 2(a).

Design and Procedure

The subjects were tested in the first-year psychology laboratory and were
split into 6 groups (4 of 2 and 2 of 3). Each member of group 1 was
presented with a copy of story 1, each member of group 2 a copy of story
2, etc. Subjects were told "You will be given six stories in all. When
you are given each one you should read it carefully and hand it back to
the experimenter when you have finished, and you will be handed the
questions appertaining to that story.” When they had completed all the
qgquestions they handed the questionnaire to the experimenter and were
presented with the next story. This procedure was continued until all
groups had read and answered questions on all stories, with order
counterbalanced so as to even out effects of practice, expectation and
fatigue. Time taken for the subjects to complete all six sets of stories

and questions varied between 25 minutes and 45 minutes.

The answers to each question were recorded and subjected to statistical
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analysis.

RESULTS

Fl and F2 analyses were carried out on the four factors already listed.
These are
1. Temporal Factors
(a) Temporal order vs location
{b) Direct vs Indirect querying of non-factive befores
(c) Temporal confusions with items close together in time vs far apart
in time

2. Verbatim sentences vs paraphrases

Raw data for all these factors appears in Appendix 2(b) with details of

analyses in Appendix 2(c).

Temporal Factors

1. Memory for Temporal Order compared with Memory for Location

Temporal order Location

3.79 (63%) 4.04 (76%)

Table 2.1: Subject means for no of items
recalled correctly

Table 2.1 shows the means for the two types of information. The

difference was not significant (Fl<l, F2=2).
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2.

Non-factive before sentences

Direct Question Indirect Question

2.4 (80%3) 1.8 (60%)

Table 2.2: Mean no of non-factive clauses recalled
correctly as not having occurred depending
on type of question asked.

Table 2.2 shows the results from this factor. The difference was

marginally significant on F2, but not significant on Fl1 (F1=3.24,

df=1,13; F2=15, df=1,2, pP=0.06).

Temporal Confusions -

Events close together | Events far apart
{correctly rejected) (correctly rejected)

3.34 (58%) 3.85 (64%)

Table 2.3: Mean no of responses correctly rejected
for items close together and far apart

Table 2.3 shows the subject means for recognition of sentences
where two close together events are confused and two far-apart ones
are confused. This was not significant (F1=2.33, d4df=1,5; F2=1.6,

df=1,13).

Verbatim sentences v paraphrases

Verbatim sent Same Meaning sent
recognised recognised
4.5 (75%) 1.8 (30%)

Table 2.4: Subject means for number of sentences
recognised verbatim v same meaning only
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From Table 2.4 it can be seen that subjects were surprisingly good at
recognising whether sentences had been in the stories or not. Both by
subject and by-story there was a significant difference between
recognition of those sentence which had actually occurred and those
which merely paraphrased an occurring sentence (F1=58, df=1,13, P<0.01l:

F2=8.06 df=1,5, P=0.05).
DISCUSSION

The results - showed that temporal and location information was
remembered to a very similar extent. As predicted, it was more likely
that the event in the non-factive before c¢lause would be correctly
remembered as not having occurred when its occurrence was directly
queried rather than when a question was asked which to some extent took

the occurrence of the event in the non-factive before clause for granted.

There was no difference for recognition of sentences where two items far
apart were combined or two items close together. This is a surprising
finding, but can perhaps be explained with the help of the results of the
recognition test for sentences with same meaniné but different words
where subjects were surprisingly good at distinguishing sentences that
had occurred from those that hadn't. As subjects were expecting a memory
test they may have formed a model of the text, but they also retained
more detail of the actual surface form of the text than they would have
done if no memory test was expected (Johnson-Laird & Stevenson 1970;

Stevenson, 1988).

These results support the idea that locative and temporal information
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(whether explicit or relational) are of equal (although perhaps not of
major) importance in forming a representation of a text. The fact that
non-factive before sentences are not always correctly remembered
indicates that their occurrence or non-occurrence 1is not treated as of

vital importance in the representation of the complete text.

The results from the "temporal confusions" suggest that two items
occurring close together in the world described are not represented close
together. This is such a surprising finding that instead it is more
likely that even if a discourse model was constructed for these
sentences, subjects made a conscious effort to retain details of

linquistic form, because they were expecting a memory test.
It is also possible that because material was produced in written form
there is also some memory trace of the actual appearance of the sentences

on the page, which would not occur with aural presentation.

EXPERIMENT 3

INTRODUCTION

This experiment was conducted to examine further similarities between

representation of temporal and locative information.

With temporal information, Bransford, Barclay and Franks (1972) found
that sentence memory representations can embody more than the sentences
contained. So, for example, subjects hearing "The woman stood on the

stool and the mouse sat on the floor beneath it" could not remember
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whether they had heard that sentence or "The woman stood on the stool
and the mouse sat on the floor Dbeneath her"” which is implied by the
first sentence. Barclay (1973) assumed that most communication
situations require the 1listener to construct semantic representations
(or possibly discourse models) of objects, relations between objects,
events, states of affairs and the like rather than representations of
sentences per se. However certain tasks, primarily memorisation, do
require sentences be treated as objects rather than sources of

information about other aspects of the world.

As described in the introduction, he presented acquisition sentences

containing the expressions to the left of and to the right of

describing an array of five animals standing in a row:

LION BEAR MOOSE GIRAFFE cow
to two groups of subjects; one of whom had to figure out the linear
order of the animals while the other attempted to memorise the

acquisition set.

Subjects were presented with a recognition task, 5 sentences were old,
i.e. had been presented in the acquisition set, 5 reversed subject and
object 1in these sentences, 5 changed the relation in fhese sentences, 5
were equivalent, i.e, changed subject, object and relation. There were

also 4 new true sentences and 4 new false sentences.
Subjects were asked to 1indicate confidence of "new" or "old" on a

5-point scale, and these were scored with + indicating old and -

indicating new. Barclays results are displayed in Table 1:

-95-



True Subject False
Equiva- New Relation Object New
Group 014 lent Pair Reversal Reversal | Pair
Imagers 3.35 2.91 3.03 - 3.81 - 4.09 - 4,23
Memorisers 1.04 0.74 0.19 0.56 0.83 - 0.92
Table 3.1: Mean recognition scores for sentence categories (Barclay'

1873)
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Material

The acquisition sentences referred to a series of 5 events in the

following order:

the cat meowed
the mouse ran

the dog barked
the boy yelled
the hen clucked

Before and After were used instead of to the 1left of and to the

right of, and this generated the following frame:

the cat meowed the cat meowed

the mouse ran before the mouse ran
the dog barked
the boy yelled after the boy yelled

I~~~ e~~~

)
)
the dog barked )
)
)

the hen clucked the hen clucked

The acquisition set is given in Table 1 below. Three orders of the 11
acquisition sentences were arranged consecutively for the total set.
Orders were random except for the constraint that no consecutive

sentences among the 33 refer to the same pair of events.

The cat meowed before the mouse ran
The cat meowed before the boy yelled
The mouse ran before the dog barked
The mouse ran after the cat meowed
The dog barked before the boy yelled
The dog barked after the cat meowed
The boy yelled before the hen clucked
The boy yelled after the dog barked
The hen clucked after the boy yelled
The hen clucked after the mouse ran
The hen clucked after the cat meowed

Table 3.2 - Acquisition set

The recognition set consisted of six categories which are described and

illustrated in Table 2. Five of the acquisition sentences were used to
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derive OLDs, SUBJECT-OBJECT REVERSALs RELATION REVERSALs and
EQUIVALENTs. The remaining acquisition sentences and their derivatives
were not used because each qualified for two recognition categories.
TRUE NEW PAIR and FALSE NEW PAIR categories each contained four
sentences and the rest each contained five. Thus the recognition set
contained 14 true and 14 false sentences, 23 of which were new. The
full set of 28 sentences can be found in Appendix 14. The recognition
list contained two consecutive randomisations of the 28 sentences, again
with the constraint that no adjacent sentences among the 56 refer to the

same pair of events.

Category Example Rule for producing
sentences

OLD The cat meowed before (From acquisition list)
the boy yelled
SUBJECT-OBJECT The boy yelled before 1. Interchange the subject

REVERSAL=* the cat meowed and object of an OLD
RELATION The cat meowed after 2. Change relational term
REVERSAL=* the boy yelled of an OLD to its opposite
EQUIVALENT The boy yelled after 3. Apply rules 1 and 2
(to OLD) the cat meowed
TRUE NEW PAIR The boy yelled after 4. Correctly describerelation
the mouse ran between two events which

did not occur together in
any acquisition sentence
FALSE NEW PAIR%* The cat meowed after 5. Incorrectly describe relation
the dog barked between two events which
did not occur together in
any acquisition sentence

rNote that these are false with respect to the original order.

Table 3.3 : Recognition List Categories.

Design and Procedure

Subjects were divided into two groups and instructions were read out as
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unders:

Imagers This experiment 1is to investigate the communicative properties
of language. I'm going to read you a list of sentences and you should
use the sentences to form a picture of these events in the order they
occur.

For instance, I may read "The girl stood on her head before the woman
screamed”, then "The car drove away after the woman screamed." You
should form an image of these events in their correct order. However,
when you hear one event occurred before another, or after another,
it does not necessarily mean it happened immediately before or after it,
another event, or possibly 2 or 3 events might occur between them.

You will later be asked to write down the order in which these events
occurred. Some of the sentences may be repeated.

Memorisers I want you to memorise the sentences I'm going to read to
you for an experiment on memory. When they have been read to you you
will be given a recognition test containing the sentences you have heard
and very similar new ones and will be asked to say whether or not you
have heard the sentences before. Some of the sentences may be repeated.

The experimenter read sentences with normal intonation, pausing 3

seconds after each.

The recognition task began 2 min after the final acquisition sentence
was read. Subjects were instructed "Please indicate on the
piece of paper before you whether the sentences you hear are old or new
and rate your confidence in your Jjudgement on the 5 point scale
provided from 1, 1low confidence to 5, high confidence. Some of the
sentences will be repetitions. Remember, all I want you to do is say
whether the sentence was in the acquisition set of sentences you heard

or not."

With each group of subjects (both Imagers and Memorisers) the experiment

took about 25 minutes.
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RESULTS

The results were analysed in a 2 (imagers vs memorisers) x 6 (type of
recognition sentence) analysis of wvariance. The overall means for each

of the conditions is shown in Table 3.4.

For data analyses, each recognition response received a value between +5
and -5, excluding zero: "o0ld" responses were considered positive "new”
responses negative, and the numbers one through five correspond to

degrees of confidence from "very low" through "very high."

True Subject False

Equiva- New Relation Object New

Group 0ld lent Pair Reversal Reversal Pair
Imagers 2.37 2.45 o 1.72 - 1.33 - 1.35 - 1.79
Memorisers 1.22 0.91 0.92 -0.27 0.85 1.08

Table 3.4: Mean recognition scores for sentence categories

Imagers and Memorisers scores were significantly different overall.
Memorisers were more likely to <claim sentences were "old" (F1=8.50,

df=1,19, P<0.01; F2=34.70, df=1,22, P<0.001).

Over both Imagers and Memorisers there were significant differences
between categories (F1=16.16, df=5,95, P<0.00001; F2=21.57, df=5,22,
P<0.001) and in order to further investigate these Memorisers and
Imagers were analysed separately. Different categories were very

significant for Imagers (Fi=16.16, df=5,95, P=0.00001; F2=65.38,
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df=5,20, P<0.00001). There were also marginal differences for
Memorisers on Fl (F1=2.66, df=5,95, P<0.05; F2=1.53, df=5,20).

Distribution of these differences was assessed using Newman Keuls tests.

Newman Keuls tests showed that for Imagers, means for +true sentence
categories did not differ reliably, nor did those for false sentence
categories. However, all comparisons between true and false sgentence
categories were significant (critical values of F at the 0.01 level were
used}. Memorisers results were much less clear-cut, using
critical values of F at the 0.05 level, Fl analysis showed RELATION
REVERSALs to be significantly different from OLDs, NEW FALSE and
SUBJECT-OBJECT REVERSALs while on F2 there were no significant

differences.

Details of actual . results appear as Appendix 3(b) and details of

analyses appear as Appendix 3(c).

DISCUSSION

The results show that when subjects are instructed to concentrate on the
meaning of the sentence and construct a complete model of what the
sentences convey they are better at distinguishing sentences that are
true of the array from those that are false, but cannot distinguish
between the actual o0ld and actual new sentences. When the
instructions specify a memory task there was only a slight tendency for
subjects to distinguish those "old” from other sentence
categories, but subjects showed no overall difference between those

sentences true of the array and those false of the array.
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It is worthwhile comparing my results with those from Barclay (1973), to
enable comparison of representation of temporal and locative

information. Results are compared in Table 3.5:

True Subject False
Equiva- New Relation Object New
Group 0ld lent Pair Reversal Reversal Pair
Barclay
Imagers 3.35 2.91 3.03 - 3.81 - 4.09 - 4,23
Memorisers 1.04 0.74 0.19 0.56 0.83 - 0.92
Me
Imagers 2.37 2.45 1.72 - 1.33 - 1.35 -1.79
Memorisers 1.22 0.91 0.92 0.27 0.85 1.08|

Table 3.5: Comparison between Barclay and this experiment

Although the overall pattern of results betwen the two experiments is
similar, there is a marked difference between the Imagers scores in
Barclay and my experiments. His subjects were much better at
distinguishing those sentences true of the array from those false than
my subjects were. This might indicate that locative sentences are

easier to represent in pictorial form.

On the other hand, Barclay's procedure differed from mine in one
important respect, immediately after hearing the acquisition set the
Imagers described the array on 3 x 5 in cards. Memorizers knowledge of
the array was not assessed until after the recognition task. This would
at the very least, serve to clarify the array in 1Imagers' minds, and
could have been partly responsible for the impressive difference shown
by his Imagers between those sentences true of the array and those false

of the array.
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For memorisers Barlay's subjects rated False New pairs significantly
below all others, but otherwise showed no difference between groups. My
subjects showed little significant different between groups either.

The original linguistic form of the temporal sentences was distinguished
more easily than in the locative sentences, which may indicate some
element of imagery crept into the memory strateqy of Barclay's
Memorisers group perhaps showing locative sentences were easier to

imagine.

Even with Barclay's 1Imagers group, however, subjects were better at

remembering the original form of the sentence, which suggests that some

trace the linguistic form is left even after a model has been built up.

EXPERIMENT 4

INTRODUCTION

Garnham suggests that word meanings should be thought of as procedures
that interact with knowledge about the world in the setting up of mental
models of situations described in texts. There need be no separate
semantic representations. Just as syntactic information can be "thrown
away" after it has been used so can semantic information, though neither
need be. This, it is suggested, is what allowed the "New True

Sentences" in the previous experiment to be classified as "0ld".

People should be unable to distinguish between sentences compatible with
what they have heard, even when those sentences have different meanings.

One way this hypothesis can be tested 1is to use a passage in which two
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or more descriptions are, as a matter of contingent fact, coreferential.

A pair of descriptions such as the man with the martini and the man

standing by the window have different semantics but in some contexts

may designate the same individual. In these contexts, sentences such
as:

The man with the martini is tall.

The man standing by the window is tall.
will both be true or false together. They are either both compatible or
both incompatible with the mental model listeners set up when they hear

the passage.

If one of the two sentences occurs in a passage, and both appear in a
subsequent forced-choice recognition test, subjects who were not
expecting the text should be confused about which of the two was in the
passage. Previous results suggest that warning of a memory test should
eliminate the confusion (e.g. Johnson-Laird and Stevenson, 1970).
However, in the course of normal language processing the semantics of
sentences areprobably not retained, only a mental model of the situation
described. In general, the semantics of the sentences in a passage are
not recoverable from the mental model repreéentﬁng the éassage, 80
subjects who can remember what they were told cannot necessarily

remember how they were told it.

Garnham presented the following eight sentence passage to 12 subjects:
6 of his subjects were warned they would be given a memory test, the

others were not.

The party had been in progress for about four hours. Around the sitting
room the guests were talking in groups. By the window was a man with a
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martini. He commented on the decor to a woman who was wearing a diamond
brooch and smoking a perfumed cigarette. She asked him if he had
complimented the host on his taste. The man standing by the window
shouted to the host. The other guests looked towards the pair. The woman
wearing the diamond brooch told the man with the martini to leave her.

The third sentence etablished the coreferentiality of the man with
martini and the man standing by the window and the fourth sentence that

of the woman wearing the diamond brooch and the woman smoking the

perfumed cigarette.

There was an 8-AFC recognition test for the sixth sentence and one for
the eighth sentence. Each test included the sentence, with the

coreferential description substituted, for example.

The man with the martini shouted to the host.

and sentences derived from these two by reversing the roles of the
characters, for example:

The host shouted to the man with the martini.

The host shouted to theman standing by the window.

Of the subjects who knew about the tests, only one out of six failed to
pick the original sentences as their first choice. However, the six
subjects who did not expect to be tested made nine errors in their first
choices, with each of the six making at least one error. The difference
between the numbers of subjects making errors, as was the difference in

the total number of first choice errors was significant.

Garnham interpreted these results to show that subjects construct a

representation of the situation described by a passage, but unless they
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know they are to receive a memory test, they do not remember the

meanings of the sentences that conveyed the information.

The aim of this particular experiment was to see if the representation
of the situation constructed by subjects has events that happen at the
same time represented together, so that unless they know they are to
receive a memory test they do not remember the sentences that conveyed

the information.

METHOD

Subjects

20 first year undergraduate psychology students took part in this
experiment. Their ages ranged from 18 to 35 and there was an equal
number of males and females. 10 took part in the "aware" condition and

10 in the "naive" condition.

Materials

A passage was constructed with sentences that paralleled those in the

Garnham passage, as under

Each day in the local school was packed with incident and this Monday
was no exception. At playtime the children played tag and there was
lots of shouting and laughing. Five minutes before the bell Linda Todd
grazed her knee. When the bell went and the children were lining up in
the playground John Wilks punched Terry Clay. The pupils filed back
full of energy and Mr Roberts had to shout to be heard. Linda had to
see the school nurse because she had fallen over. Mr Roberts asked John
Wilks to tell him what had happened as they were lining up. John said
he thought Terry had pushed Linda over.
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Sentence 3 establishes a time and an event which occurred then.
Sentence 6 establishes ancother event that happened at the same time.
Subjects were given a 4 AFC between the sentence appearing in the
passage, "Five minutes before the bell Linda Todd grazed her
knee." and the sentence with the time but the event mentioned later in
the passage, 2Five minutes before the bell Linda Todd fell over." and

two sentences decribing events that did not happen.

Similarly, sentence 4 contained two events happening at the same time
(the bell went and the children were lining up) which acted as reference
time for the event John punched Terry. - Sentence 7. asks what happened at
one of thoge times. Subjects were given a 4-AFC between the sentence
appearing in the passage "Mr Roberts asked John Wilks to tell him what
had happened as they were 1lining up." and a sentence where the
co-occurring event 1is substituted "Mr Roberts asked John Wilks to tell
him what had happened as the bell went." and two sentences where the

roles of John Wilks and Mr Roberts were reversed.
The passage was printed on one piece of paper, with blank 1lines
following it for a continuation. The 2 sets of 4 alternative sentences

were printed on a second piece of paper, in two different orders.

The Garnham test passage and materials and my test passage and materials

appear in Appendix 4(a).

Design and Procedure

Subjects were required to write a continuation to a passage and 2
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minutes later were given 2 sets of 4 sentences and asked to select out
of each set of 4 alternatives the .sentence they had actually read in the
passage, giving 2nd and 3rd choices. Independent groups were used.
There were two conditions "naive" subjécts who did not know a memory

test was to follow, and "aware" subjects who did.

There  were 10  subjects in each group. Subjects were tested

individually.

Group 1 (Naive) subjects were asked to take part in an experiment
relating to the way passages of text were -naturally continued. They
were asked to write one or two sentences continuing the passage they had

been handed.

Group 2 (Aware) subjects were asked to take part in a memory experiment
and were asked to write one or two sentences continuing the passage they
had been handed and that later they would be asked some questions about

the passage.

For both groups - two minutes after they completed the continuation they
were given a second piece of paper with both sets of alternative
sentences and asked for each block of four sentences to mark a "1" by
the sentence that had appeared in the passage, and to put "2" and "3" by
their second and third choices, even if they were certain which sentence

they had read.
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RESULTS

Factors in this experiment were
aware vs naive subjects

type of sentence recognised (original/compatible/incompatible)

warning
original sentence {of test original | compatible incompatible
grazed her knee yes 4 6 0
no 5 5 0
children lining up| vyes 5 5 0
no 6 4 0

Table 4: Sentences chosen first in the recognition test

From Table 4 it can be seen that there was no significant difference
between the number of "1" choices in the two conditions (Fl=1; F2<l1).
Details of raw data appear in Appendix 4(b) and of analyses in Appendix

4(c).

DISCUSSION

This experiment shows no significant difference between those subjects
aware of a memory test to follow and those unaware. Both groups of
subjects were equally 1likely to chose the exact sentence that had
occurred in the text or a sentence which had not occurred in the text

but which was compatible with the meaning of the text.

The lack of difference between the two groups 1is at odds with other
findings (Johnson-Laird & Stevenson 1970, Barclay 1973, my own

experiment 14) and this may be because this experiment provided a
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written passage, so that subjects were able to retain a picture image

of the text as well as a model of what the text said.

The experiment provides support for an argument that two events that
occur together are represented together in a mental model, so that when
a subject is required to select a 1linguistic form this is unavailable
and she has to chose between the sentences that are compatible with the
model on the grounds of meaning alone, and in this experiemnt there were

two equally likely candidates.

EXPERIMENT 35

INTRODUCTION

This experiment was designed to test the idea that there are
similarities between the way that information about temporal order of
events conveyed in language 1is represented and the way that information
about location of objects is represented. It is wvery similar to one

carried out by Bransford, Barclay & Franks (1972).

In order to show that what is retained in the representation is not the
linguistic information, but rather a wholistic description of the
situation, Bransford, Barclay & Franks presented subjects with text
containing spatial information, as in the following:

There is a tree with a Dbox beside it, and a chair is on top of the box.
The box is to the right of the tree. The tree is green and extremely

tall.

They used six passages, which were read to subjects with instructions
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that they should attempt to comprehend them as they would later be asked
some questions about their meanings. Half the subjects were given
recognition sentences as in Block A, and the other half as in Block B,

both shown below:

Block A

a) The box 1is to the right of the tree

b) The chair is to the right of the tree

c) The box is to the left of the tree

d) the chair is to the left of the tree

In Block A only A(a) occurred 1in the original passage, however, if
subjects forget the exact linguistic form their representation should
enable them to pick sentences consonant with the overall semantic
descriptions constructed, even if such sentences were not heard during
the acquisition task. In this block A(b) is such a sentence because
"chair” is an object that co-occurs with box, 1i.e. shares the same
location. 42% of subjects in this experiment recognised A(a), 29%
A(b), i.e. 712 of subjects recognised a sentence consonant with the
overall description. There was, however, some evidence that the
original linguistic form left some trace.

Block B

a) The tree is to the left of the box

b) The tree is to the left of the chair

c) The tree is to the right of the box

d) The tree is to the right of the chair

None of the sentences in block B were heard in the acquisition task, but
sentences (a) and (b) preserve the situation described. (a) reverses
connective and original nouns whereas (b) reverses connective and
substitutes the co-occuring object for one of the original nouns. Both

(c) and (d) are incorrect in not preserving the situation described.

When subjects were given block B there was no difference between the
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number of subjects chosing B(a) and (b), but 70% subjects chose (a) or

(b) in a recognition task.

Bransford, Barclay and Franks' argument was that once a mental model
had been built up, a sentence describing a co-ocurring object (the
chair in the example above which occurred in the same location relative
to the tree as the box) in relation to the first object would be
confused with the original sentence because the representation would
show the co-occurring object in that relation to the first object, and,
as ‘it was. a correct description of the representation, once the
linguistic form was lost there was no evidence that this was not the

original sentence.

Their results showed that subjects showed a preference for the exact
linguistic form where it was available (in set A) but that in set B
where the exact linguistic form was not available, there was no
preference for sentences with the original content nouns over those
containing a noun occurring in the same location as one of the

originals.

In order to further investigate the extent of similarities between
representation of locative and temporal information it was decided to

carry out a temporal analogue of this experiment.

1f there are similarities between the two types of information it could
be expected that in set A subjects would show some preference for the
exact 1linguistic form, with the sentence containing the co-occurring

event coming second, as it also correctly described the situation.
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However, where subjects were given set B where the exact linguistic form
in the original passage was not available, subjects would be equally
likely to <chose either of the two sentences correctly describing the

situation.

The aim of this experiment is to provide evidence that representation of
the temporal order of events is analagous to representation of location
of objects, with events co-occurring at the same time represented 1in
relation to events occurring at other times in the same way as objects

located in the same space are represented in relation to other objects.

METHOD

Subjects

22 First year psychology undergraduates took part in this experiment.
There was an approximately equal number of males and females and ages

were between 18 and 35.

Material
Five locative passages were composed to follow the same form as in the

Bransford, Barclay and Franks experiment. Each one had the following

form:
Sentence 1 - Two objects (a and b) are located side by side
Sentence 2 - One object (c) sharing the same location as one of the

objects in sentence 1 (say a)
Sentence 3 - A sentence wusing to the left of or to the right of
to relate the location of the object introduced
in sentence 2 (¢) to the object mentioned in
sentence 1 but not sentence 2 (in this case b)
A descriptive sentence, not temporally related, referring
to object b

Sentence 4
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For example:

Passage

The chair is next to the table. The book is on the chair. The chair is
to the right of the table. The chair is wooden and very solid.

Recognition Sentences

A (a) The chair is to the right of the table.
(b) The book is to the right of the table.
{c) The chair is to the left of the table.
(d) The book is to the left of the table.

B (a) The table is to the left of the chair.
{b) The table is to the left of the book.
(¢) The table is to the right of the chair.
{d) The table is to the right of the book.

Five temporal passages were composed. However, in composing
these there was a problem because beside or next to are neutral
with respect to left or right and there is no concept which 1is their
temporal equivalent. And was used instead and any tendency to assume
first mentioned event in a sentence Jjoined by and is the first
occurring event was controlled for by alternatively making this event
the first and second. Each passage had the following form:
Sentence 1 - Two events (a and b) joined by "and"
Sentence 2 - One event {(c) happening at the same time as one of the
events in sentence 1 (say a)
Sentence 3 - A sentence using after or before to temporally relate
the event introduced in sentence 2 (c) to the event
mentioned in sentence 1 but not sentence 2 (in this
case b)

Sentence 4 - A descriptive sentence, not temporally related, referring
to event b

For example:

Passage

The mouse ran and the cat meowed. As the cat meowed the child jumped.
The child jumped after the mouse ran. The mouse was grey and ran fast.
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Recognition sentences

:Y (a) The child jumped after the mouse ran.
(b} The cat meowed after the mouse ran.
(c) The child jumped before the mouse ran.
(d) The cat meowed before the mouse ran.

E {a} The mouse ran before the child jumped.

(b) The mouse ran before the cat meowed.

{c) The mouse ran after the child jumped.

{d) The mouse ran after the cat meowed.
Two sets of answer sheets were prepared. Each had five sets of
recognition sentences of style 'A' and five of style 'B'. Sentences (a)
and (b) in each block correctly described the situation in the passage,
although only A(a) has exactly the same linguistic form. The variations
were made up by

i) using same connective or opposing connective (i.e. to the left
of instead of to the right of, or before instead of

atter or vv)

ii) changing order of objects/events in passage, so that, for example
in reversed order with same connective the sentence
incorrectly described the situation, whereas in reversed
order with opposing connective the sentence correctly
described the situation.

iii) substituting the co-occurring object/event for the one quoted in
original sentence in the variations in (i) and (ii) above.

[(iii)was the important condition as far as Bransford, Barclay and
Franks were concerned as they argued that once a mental model had been
built up the co-ocurring object was represented as being in the same
relation to the other object in the sentence as the original one, so
that once the linguistic form was lost, subjects could not distinguish
sentences with the original objects from those with the co-occurring
objects.]

These three variations combine to give us eight sentences as in Table 1
below:
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objects/events connective
same as in substitution of
passage co-gccurring
object/event correctly [wrongly
) same ppposing |describes |[describes
pame |reversed | same reversed situation |situation
prder |order order |order
Aal x X X
Ab| - X X X
Ac| X X X
Ad X X X
Ba X X X
Bb X X X
Bc X X X
Bd X X X

Table 5.1: Details of composition of recognition sentences

NOTE - The set of B sentences does not include the original sentence.

A

(a)
The
(b)
The
(c)
The
(d)
The

B

(a)
The
(b)
The
(c)
The
(4)
The

The

exact passage

child jumped after the mouse ran.

substitution of co-occurring object/event in (a)
cat meowed after the mouse ran.

two original objects/events and opposite connective
child jumped before the mouse ran.

substitute co-occurring object/event in (c) and opposite connective
cat meowed before the mouse ran.

original objects/events reversed and opposite connective

mouse ran before the child jumped.

substitﬁte co-occurring object/event in (a) and opposite connective
mouse ran before the cat meowed.

original objects/events reversed and original connective

mouse ran after the child jumped.

substitute co-occurring object/event in (c) and original connective
mouse ran after the cat meowed

complete set of 5 temporal and 5 locative passages and

recognition sentences appears as Appendix 5(a).
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2 sheets of recognition sentences were preparéd. Sheet 1 had Block A
of recognition sentences for passages 1, 3, 5, 7 and 9 and recognition
Block B for sentences 2, 4, 6, 8 and 10; while sheet 2 had Block A of
recognition sentences for passages 2, 4, 6, 8 and 10 and recognition

Block B for sentences 1, 3, 5, 7 and 9.

Design and Procedure

The acquisition passages were recorded on a tape recorder with a 5
second gap between pasgsages, temporal and locative passages were read
alternately. All subjects heard all 10 acquisition passages, five
temporal and five 1locative, in the same order. Instructions were
"Listen carefully to the 10 passages 1 am about to read to you and
attempt to comprehend them because you will later be asked some

questions about their meanings."

After a 3 minute break subjects were given a recognition sheet with
blocks of sentences typed on it and they were told to indicaté which
sentences from each block they had actually heard during the acquisition
task. Half the subjects were given recognition sheet 1 and half
recognition sheet 2, so that 11 subjects saw recognition block A and 11

saw recognition block B for each passage.
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RESULTS

The results were analysed ina 2 (A vs B) X 2 (temporal vs spatial) x 2
(correct wvs incorrect description} x 2 (original wvs co-occurring
object/event) analysis of variance. The overall means in each of the

categories are given in Table 5.2 below.

Results were as under:

temporal spatial
A B A ’ B
original
correctly objects/events| 61.3 50.5 59.0 43.8
describes
situation substitute
objects/events 3.0 3.8 14.3 16.6
original
incorrectly objects/events 14.3 19.6 23.4 30.2
describes
situation substitute
objects/évents 21.1 25.6 3.0 9.0

Table 5.2: 2 of sentences in each category ticked by subjects.

For each sentence subjects saw either set A or set B, (where B did not
contain exact sentence in passage). There was no difference between sets

A and B (Fl<l; F2=1).

There was no difference between temporal and spatial passages (F1=1.9;

F2=1).

More subjects chose a sentence that correctly described the situation

than one that did not. Over both the temporal and spatial passages,
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out of a possible 5 correct, 3.475 chose a correctly description while
2.0 chose an incorrect one. (F1=10.5, df=1,21, P<0.005; F2=40.9,

df=1.8, P<0.001)

correct incorrect

description description
Temporal 3.2 2.3
Spatial 3.7 1.7

Table 5.3 : Interaction between those sentences correctly
and incorrectly describing situation and
temporal/spatial factor.

The figures are shown in Table 5.3. There was an interaction on F2
but not on Fl between those sentences that correctly described the
situation and those that did not and the temporal/spatial factor
showing subjects were more likely to chose a correct description on

spatial tasks (F1=1.5; F2=6.2, df=1,8, P<0.05).

original co-occurring events/
events/objects objects substituted

Correct Description 6.0 0.95

Incorrect description 2.25 1.75

Table 5.4 : Interaction between correct and incorrect descriptions

and original nouns or where co-occurring event/object
substituted

Table 5.4 shows an interaction between sentences correctly

describing the situation and those incorréctly describing the situation
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and whether the original nouns were used or whether the co-occurring
event/object was substituted (F1=38, df=1,21, P<0.0001; F2=37.4,
df=1,8, P<0.001). This shows that-subjects were least likely to chose a
description where the co-occurring event/object has been substituted
even though that sentence was a ‘correét description of the whole

situation.

This was different for spatial and temporal passagés and there was a
significant interaction (F1=24.6, df=1,21, P<0.0005; F2= 7.6, df=1,8,

P<0.01). This can be seen in Table 5.5 below.

original co-occurring events/
events/objects objects substituted
TEMPORAL
Correct description 6.0 0.4
Incorrect description 1.8 2.8
SPATIAL
Correct description 6.0 1.5
Incorrect description 2.7 0.7
4.1 1.4

Table 5.5 : Interaction between correct and incorrect descriptions
and original nouns or where co-occurring event/object
substituted and temporal/spatial factor

Raw data is shown in Appendix 5(b) and details of analyses in Appendix

5(c).
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DISCUSSION

Bransford, Barclay and Franks (1972) used only spatial passages and
found that when subjects had the exact sentence as a possible choice
- they chose that more often than the other consistent one, but chose one
of these two consistent descriptions 71% of the time. Where neither of
the consistent descriptions was the exact sentence subjects chose a
consistent description 70% of the time, and were almost equally as
likely to chose the one with the subject-object and relation reversed

as the one with the object/event substituted.

My experimental results were different however. Subjects were less
likely to choose a description where the co-occurring event/object had
been substituted even though the sentence was a correct description of

the situation.

However this conceals a great difference between spatial and temporal
passages. Overall more correct descriptions were scored for spatial

passages.

With temporal passages subjects were very unlikely to choose a correct
description where the co-occurring event had been substituted. They
were much more likely to choose an incorrect description, especially,

strangely enough, where the co-occurring event had been substituted.

With spatial passages there was slightly more 1likelihood of subjects
choosing the correct description with the co-occurring object

substituted, but they were still more likely to choose the incorrect
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description-with the original objects than the correct description with

the substituted objects.

The factrthat with spatial passages subjects do recognise sentences with
co-occurring objects substituted more often than with temporal passages
supports the suggestion from experiment 3 that it may be more easy to
build up a model which represents a spatial array after which the
linguistic form is lost than it is to build a model which represents a

temporal order of events.

My results, for spatial passages, are not so different from the results
obtained by Bransford, Barclay and Franks. 66% of my subjects overall
chose sentences consistent with the description for spatial passages.
It5 just that they showed much more propensity to go for the original

objects.

For temporal again, 59% of the subjects chose passages consistent with
the passage - this group differs from the gspatial one in its increased

reluctance to opt for a sentence containing a substitute event.

It may be that the use of and has had some effect as and is not
explicitly temporal in the same way that next to and besgide are

explicitly locative.

There is also the probability that temporal relations are more complex
than spatial as the temporal relationship 1is between events not
objects. An event is described by a proposition whereas an object is

described by an element in a proposition, e.g.
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right of @ table) object

after (jumped (child), ran (mouse))

event

This could help to explain the 3-way interaction along with the
suggestion that both materials and task may lead to a concentration on
remembering the objects and events at the expense of the relations
between them. Perhaps because the difficulty of the temporal task
(relating to events rather than objects) leads to a memorising strategy
because of memory overload. If so it suggests that relations between
objects and events are forgotten before the events/objects themselves
are forgotfen. The materials in this experiment may well be difficult
relative to those in previous experiments because the relationships
described by the passages in this experiment are arbitary and do not

form a story.

It seems that I have provided evidence that temporal and spatial
information can be represented in a similar form and its representation
affected by similar things (e.g. instructions for experiment). Spatial
information forming an array seems to be easier to represent than
temporal representation, and it is possible this is because it is easier
to "picture" an array containing several objects in relationships with
each other, whereas it is not possible to similarly "picture" a series

of events simultaneously.

GENERAL DISCUSSION

Overall memory for temporal order and temporal items in the first two
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experiments was better than I had been led to expect from Sturt's work,

In experiment 2 where 1 provided a question asking if subjects
recognised a paraphrase cof sentences in the story, results from this
test led me to suspect comprehension of these stories 1is not
strictly typical of normal comprehension when no memory test is
expected. This would explain the 1lack of difference between the
temporal confusions where sentences describe two events at the same
time or far apart in time. In anticipation of a hemory test, subjects

are actually remembering the linguistic form.

However, the experiments in this chapter have produced some evidence to
confirm Sturt's findings that temporal and 1locative information are
remembered to a similar extent. Within the field of temporal
information, I found some difference between memory for order between
what 1 distinguish as in or out of main story 1line (which is
similar to what Bartlett (1932) calls  narrative and descriptive
order) but although information in what Trosberg calls 1logical order
was remembered better than that in arbitrary order this difference did

not reach significance.

Experiment 1 indicated that not all non-factive before clauses are
represented correctly, i.e. as not having occurred. It was shownAthat
this appeared to differ, although not significantly so, with the
strength of the information given in the text to confirm its
non-factivity, i.e. where an alternative was given the number of
incorrect responses was reduced. The indeterminate nature of the

representation is further emphasised by experiment 2, which showed that
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asking ‘a question in a different way, i.e. to cast doubt upon the
occurrence of the non-factive before clause, affected the numbers of
correct responses and overall in experiment 2 only 703 of the time did

subjects correctly remember the non-occurrence of the before clause.

Experiments 3 and 4 showed that when a model was built up and subjects
were unpaware that a memory test was to follow, while detail of temporal
order and relationships was recalled, the linguistic form in which this

information had been presented was lost.

Although in experiment 4 this information was totally lost, experiment 3
showed that some trace of the original 1linguistic form was still
retained and this was confirmed by experiment 5 where, when subjects had

the choice of original form they opted for this above other options.

There was evidence that there were similarities in the way that spatial
and temporal information was represented. Results from experiment 3
were comparable to those from Barclay's (1973) experiment, and in
experiment 5 where spatial and temporal passages were compared directly,
both showed similar tendencieé in answering; exact linguistic form was
chosen most often, then other descriptions compatible with the situation

described by the passage, then incompatible descriptions.

In both these experiments, however, temporal information appears to be
more difficult to build into a model than spatial information,
suggestions why this may be so are made at the end of experiment 5 and I

follow these up in Chapter 6.
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CHAPTER III - NON-FACTIVE BEFORE CLAUSES

GENERAL INTRODUCTION

This chapter aims to look further at the factors examined by Heinamaki
(1974) in her discussion of before clauses, and test whether our
language understanding accords with her intuitions. This is done by
both -conscious measures (asking subjects for their intuitions ("Did the
before clause happen?”) and unconscious measures, (reading times for

sentences when the ostensible task is to answer a following question).

At the end of the chapter I would like to be able to provide an answer
to the question "Does the indeterminate -factivity of many before
clauses make language understanding more difficult?"” The answer should
give us some valuable information about the nature of the linguistic

representation.

In Chapter 2 I showed that often indeterminacy in the form of a
non-factive before clause was not always remembered at the end of
text. The experiments in this chapter investigated more closly the
nature of non-factivity in before clauses. They 1look at the degree to
which different people perceive before clauses differently
(experiment 6) and whether people perceive clauses as definitely factive
or non-factive or whether instead they perceive uncertainty (experiment
7). They also look at whether sentences take longer to read if they are
non-factive. If factive is a natural reading a sentence continuing from
-a before sentence as 1if it was factive will always be read with ease

and experiment 8 tests this. If not, are factive continuations only
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read faster after sentences perceived as factive while non-factive
continuations are read faster after sentences perceived as non-factive,
(experiment 9) which would indicate equal ease of comprehension of

both factive and non-factive sentences.

EXPERIMENT 6

INTRODUCTION

As discussed 1in Chapter 1, Heinamaki (1974) points out that before
clauses can be factive, non-factive, or intermediate. This experiment
was a preliminary to investigating our comprehension of these different
types of sentences, and was designed to test whether in fact most people

do understand before clauses as having different meanings.

METHOD

Subjects

23 first year psychology undergraduates from Durham University acted as
subjects for this experiment. Ages were between 18 and 24 years. There

were approximately equal numbers of males and females.

Materials

36 sentences were composed, 18 of these sentences were in

main-subordinate clause order, and the other 18 in subordinate-main
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read’ faster after sentences perceived as factive while non-factive
continuations are read faster after sentences pérceived as non-factive,
(experiment 9) which would indicate equal ease of comprehension of

both factive and non-factive sentences.
EXPERIMENT 6
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As discussed in Chapter 1, Heinamaki (1974) points out that before
clauses can be factive, non-factive, or intermediate. This experiment
was a preliminary to investigating our comprehension of these different
types of sentences, and was designed to test whether in fact most people

do understand before clauses as having different meanings.

METHOD

Subjects

23 first year psychology undergraduates from Durham University acted as
subjects for this experiment. Ages were between 18 and 24 years. There

were approximately equal numbers of males and females.
Materials

36 sentences were composed, 18 of these sentences were in

main-subordinate clause order, and the other 18 in subordinate-main
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clause order. Before was the subordinating conjunction in all
sentences. 12 of the sentences were intended to have a subordinate
clause giving a non-factive reading, 12 giving a clearly factive reading

and 12 an intermediate reading. Sentences given in Appendix 6{(a).

Sheets of paper were prepared for the answers giving the numbers 1 to

36 down the left-hand side.

Design and Procedure

Answer sheets were handed out to the subjects, who were then given the
instruction. "Listen to the sentence and question read out to you and
then answer "Yes" or "No" beside the appropriate number on the sheet in

front of you."

The 36 sentences were then read out at normal reading speed, followed
by a question of the form "Did x happen?" (x being the event in the
before clause). For example:

The train crashed before it got to Paddington.

Did the train get to Paddington?

The entire experiment, including giving the instructions, took between 5

and 10 minutes.

Number of "Yes"” and "No" answers were counted for each sentence.

RESULTS

The results are shown in Appendix 6(b). They reveal that, instead of
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falling clearly into the three categories, "Factive", "Intermediate" and
"Non-factive", responses actually formed a continuum of understanding
from sentences where all 23 students believed the before clause to be
factive to those where all 23 believed the before <clause to be

non-factive.
DISCUSSION

This experiment shows that different people understand the before
clauses as factive in different degrees. Before clauses, wﬁen
presented on their own (out of context) are not usually understood as
falling either into a factive band, or a non-factive band with only a
small number being indeterminate between the two. For 86% of the
sentences there was some disagreement between subjects as to the

clause's factivity.

EXPERIMENT 7

INTRODUCTION

The results from Experiment 6 1left me with the possibility that,
although differént subjects obviously had different opinions on the
factivity of the sentences in question, each subject actually saw an
individual sentence as being clearly factive or non-factive. In order
to check on this point a graded scale was devised to allow subjects to

express degrees of uncertainty about factivity.

Because questions about memory for non-factive sentences had been asked
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of both 12-year olds and undergraduates, it was decided to see
whether thesé two groups responded differently to the opportunity to

show uncertainty.

METHOD

Subjects

36 12-13 year old pupils from a Hartlepool Comprehensive School and 36
undergraduate Psychology Students at Durham University (aged 18 to 24
years) participated in this experiment. The number of males and females

in both groups was approximately equal.

Materials

Materials used in this experiment were 48 2-clause sentences where one
clause begins with the subordinating conjunction before; followed by
a question asking if the event 1in the subordinate clause happened.
Sentences were presented in both main-subordinate and subordinate-main
clause order. Sentences were printed on the left side of a page and on
the right-hand side were five columns headed "Yes", "Probably", "Maybe",

"Unlikely" and "No" for example:

Yes |Probably [Maybe |Unlikely| No

She crossed the road before
Peter recognised her.
Did Peter recognise her?

The 48 sentences included the 36 used in experiment 6 and are listed

(with clauses in main-subordinate order) in Appendix 7(a).
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Design and Procedure

All sentences were presented in both main-subordinate and subordinate-
main order. Each subject received only 16 of these sentences, 8 in
main-subordinate order and 8 in subordinate-main order. Presentation

of main-subordinate and subordinate main sentences was alternated.

The sets of 16 sentences were printed on two pieces of paper which
were given out to subjects who were asked to place a tick beside each

question in the column they thought appropriate.

The 12 yr old subjects took part in the experiment in an English lesson
at school, while for the psychology students it formed part of a
first-year practical session. Both groups took between 5 and 10 minutes

to complete the questionnaire and hand it back to the experimenter.

In order to achieve a statistical measure of results, answers were

scored for factivity as follows (Yes= factive, No=non-factive):

No -0
Unlikely -1
Maybe - 2
Probably - 3
Yes -4

These scores were then totalled, so when analysed by sentence, 6
subjects would see each sentence in each form, and a total score would
be between 24 (obtained if all subjects said "Yes" to a sentence) and 0
(if all subjects said "No" to a sentence). A high score thus indicated

a high degree of agreement that the before clause was understood as
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factive. Similarly, when analysed by subject, each subject saw 8
sentences in each clausal order, so if they answered "Yes" to every

question, they would obtain a score of 32, if "No", O.

It was of interest to see how many subjects responded with an
intermediate response, i.e. Not "Yes" or "No". Number of
intermediate scores per sentence were counted.

Sentence (F2) and subject (Fl) analyses were carried out.

RESULTS

Factors analysed were: All sentences

Adults v 12-yr olds
main-subordinate v subordinate-main order

Intermediate scores only

Adults v 12-yr olds
main-subordinate v subordinate-main order

Factivity Score out of possible total of 32z

Main-Subordinate Subordinate-Main Mean

Adults 17.44 15.86 16.65
12-year olds 17.19 15.64 16.42
Mean 17.32 15.75 16.53

Table 7.1-: Difference in factivity scores by subject
according to clausal order and age-group of subject

#(i.e. "Yes" response, scoring 4 for each of the 8 sentences in each
condition seen by each subject - high score indicates more factive)

Table 7.1 gives the total results for both age groups. A comparison

of the scores of adults and children was carried out to see if there was
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any difference in whether the two groups saw the sentences as factive.

This was non-significant (Fl<l, F2<l).

Both groups were more likely to find sentences in main-subordinate
clause order factive than those in subordinate-main clause order
(F1=4.26, df= 2.7, P<0.05; F2=7.84, df=1,47, P<0.01).
All adult subjects and 89% 12-year olds took advantage of the
opportunity to express degrees of certainty (or possibility) about
factivity.
No of Intermediate answers out of possible 6
Main-Subordinate Subordinate-Main Mean
Adults 2.85 2.54 2.70
12-year olds 2.19 2.23 2.21
Mean 2.52 2.39 2.45
TABLE 7.2 : Difference in number of intermediate answers given

according to clausal order and age-group of subject

Table 7.2 shows the mean number of answers falling
categories ("maybe", "probably", and "unlikely"
These were analysed. Clausal order

an intermediate answer (Fl<l1;

result falling into

an intermediate

did not affect the likelihood of

into intermediate

responses).

F2=<1). Adults were more likely to give a

category than 12-yr olds but this

was only significant on F2 (Fl1=2.3; F2=0.63, df=1,47, P<0.01).

Details of raw data appear as Appendix 7(b) and details of analysis as
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Appendix 7(c).
DISCUSSION

This experiment shows that when people read a non-factive before
sentence 1in isolation they experience doubt about its factivity. Both
groups were more likely to see sentences in main-subordinate order as

more factive than those in subordinate-main order. The only
difference was that adults were marginally more likely to perecive the

possibility of an intermediate answer.

This leads to questions of whether this difference in factivity, which
we have shown 1is readily perceived in single sentence presentationg,

affects language processing and, if so, how.
EXPERIMENT 8
INTRODUCTION

We have seen from experiments 6 and 7 that subjects recognise different
degrees of factivity and I suggested that this raises questions about
language processing. I am treating language processing as the building
of a model to represent theAtext heard, and if we take our lead from
Mani and Johnson-Laird (1982) we would expect indeterminate descriptions
to be processed differently frandeterminate ones, i.e. to remain as a

linguistic representation rather than become part of a model.

This experiment was designed to look at this aspect, and used the
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findings of Haviland and <Clark (1974) that a target sentence which
assumes some prior knowledge is read faster if that prior knowledge is
eXpiicitly,stated in a previous sentence than if the previous sentence
does not introduce the relevant knowledge, to predict that the more
factive a before clause, the faster would a second sentence be read

that assumed the factivity of the first sentence.

METHOD

Subjects

16 subjects were used. These were undergraduates from Durham
University. Ages ranged from 18 to 35 years. There were 9 females and

7 males.

Materials

The 36 sentences from experiment 6 were used as test material for this
experiment. In experiment 6 they had been found to form a continuum
from factive to non-factive meanings. The sentences used are 1in

Appendix 6(a) with the results plotted in a continuum in Appendix 6(b).

For each of these 36 sentences, a second sentence was then composed
which was intended to follow naturally from the first sentence if the
before-clause in the first sentence was interpreted factively.
e.g. She went to the seaside before she finished her essay.

The teacher was pleased when she handed it in.

Two lists were arranged so the 36 first sentences were presented in both

-135-




main-subordinate and subordinate-main clausal order, with subjects
receiving half in main-subordinate order and half in subordinate-main
order. The second sentence was the same in both conditions. After the
second sentence a question which required a "Yes" or "No" answer was

asked to ensure the subject's continued attention.

A full set of materials appears as Appendix 8/9(a).

Design and Procedure

A self-paced reading time task was used in a repeated measures design.
Half the subjects received the first 18 sentences 1in main-subordinate
clausal order and the second 18 sentences in subordinate-main clausal
order. The remaining subjects received the first 18 sentences in
subordinate-main clausal order and the second 18 sentences in

main-subordinate clausal order.

In order to prevent expectations being built up the experiment was run
in conjunction with a similar reaction time one, where 32 sets of three
sentences followed by a question were presented. The sets of sentences

from the two experiments were presented to the subjects at random.

A practice series of 11 sets of sentences similar to those in both

experiments was provided.

Subjects were tested individually and asked to sit in front of a
computer screen and place their hands on the keyboard so that their

thumbs were on the  space bar and the forefingers of each hand over
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two keys labelled "yes" and "no". They were told to read the sentences
carefully as they appeared and press the space bar when they had read
thé sentence. They were told this procedure would be timed but the

most important thing was that they should read the sentences carefully.

Sentences were presented on a BBC Microcomputer. Subjects were
instructed to press the space bar to obtain the first sentence, when
they had read it to press the space bar again for the second sentence to

appear. When they had read this they should press the space bar again

n "

and the question would appear. The question required a "yes" or no

answer and subjects were required to press the "yes" or "no" key.

During presentation of the 11 practice sets the experimenter remained
with the subject to ensure that the instructions were fully understood
and then withdrew before the main part of the experiment began.

Subjects took 20-25 minutes to complete the whole experiment.

Time between the appearance of the sentence on the screen and the
subject pressing the space bar was measured in mijliseconds for both
sentence 1 and sentence 2. As the question was only asked to maintain
the subject's attention reading time information and details of answers
were not analysed. As there were different numbers of words in the test

sentences reading rates were used to analyse the data.

Sentences were ranked according to their factivity as follows: Where 23
of the subjects in experiment 6 answered "no" to the question "Did .....
happen?" it was ranked 1. Where 23 subjects answered yes to the question

"Did ..... happen?" it was ranked 36. A rank of 1 thus meant a low
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dégree.of factivity and a rank of 35 a high degree of factivity. (In
Appéndix 6(a) the sentences are shown ranked as above, with those in the

same place on the “"factivity index" bracketed together.)

RESULTS

The results were analysed in a 2 (sentence position) x 2 (clausal order)
analysis of wvariance. Data were analysed to see whether clausal
order caused any difference in reading time overall. Also to see
whether non-factive sentences had slower reading times than factive
ones, either when blocked together or correlating with the continuum of
factivity already found. Response times were also examined to see if

there was any interaction between clausal order and factivity.

Sentence-Differences

The overall mean in each of the categories is given in Table 8.1.

lst sentence 2nd sentence Total
main-sub order 3.72 4.39 4.01
sub-main order -3.43 4.10 3.77
Both clause orders 3.58 4.25 3.89
]

Table 8.1: Mean Reading Rates for first and second
sentences according to clausal order (wps)

The first sentence (mean reading rate 3.6 wps) was always read more

slowly than the second sentence (mean reading rate 4.3 wps) (F1=11.23,
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df=1,15, P<0.005; F2=17.91, df=1,35 P<0.0003).

First sentences were read more quickly in main-subordinate order than in
subordinate-main order, but this difference was not significant

(F1=2.88; F2=2.39).

Second sentences were also read more quickly when the first sentence was
in main-subordinate order and although not significant by subject (Fl<l)

this was marginally significant by sentence (F2=3.07, df=1,35, P<0.1).

It should be noted that where main-subordinate and subordinate-main
differences are shown, whether in sentence 1 or 2, they refer to the
clausal order in sentence 1 (sentence 2 is not a 2-clause sentence and
results are only analysed in these two conditions to see if there is an

effect of having different clausal orders in the previous sentence).

Factivity Differences

For the calculation of correlations for this experiment, only
by-sentence analysis (F2) was possible because subjects received each

sentence on the “"factivity index" only once.

Pearson's correlation co-efficient was calculated using SPSSX to
correlate the reading rates for the 1st and 2nd-sentence with the
factivity index calculated as described above. The correlation has been
calculated on the basis that the lowest score {(most non-factive
before clause) would correlate with the slowest reading rate and the

most factive with the fastest reading rate. The correlations are shown
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in Table 8.2:

Sentence 1 Sentence 2
main-sub sub-main {combined main-sub sub-main combined
-0.03 -0.15 -0.09 0.26 0.24 0.27
P=0.4 P=0.2 P=0.3 P=0.09 P=0.08 P=0.06

Table 8.2: Sentence 1 and Séntence 2 correlations with factivity score

There was no significant correlation between sentence 1 and the
factivity index, neither for main-sub (r=-0.03) nor sub-main (r=-0.15)
nor for both clausal orders together (r=-0.09). With sentence 2,
while neither clause order individually correlated with the factivity
index - main-subordinate (r=0.26): subordinate-main (r=0.24), when the
two clause orders were combined there was a marginally significant

correlation with the factivity index, (r=0.27, P<0.06).

A second analysis was performed taking the first 12 of the 36 sentences
on the factivity index and grouping them together as "non-factive" and
the last 12 of the 36 sentences and grouping them together as
"factive" and comparing these two groups. Clause orders were

combined.

Results are given in Table 8.3 below:
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Sentence 1 Sentence 2 ‘Both

Non-factive_ 3.83 4.09 4,01
Factive 3.72 4.62 4.17
Mean 3.78 4.36

Table 8.3: Means of reading rates for sentences 1 and 2
divided into factive and non-factive (by subject)
"Factives" were read faster than "non-factives". This was not
significant on F2 (F2<l) but was significant on Fl (F1=5.4, df=1,15,

P<0.05). There was no interaction with sentence (Fl<l; F2«<l).

Details of raw data appear in Appendix 8(a) and details of analyses

appear in Appendix 8(b).
DISCUSSION

The results show that, although the second sentence was always read
faster than the first, this difference was dgreatest when the first
sentence was in main-subordinate order. Although sentence 1 did not
correlate with the factivity continuum sentence 2 did. Comparing block
of most factive before sentences with most non-factive, produced

faster reading times both for sentence 1 and for sentence 2.
Although sentence 2 was read faster than sentence 1 overall, the

difference was much greater after sentences from the most factive group

‘than after those from the most non-factive group. |
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There are two possible explanations for the faster reading times for
sentence 2, (1) factivity is the "normal" case and therefore always
expected and always will 1lead to quicker reading time for the
continuation sentence, (2) factivity and non-factivity are both likely
and a sentence intended to follow a non-factive reading of sentence one
will produce opposite effects to those found here, i.e. be read faster

after non~factive clauses and slower after factive ones.

EXPERIMENT 9

INTRODUCTION

This experiment was a replication of experiment 8 with the addition of a
contrasting condition, where sentence 2 would confirm a non-factive

reading of the first sentence.

METHOD

Subjects

20 subjects were used. These were undergraduates from Durham
University. Ages ranged from 18 to 35 years. There were 11 females and

9 males.

Materials

The 36 sentences from experiment 6 were again used as test material for

this experiment. Sentences were ranked according to their factivity in
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the samé:way'as in Experiment 8. A rank of 1 meant a low degree of
factivity and a rank of 35 a high degree of factivity. (In Appendix 6(a)
the*sgn@gpqes used are shown, ranked as above, with those in the same

place on the "factivity index" bracketed together.)

For each of these 36 sentences, two continuations a sentence long
were composed, one of these was intended to follow naturally from the
first sentence 1if the béfére—claﬁse was interpreted factively (as in
Experiment 8) and one which was intended to follow naturally from the

first sentence if the before-clause was interpreted non-factively.

e.g. She stopped crying before she reached the shops.

She bought a cream cake to cheer herself up. (factive)

She turned round and went to see Julie instead. (non-factive)
The 36 first sentences were then altered to produce two lists.
All sentences would be presented in both main-subordinate and
subordinate-main clausal order, with subjects receiving half
main-subordinate and half subordinate-main. Half the sentences in
each clausal order were presented with factive continuing sentences and
the other half with non-factive continuatioens, giving four conditions.

The full set of materials is shown in Appendix 8/9(a).

Design and Procedure

A self-paced reading time task was used in a repeated measures design
with four conditions as under:
first sentence main-subordinate order - second sentence factive

first sentence main-subordinate order - second sentence non-factive
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first sentence subordinate-main order - second sentence factive
first sentence subordinate-main order - second sentence non-factive

Each subject received 9 sentences from each condition,

At the end of the second sentence a question was asked which required a
"Yes" or "No" answer. This question was asked to ensure the subjects’
comprehension and answers were not reported. For example:

She took her dog to the kennels before she went on holiday.

She went to Turkey and then flew to Italy.

Did she have a cat?

No filler sentences were used - the 36 sentences were presented to the

subjects at random. A practice series of 6 sets of sentences similar to

those in the experiments was provided.

Subjects were tested individually. They were asked to sit in front of a
computer screen and place their hands on the keyboard so that their
thumbs were on the space bar and the forefingers of each hand over
two keys labelled "yes" and "no". They were told to read the sentences
carefully as they appeared and press the space bar when they had read
the sentence. They were told this procedure would be timed but that the

most important thing was that they should read the sentences carefully.

Sentences were presented on a BBC Microcomputer. Subjects were
instructed to press the space bar to obtain the first sentence, when
they had read it to press the space bar again for the second sentence to
appear. When they had read this they should press the space bar again
and the question would appear. The question required a "yes" or "no"

answer and subjects .were required to press the "yes" or "no"” key.
Y
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buring presentation of the 6 practice sets the experimenter remained
with the subject to ensure that the instructions were fully understood

and then withdrew before the main part of the experiment began.

Time between the appearance of the sentence on the screen and the

subject pressing the space bar was measured in miliseconds.

Data were analysed to see whether claus§1 order caused any difference in
reading time overall. Also to see whether non-factive sentences had
slower reading times than factive ones, either when the 12 most
factive and 12 most non-factive were blocked together or when correlated
with the continuum of factivity already found. Reading times for the
.two types of continuation were examined to see if they varied with the

difference between factive and non-factive first sentences.

It should be noted that where "main-subordinate" and
"subordinate-main" labels are used for either sentence 1 or 2, they
refer to the clausal order in sentence 1 (sentence 2 1is not a 2-clause
sentence and results are only analysed in these two conditions to see if
there 1is an effect of having different clausal orders in the previous

sentence).
RESULTS

Sentence differences

The results were first analysed in a 2 (1lst or 2nd sentence) x 2
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(sentence 1 in main-subordinate or subordinate-main clause order)

analjsis of variance and the resuylts are given in Table 9.1 below:

Clausal order 1st sentence 2nd sentence Total
of sentence 1 {mean of both
conditions)
main-sub order 3.47 4.32 7.79
sub-main order 3.49 4.23 7.72

Table 9.1: Mean Reading Rates for first and second sentences
according to clausal order of sentence 1
The first sentence (mean reading rate 3.48 wps) was always read more
slowly than the second sentence (mean reading rate 4.27 wps) (F1=65.5,

df=1,19, P<0.001; F2=56.16, df=1,35, P=0.001).

There was no difference between the two different clausal orders in the
first sentence (Fl<l; F2<0). Nor was there a significant difference
between reading time for either of the two conditions of sentence 2
(those intended to follow a factive reading of the first sentence and
those intended to follow a non-factive reading of the first sentence)

and the clausal order of sentence 1 (Fl<l; F2<l1).

Factivity Differences

For the calculations of correlations for this experiment, only
by-sentence analysis (F2) was possible because subjects received each

sentence on the "factivity index" only once.
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Reading rates for the first and second sentences were correlated wifh

the factivity ranking of the first sentence as described above.

Pearson's correlation co-efficient was calculated using SPSSX and the

results given in Table 9.2 below.

Sentence 1

main-sub sub-main Both together
-0.03 0.16 -0.01

p=0.4 p=0.2 p=0.5

Table 9.2: Correlations betwéen senterice 1

reading rates and "factivity index"

There was no significant correlation between reading rate for sentence 1

and the factivity index (main-sub, r=-0.03, sub-main 1r=0.16, both

clausal orders r=-0.01).

Sentence 2 correlations are shown in Table 9.3, below:

Factive Non-Factive
main-sub sub-main| combined main-sub sub-main combined
0.31 0.26 0.32 -0.14 0.03 -0.07
P=0.03 P=0.06 |P=0.03 P=0.20 P=0.42 P=0.33

Table 9.3: Factive and Non-Factive Second Sentences - correlations

with factivity score.-

From Table 9.3 it can be seen that although the correlations are usually

in the expected direction (the non-factive continuation following a

subordinate-main order sentence 1 being the  exception supporting the
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idea that subordinate-main order_more likely to be assumed factive)

these only reach significance for the factive continuations.

The prediction was that a positive correlation would be obtained where
the second sentencé confirmed the factive reading (i.e. slowest reading
time would be for the sentence following the first sentence judged m§st
non-factive) and a negative correlation would be obtained where the
second sentence confirmed the non-factive reading, 1i.e. fastest reading
time would be for the sentence following the first sentence judged most

non-factive.

A second analysis was performed using a similar procedure to that used
in experiment 8, by taking the first 12 sentences from the continuum of
36 sentences to form a "non-factive" group, and the last 12 sentences
from the continuum to form a "factive" group. The two conditions in
Sentence 2 were treated in a similar way to give factive/non-factive
groups. An analysis of wvariance was calculated with just these 24
sentences (those most clearly either factive or non-factive). The means

for the first sentence are shown in Table 9.4 below:

factive non-factive mean

lst sentence 3.5 3.7 3.6

Table 9.4: Differences between factive and non-factive
reading rates for sentence 1

There was no significant difference between the factive and non-factive

groups for sentence 1, (F1=2.07, F2<l).
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The Means for the second sentence are shown in Table 9.5 below:

2nd sent 2nd sent

factive non-factive

reading reading Mean
1st sent
non-factive 3.8 4.5 4.1
1st sent
factive 4.4 4.3 4.4

4.1 4.4 4.3

Table 9.5: Differences in reading rates between factive/non-
factive second sentences according to factivity/
non-factivity of first sentence

Those second sentences confirming factive readings were read more
quickly than those confirming non-factive readings. This difference was
significant by subject but not by sentence (F1=8.47, df=1,19, P<0.01;

F2=2.0).

There was a significant interaction between those second sentences
intended to confirm a factive and those intended to confirm a
non-factive meaning for sentence 1 and the factivity of sentence 1

(F1=22.40, df=1,19, P<0.0005; F2=8.3, df=1,23, P<0.005).

This indicates that when a non-factive sentence is followed by a
sentence continuing the non-factive reading, the second sentence is read
more quickly than if it continues a factive reading. By contrast, both
factive and non-factive continuations are read quickly when they follow

a factive sentence.
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Using the 24 most factive and non-factive sentences only, an analysis of
variance was carried out to see 1if there was an interaction betweeéen
clausal order of first sentence and 2nd sentence confirming

factive/non-factive reading and the means are given below in Table 9.6:

2nd sentence 2nd sentence
Confirming Confirming Mean
factive reading non-factive reading
1st sent
sub-main 4.2 4.2 4.2
lst sent
main-sub 4.0 4.6 4.3

Table 9.6: reading rates for 2nd sentence confirming factive/non-

factive reading according to clause order of lst sentence.

The interaction between  whether the 1st sentence  was in

subordinate-main or main-subordinate clausal order and whether the

second sentence was intended to confirm the factive or non-factive
reading of this sentence, was significant (F1=3.63, df=1,19, P<0.1;
F2=6.04, df=1,22, P<0.05). This shows that non-factive continuations
were read faster after a first sentence in main-subordinate order,
suggesting main-subordinate order more compatible with non-factivity,

and subordinate-main sentences with factivity.

Details of raw data are attached as Appendix 9(b) and details of

analyses are attached as Appendix 9(c).
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DISCUSSION

Results show that the first sentence was read more slowly than second,
and 1its clausal order did not affect its reading time, nor that of
sentence two in either condition. There was a correlation between the
factive 2nd sentence and the factivity continuum but none between
continuum and first sentence nor continuum and non-factive 2nd
sentence. Comparing the blocks of the 12 most factive sentences with
the 12 least factive, showed that when a non-factive sentence is
followed by a sentence continuing the non-factive reading the second
sentence is read more quickly than if it continues a factive reading.
By contrast both factive and non-factive continuations are read quickly

when they follow a factive sentence.

When we hear a before sentence which is apparently factive it seems we
read a second sentence taking it as non-factive just as quickly as one
which gives it a factive reading. A non-factive first sentence however,

seems to slow down reading time for a continuation which is factive.

Non-factive continuations were read faster after main-subordinate order
sentences than after subordinate-main sentences (suggesting
main-subordinate condusive to non-factivity) whereas factive

continuations were read equally fast after both clause orders.

GENERAL DISCUSSION

: From the experiments - in this chapter I have suggested that factivity is

not an all-or-nothing phenomenon in a given sentence. We understand
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different degrees of factivity and accept there is uncertainty in many
sentences. At present it is difficult to know how this indefiniteness

is represented in a discourse model.

The indeterminacy of many before clauses appears to make language
Understanding more difficult 1in that factive sentences are more quickly
understood than non-factives. The finding that continuations from
before sentences are understéod equally quickly for the two types of
sentence, as long as the continuations are consistent with the factivity
bias of the first sentence, indicates that the construction of the

representation is not impeded for long by the slight uncertainty.

Given the right context any sentence with a before clause can be read
as non-factive, for example "She made the tea before Peter arrived" can
be followed with "and then the phone rang to say his mother had been
taken 1ill and he was not coming”. In this case Peter does not arrives,
the before clause 1is non-factive and from the results of experiment 9
it would seem we are not taken by surprise by this. After a
factive before sentence the continuation, sentence was read just as

quickly whether it took the before as occurring or not occurring.

However, the non-factive sentences in these experiments were very
clearly non-factive without the necessity for any extra contextual

detail, sentences where, as Heinamaki pointed out, the main clause was
sufficient to prevent the occurrence of the subordinate clause. After
such a sentence the factive continuation often seemed very off and this

took a longer reading time.
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The'eXperiments described in this chapter do not supporf a constént
relationéﬁib bétwaen clause order and factivity° Experiment 7‘showed
Athéfrméiﬁ;sugordinate order sentences are thought to indicate factivity'
more often than subordinate-main ones - but this is when subjects are
forqed to consider the issue and make a firm decision. From experiments
8 and 9 it appears that when simple reading tasks are performed

main-subordinate order sentences suggest non-factivity.
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CHAPTER IV - SALIENCE

GENERAL INTRODUCTION

Sanford, Moxley and Barton (1990) claim "A technique‘for determining
what is in focus following a given utterance is to invite people to
write the next sentence following the utterance. If reference back to
certain characters, objects, events, etc, ocurs 1in a systematic way,
then those things are said to be 1in focus. " They wuse this technigque
with quantifying expressions to determine which set (those of which the
predicate is true and those of which it 1isn't) 1is in focus.
Continuations thus show the preferred focus pattern and this chapter
concentrates on this in order to explore further the nature of
non-factive before sentences and other wider issues concerned with

temporal connectives.

Continuation experimenﬁs might help us answer questions about what
aspect of language guides us in the construction of a story, and this in
turn would indicate what we would expect to be the subject of the
continuation of a sentence when we are processing (either reading or

listening to) a piece of text.

It is possible that the choice of continuation of a two clause
sentence is guided by syntax (i.e. either main or subordinate clause, or
order of mention), by semantics (i.e. by real world order of the two
events described) or by our model which combines the description of the
situation with our general knowledge of the usual outcome of the

situation described by the sentence.
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When vérying degrees of factivity are involved, as with before
sentences, it seems likely that this will influence the nature of the

continuation.

The idea that before does not end up in linear order is a useful way of
dealing with frequent non-factivity of before clauses  but
possible evidence against this would be if the clause ever forms the
basis of the story 1line in the next sentence. 1In sentences with
non-factive before clauses, do sentences always continue from the main
clause or do they sometimes follow from the subordinate clause? This
chapter investigates this and also attempts to answer whether this 1is

different for when, before and after and whether there are

differences between continuations from factive and non-factive before

clauses?

EXPERIMENT 10

INTRODUCTION

Experiment 10 tests some preliminary ideas about sentence continuations
from before sentences, looking to see if the perceptible differences
between different types of before clause lead to regular

differences in continuations.

Young subjects were chosen to see if they had problems with
understanding the non-factivity of some of the clauses, which was a.

possibility indicated by the memory experiment in chapter 2.
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METHOD

Subjects

26 12-13 Year old pupils from a Hartlepool Comprehensive School acted as
subjects for this experiment. There were approximately equal numbers of

females and males.
Materials
8 short passages (7-8 lines 1long) were constructed. The last sentence

in the passage was a 2-clause sentence with the subordinate clause

beginning with before. The sentences were designed so that

2 had factive before clauses

e.g. She cooked dinner before she went swimming.

2 had non-factive before clauses

e.g She struggled and escaped before they could put the handcuffs on.

2 had before clauses whose factivity was "immaterial”
e.g She slipped through a hole in the hedge before a teacher came

out.

2 had before clauses which were neutral between factive and
non-factive

e.g. She crossed the street before he recognised her.

These four types of sentence were present in four different ways.
1. One sentence

(a) subordinate-main order (For example, "Before he recognised -
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her she crossed the street.")
(b) main-subordinate order (For example, "She crossed the
street before he»recognised her.")
2. Each of the two clauses forming a separate sentence, giving a
2-sentence equivalent of
(a) subordinate-main order (For example "He recognised her.
Before that she crossed the street.")
{b) main-subordinate order {For example, "He recogniseéd her.
Then she crossed the street.”)
It should be noted that changing a one sentence prompt into a two
sentence prompt involved resolving any ambiguity in the Before clause,

i.e. making it either factive or non-factive.

Full details of materials used are given in Appendix 10(a).

N

Design and Procedure

The experiment took place as part of an English lesson and subjects were
handed the materials and told "Please complete the passages in any way

you feel appropriate”.

Subjects received all eight passagés, organised so that they received
two of each of the four types of final sentence. These were presented on
two pages, four passages to a page with passage followed by two blank

lines.

The continuations so obtained were divided into the following

categories:
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Main Clause continuations

{a) The major part of the sentence came from the main clause with né
mention of subordinate clause (For example Text: "She struggled and
escaped before they could put the handcuffs on." Continuation: "She ran
and they ran, she tripped up the curb and the police caught up to her

and took her to the station."

(b) The major past of the sentence came from the main clause with later
mention of subordinate clause (For example Text: "Before she went
swimming she cooked dinner." Continuation: "After she cooked dinner she
washed up and the doorbell rang. It was June so she got her things and

went off to the baths.")

(c) The major part of the sentence came from the main clause with
something mentioned in subordinate clause brought 1in obliquely later
(For example Text: "She struggled and escaped before they could put the
handcuffs on." Continuation: "As she ran she stumbled and the crowd

held her down until the police arrived to handcuff her.")

Subordinate clause continuations

{(a) The major part of the sentence came from the subordinate clause with
no mention of main clause (For example Text: "She crossed the street
before he recognised her.” Continuation: "She didn't want him to
recognise her because she was going to marry him a few years before, but

she ran off with someone else instead.")

(b) The major part of the sentence came from the subordinate clause
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with later mention of main clause (For example Text: "She bumped into‘a
teacher before she ate the icecream.2 Continuation: "Unfortunately the
cornet flew out of her hand and hit the teacher in the face. She stared
at the teacher wiping icecream off her face for a while then she ran

back into the shop.")

Other
(a) Major part comes from neither clause, instead continuation comes
from someting mentioned in the text prior to the sentence (For example
Text: "He took the bread out of the oven before it burnt.”
Continuation: "He finished all the jobs and sat down for tea. After tea

he watched a good film them went to bed.")

(b) Major part comes from neither clause with something mentioned in
subordinate clause brought in obliquely later (For example Text: "She
got the washing in before it started raining.” Continuation: "She tried
to close the door but it was Jjammed and 1letting the rain in. The

washing was still damp so it had to be put in the tumble drier.")

{c) Major part comes from both clauses (For example Text: "She got the
washing in before it started raining. Continuation: "She gave a sigh of

relief and started hanging the washing up inside the house".)

RESULTS

These results were analysed by sentence only. By-subject analysis was

not possible as subjects only received two sentences in each of the four

-159-



"before>categories in each of the four syntactic conditions.

A preliminary analysis was carried out and showed no difference for
results from the one and 2-sentence conditions (F2<1) and that this
factor was not involved in any interactions. One- and two-sentence

data was therefore combined for the following tables.

Overall means can be seen in Table 10.1 below. Because number of
subjects varied between conditions, percentages were calculated and used

for comparison.

|

% Main-subordinate | subordinate-main Mean
‘Main clause %
: continuation | 54% 80% 67% i
| ’
ESub clause f
¢ continuation : 40% 11% 26%
i |

Table 10.1: Interaction between clause order of sentence and
clause from which continuation comes (percentages)

From observation of the above +table it can be seen that there were many
more continuations from the main clauses than the subordinate

clauses.

Inspection of Table 10.1 1indicates that there 1is an interaction

between the number of main clause continuations and the clausal order of
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sentences. This arises because there are more subordinate clause -
continuations after main-subordinate order and more main clause
continuations after subordinate-main order, 1i.e. there is a main-clause

cogtipuaﬁion strategy overlaid by a last clause continued strategy.

Table 10.2 shows the results divided into the 4 different categories of

before.

3 ! | l

; | Non-  Immaterial {Neutral |Factive :Overall

! | factive 4 ! ! Means

: ! ; -,

'Continuations from

. Main Clause | 87% ,  60% - 64% = 56% @  66% |
Subordinate C1: 0% 21% 30% 428 23% |

B
1

Table 10.2: Interaction between type of before clause and clause
continuation from
From inspection of the above table it can be seen +that there was a
different pattern of continuation from main or subordinate clause
depending on the type of before sentence. This arose because sentences
containing a non-factive before clause had no subordinate clause
continutations. The number of subordinate clause continuations rose as
the sentence became more factive to the factive sentences where there
were an almost equal number of continuations from the main and

subordinate clause.

See Appendix 10(b) for Table of raw data.
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DISCUSSION

The results showed that overall more continuations came from the main
clause, but this was especially the case when sentences were in
subordinate-main order. More non-factive than factive sentences led to

main clause continuations.

The number of main-clause continuations supports Partee's idea that
linear narrative continuing from the main clause is the ‘'unmarked’
preference, but the interaction of this with clause order, so that more
main clause continuations came from sub main order sentences, and more
subordinate continuations came from main-sub sentences indicates that
the order in which events are mentioned in the text or the order
of the clauses influences the likelihood of a continuation from the main

or subordinate clause.

Although it was disappointing that no difference was found with various
categories of before it is perhaps not surprising in view of the small
number of sentences in each category and my next experiments will need
to increase the numbers and compare these results which were for 12-year
olds with those of adults. The fact the majority of ncn-factive
sentences led to main clause continuations reinforces our intuition that
an event rather than a non-event will be salient material for the next
sentence. The number of occasions where I detected an obligue mention
of the subordinate clause subject in later material indicates that this
may well still form part of the representation, and be available for

easy reference.
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EXPERIMENT 11

INTRODUCTION

The previous experiment was with 12-year olds and included only two
sentences in each of the categories of before clauses. In this
experiment 8 sentences were included in each category and the subjects

were adults.

In order to investigate the importance of temporal order in the
linguistic description, additional sentences contained two clauses

conjoined by after.
METHOD
Subjects

16 psychology undergraduates acted as subjects for this experiment.

There were 8 males and 8 females. Ages ranged between 18 and 25 years.
Materials

Two event sentences were composed using before and after as
subordinating conjunctions. The full set of sentences 1is given in

Appendix 11(a). There were 40 sentences in all, including the 8 that

were used in experiment 5 and these fell into the following categories:
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8 sentences where the before clause was non-factive e.g. She caught the
ball before it hit Mr Todd's greenhouse.

8 sentences where the before clause was immaterial e.g. They left the
country before there was a civil war. (It is not known - and
immaterial - whether a c¢ivil war occurred)

8 sentences where the before clause Wwas neutral e.g. The phone
rang before she sat down.

8 sentences where the before clause was factive e.g. She fed the
chickens before she milked the cows.

8 sentences using after e.g. She decided to go swimming after she

finished work.

Each subject received all 40 sentences, but subjects 1 to 8 received the
first 4 out of every set of 8 in main-subordinate clause order and the
second 4 out of every set of 8 in subordinate-main clause order.
Subjects 9 to 16 received the fi;st 4 out of every set of 8 in
subordinate-main clause order and the second 4 out of every set of 8 in

main-subordinate clause order.

Design and Procedure

This was a repeated measure design.

The 40 sentences were printed in random order on paper, allowing 5 lines
between each sentence to give subjects space to write a continuation.
The experiment took place in the first year practical laboratory after
a practical lesson and subjects were handed a printed booklet containing

the sentences (five pages in all), and given the instructions "Please
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write another sentence which continues the ones given as naturally as

possible”.

The continuations so obtained were assesed by two judges as falling
into four categories:

Those where continuation followed from main clause

Those where continuation followed from subordinate clause

Those where continuation followed from both clauses

Those where continuation followed from neither clause
The continuations from both and neither <clauses were excluded from the
analysis which therefore only contains information about continuations
clearly from the main clause or the subordinate clause.

RESULTS

All sentences

The first comparison was a one-factor analysis of variance which
confirmed first perusal of the data, that from all types of continuation
sentences, in both clause -orders, continuations are more likely to come
from‘the maih»clause (4.08 out of a possible 8) than the subordinate
clause (1.43 out of a possible 8) (F1=73.7, df=4,60, p<0.001; F2=54.4,

df=1,35, p<0.00001)
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- Before sentences

‘Results for before sentences only were analysed in a 2 (clause order) x
2 (clause from which continuation continued) x 4 (type of before)

analysis of variance. By-subject means are shown in Table 11.1 below:

To Main To Sub Mean

main-sub sub-main main-sub sub-main

non-factive 2.0 1.8 0.7 0.4 1.2
immaterial 1.9 2.6 0.9 0.6 1.5
neutral 1.4 1.8 1.1 1.1 1.4
factive 1.6 2.8 1.1 0.3 1.4
Means 1.7 2.3 1.0 0.6 1.4

Table 11.1: By-subject means for different types of before sentences
by clausal order and clause continuation continues from
(continuations to "both" or "neither” clause excluded)
For all types of before where continuations were classed as to main
or sub clause only more sentences were continued to the main clause than

to the subordinate clause (F1=46.75, df=1,28, P,0.0001; F2=40.63,

df=1,28, P<0.0001).
There were no significant main effects for clausal order (Fl1=2.6,
df=1,13; F2<1, df=1,28) but a marginally significant Fl effect of

type of before (F1=2.50 , df=3,45 P<0.1; F2=1.04, df=1,28).

However, there was an interaction between clausal order of the sentence

and the clause the continuation continued from (F1=6.9, df=1,15, P<0.05;
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F2=8.76, df=1,28, P<0.01). Results are given in Table 11.2 below.

main-sub

sub-main

to main
to sub

3.5
1.9

4,6
1.1

Table 11.2: Interaction between clauSe order and
clause from which continuation came

The last mentioned event, whether

in a main or subordinate clause, is

more likely to give rise to a continuation from that event, even though

this does not override the fact that main clause continuations are more

likely.

There was a significant interaction on F1 between clause from which
continuation continued and type of before (F1=3.03, d4f=3,45,
P<0.05; F2=1.57, df=1,28).
This can be seen in Table 11.3 below:
to main to sub mean

Non-factive 1.91 0.53 1.22

Immaterial 2.28 0.75 1.52

Neutral 1.63 1.13 1.38

Factive 2.22 0.66 1.44

Mean 2.01 0.77 1.39

Table 11.3: Interaction between type of before
and clause from which continuation came
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This can be seen more clearly’from the following hiStOgrah (Table 11.4).

! Irm Factive
3 _d

b

| Non-fact

H

t
2 | Neutral

|

f

1

|

|
1 _ |

13

|

i

i

]

1

! .

Main Sub Main Sub Main Sub

Main Sub
Table 11.4: Interaction between type of Qefbre'ahd

clause from which continuation came -

This shows that the preference to continue the main clause was greatly

reduced in the neutral sentences.

After and Factive Before Sentences

After and factive before results were analysed in a 2 (after vs
before) x 2 (clause order) x 2 (clause from which continuation
continued) analysis of wvariance and the results are given in Table
11.5 below:
Before After Mean,
main-sub sub-main main-sub | sub-main
to main 3.2 5.6 4.0 4.6 4.4
to sub 2.1 0.5 1.1 1.3 1.3
2.7 3.1 2.6 3.0 2.9

Table 11.5: Interaction between clause‘order and clause

from which continuation came showing after and
factive before sentences separately
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There is no main effect of after vs before (Fl<l, df=1,15; F2<1,
df=1,14). However there 1is a main effect of clause order (Fl=4.35,
df=1,15, P<0.06; F2=4.67, df=1,14, P<0.05), together with a main effect
of clause from wﬁich continuation continues (F1=68.35, df=1,15,
P<0.0001, F2=39.23, df=1,14, P<0.0001) as there are more continuations
from subordinate-main order and more continuations continuing from main

clause.

These effects interact with the two connectives however as after
shows less effect of clausal order and shows only the preference for

main clause order (Fl=7.4, df=1,15, P<0.05; F2=7.2, df=1,1,14, P<0.05).
Raw data is given in Appendix 11(b) and analyses in Appendix 1l1l(c).
DISCUSSION

The results showed that, once again, main clause continuations are most
likely but that with before, this is modified by a tendency to
continue from 1ést mentioned event. This tendency was more apparent in
neutral before sentences than 1in other kinds of before sentences.
After sentences show less effect of clausal order, with similar
numbers of main clause continuations coming from both main-subordinate

and subordinate-main clauses.

We have clear support from this experiment that while continuation
nd;malxy:comesAkfrom the main clause this is by no means always the case

and two of .'the féctors that affect this are the order of mention of the
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two events in before sentencés and the type of the before clause.

With after sentences continuations are overwhelmingly from the main

clause (which 1is the second event in real time).

With before sentences it is easier to see the effect of linguistic
order, as it attains statistical significance. Continuations are
more often from the main clause (which is the first event in real time)
but this is reduced when sentences are in main-subordinate order, i.e.
second event in real time is also last mentioned. That is, there are

more continuations from subordinate clause in main-subordinate order.

The influence of type of before is subtle, which is not surprising
considering that four rather crude divisions have been made in what I
found in chapter 3 to be a continuum of meaning, where indeterminacy
appears to abound in the single sentence. What we do see, however is
that neutral before clauses are influenced by the order of events in
the world and show no preference to continue with the main clause. 1In
neutral cases the subject seems to continue in such a way as to clarify

the indeterminacy of the neutral clause.

Often when the continuation continued from the subordinate clause it
seemed to be to establish the factivity or non-factivity of the

subordinate clause.

Many subjects, when asked for a new sentence, continued the old one by
using a conjunction, so, but, and... This made me wonder how many of

this type of sentence would stand on their own in natural text. People
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seemed to want to set a scenario and used the continuation as

opportunity to give a reason for the two events in the given sentences.

EXPERIMENT 12

INTRODUCTION

This experiment was designed to tease out some of the different factors
which affect which clause of a sentence forms the basis of the next
sentence. These factors were obscured 1in previous continuation
experiments by attempts to investigate the different degrees of
factivity in before sentences. It was felt that some clear distinction
should be made between different possibilities.

a) Sentences always continue from main clause

b) Sentences always continue from last event mentioned

c) Sentences always continue from latest event happening in the world

described

Previous -experiments had shown that all three of these factors were
involved but it would not be possible to predict from one sentence
whether the continuation would continue from the main or subordinate
clause. It seems to me that this cannot be done without some notion of
the salience of different parts of the text. In this experiment however

I further investigate the effects of the above three factors.

1t was-hoped that the use of after, before and when to manipulate

‘temporal order in- thé world described would help because, although

théfv serve  various purposes in language, after and before do,
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often, Wérk in opposite ways to descfibe the temporal order of ‘events,
and Eﬁéﬂ is most commonly thought of conjoining two co-temporal events.
(éfggi probébiyr‘has a role in 'fﬂe drawing of boundaries between
different areas of focus; before clauses form a continuum from factive
to non-factive, and when- -clauses are often ambiguous as to
exactly which point of the "nucleus" event described by the when

clause they refer.)
METHOD
Subijects

20 undergraduate psychology students at Durham University volunteered to
be subjects for this experiment. There was an approximately equal

number of male and female subjects, and ages ranged from 18 to 24 years.
Materials

24 sentences were composed which described two events which should occur
in a clearly defined order, each event having a different actor. In each
sentence both actors were of the same gender. A continuation was
required beginning with the appropriate third person pronoun for that

gender, i.e he... or she...

For example, the two events, "Jane bought a card and Mary wrote it"
could be described
1. Jane bought the card before Mary wrote it. She..

2. Before Mary wrote the card Jane bought it. She ..
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3. Maty wrote the card after Jane bought it. She..

4. After Jane bought the card Mary wrote it. She..

Twelve sentences were also composed which described two events conjoined
by when. Theée'were presented to subjects in either subordinate-main
or main-subordinate clause order.

5. When Sharon apologised Jenny took no notice. She..

6. Jenny took no notice when Sharon apologised. She..
Full details of material appear as Appendix 12(a).

Design and Procedure

Subjects were required to give completions to sentences following a

two-clause sentence conjoined by before, after or when. With before

and after sentences, each subject received 6 sentences in each of the
four possible forms described above, and with when sentences, each

subject received 6 sentences in both orders.

4 lists were compiled, each of which contained 36 sentences and 5
subjects saw each list. Subjects were asked to complete the sentences

as seemed appropriate to them.

The replies were scored as to whether the continuation referred to the
subject 1in the main or subordinate clause. 'Ambigﬁbusfﬁtéponses were
referred to an independent ‘Jjudge and -those whichfgguld_ﬁot be resolved‘

were excluded from the analysis.
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A by-subject analysis (Fl) and a by-sentence analysis (F2) were carried

out.

RESULTS

Befope and After

The results were analysed in a 2 (before vs after) X 2 (clause order) x

2 (clause continuation continues from) analysis of wvariance and the

means are given in Table 12.1 below:

Before After
Main Sub Main Sub
continuations Clause| Clause Clause} Clause
Clause order
Main-sub 85 30 100 14
Sub-Main 85 30 96 23
Totals 170 60 196 37

TABLE 12.1: No of continuations from after and before sentences
in main-subordinate and subordinate-main clausal order
coming from main and subordinate clauses.

The results in Table 12.1 show no main effect of before vs after

{Fl<l df=1,19; F2<1, df=1,23) nor of clause order (Fl<l, df=1,19,
F2=2.00, df=1,23). There was a strong effect of clause -continuation
continues from, as continuations were mainly from the main clause

(F1=79.48, df=1,19m P<0.0001, F2=212.74, df=1,23, P<0.0001).
There was no interaction between befdre vs after and clausal order
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(F1§2.44, df=1,19; F2=2.00, df=1;23), but there was an interaction
between before and after and clause continuation continues from
F1;5:39, df=1,19, P<0.05; F2=5.4, df=1,23, p<0.05). More main clause
continuations came from after sentences than from the before

sentences.

When sentences

The results were analysed in a 2 (clause order) x 2 (clause continuation
continues from) analysis of variance. The overall means are given in

Table 12.2:

Main Sub
Clause | Clause

Main-sub 5.35 0.55
Sub-Main 5.20 0.8
Totals 10.55 1.35

TABLE 12.2: No of continuations from when sentences in
main-subordinate and subordinate-main clausal order
coming from main and subordinate clauses.

From  Table 12.2 it can be seen that again continuations come
overwhelmingly from the main clause (F1=245, df=1,19, P<0.00001;
(F2=190, DF=11.1, ©P<0.0001). The difference made by clausal order in

the presented semtence is again not significant (Fl<l; F2<1).

Details of raw data appear as Appendix 12(b) and analyses as Appendix

12(¢).
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DISCUSSION

When, before and after sentences were all more likely to lead to main

clause continuations and there was no effect of clause order. Before
sentences were more likely to lead to subordinate clause continuations
(which were actually continuations from last eventin the real world)

than after sentences.

There is a marked difference between before and after which corresponds

to their oppositional difference in meaning. The syntactic preference
to follow from the main clause 1is operative with both connectives, but
with before clauses this is less prevel nt than with after clauses.
This shows that the order of events in the world described having an
effect. Before clauses describe the second of two events, and these
are more likely than after clauses (which describe the first of two

events) to lead to continuations.

The results for when are more similar to those for after than for
before and this corresponds closely to their similarity in meaning - in
terms of the temporal situation they describe, as when if not describing
simultaneous actions, tends to describe the earlier of two events as
after does. With  after sentences, more continuations were likely
to follow from the main clause in main-subordinate order than in
sub-main - this indicates that 1linguistic order of events does not
influence the continuation, if it did we would expect the opposite
result with more main clause continuations from subordinate-main

sentences.
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If we take the views of Hopper (1979) that after serves to mark off
the end of one area of discourse and start a new one, then we have
another reason for the difference. To return to the after clause
would provide a jumpy, discontinuous flow of text, whereas before
clauses could mark the beginning of a new area of discouse or could
simply continue the same area as the main clause, and in both these

cases the text can naturally follow from the before clause.

GENERAL DISCUSSION

This chapter has looked at salience in text through the mechanism of
sentence continuations. I accept there are limitations to this method,

for example, that a sentence presented on its own, without context is
not typical of the langquage we deal with in everyday life and, as 1've
commented in experiment 11, some of the continuatons seems to be
attempts to give a reasonable "scenario for the two events in the
sentence. Another problem is that some subjects, instead of beginning
a new sentence as is clearly indicated both by the full stop at the end
of the given sentence before the lines for the continuation, and by the

"

instructions, wish to continue the old sentence with "and", "so", "but”,
etc, again I feel trying to provide reasonable contexts for the

described events.

Given these limitations (and no doubt others I haven't mentioned) I feel
I have demonstrated that Partee 1is right that main clauses are most
salient as main clause continuation is the "normal" pattern. However,
this is modified by 2 semantic effects:

1. real world time of the two events so the event described later is
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more salient in the model.

2. type of the before clause, although this is.not such a strong
effect there does appear to be some indication that clauses where the
factivity 1is indeterminate ("neutral" ones in experiment 11) lead to
continuations from the indeterminaté subordinate clause. I would
suggest these arise from a desire to clarify the determinacy of this

clause.

Neither of these two findings supports the idea the before clauses
fall outside the main-story line as Partee suggests. Although
subordinate clause continuations of before sentences are a minority they
are a substantial minority (26%, 40% and 35% in experiments 10, 11 and

12 respectively)}, of the continuations.

The notion of salience demands that rather than retaining an exact
linguistic model we build up a more structered model and that factors
such as pronoun interpretation depend on knowing. which part of the
narrative world are prominent rather than which features of the text.
Morrow (1985) comments that the importance of some factors is enough to
overcome recency and I have argued that it is this notion which explains
on which occasions the 1last feature or the last occurring of 2 events
gives rise to tﬁe continuation rather than the more common continuation

from the main clause.

Hopper (1979) claims that narratives tend to divide into two sections
the foreground or the sequence of completed events that define the plot
and narrative line and the background or the rest of the narrative which

introduces, comments on or concludes the plot. This seems to offer a
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clear dichotomy which does not correspond with my understanding of
language as able to encompass much vagueness and nuance. The notion of
salience on the other hand, has been seen as a graded concept
(Crawley and Stevenson 1986) and in this way gives more scope for fine

differences in meaning.

Although there are certain structural features which account for the

prominence of some individuals (e.g. pronoun assignment is more likely
tc protagonist participating in foregrounded event (Morrow 1985)) and
the prominence of the first mentioned character (Gernsbecker 1988) 1
would suggest the salience of one or other event in a two clause sentence
is unlikely ever to be completely specifiable from the language alone as
details of context can alter salience. For example, when hearing "She
arranged the flowers before we drank our tea", the most salient event
for the listener may well alter depending on such contextual features as
whether we are drinking our cup of tea or whether we can see the flower

arrangement.
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CHAPTER V - ON-LINE PROCESSING

GENERAL INTRODUCTION

Uﬁder the heading of On-line Processing 1is a slightly amorphous set of
experiments. What they have in common is certainly a method - all are
reading time experiments, but also a common interest which inspired
them. They are concerned with trying to tease out a 1little more
carefully and exactly how  temporal order affects the way a
representation might be (a) brought into being and (b) updated - and

how various factors might affect this.

I accept that when reading a single sentence without a context, its
presuppositions form a context against which 1t 1is understood, but
instead of working from this insight of Altman and Steedman (1989) in
this series of experiments I provide context sentences for the target,

to gsee how different aspects of context affect reading time.

Bever and Townsend (1978) suggest comprehension is easier if causal
links are provided, Partee (1983) suggests that order of mention
corresponding to real world order of events may assist processing and
that subordinate clause-main clause order may be optimal for processing

of sentences.

Experiments 13 and 14 aim to explore the effect of providing different
contexts for a target sentence and aim to discover whether the effect of
context is different for sentences with temporal and causal connectives.

These experiments should show whether:
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a) manipulating the prior context sentence to provide context for main
clause or subordinate clause
- affects reading time for one clause order rather than the other

- affects reading time for either causal or temporal subordinate clauses

b) sentences with either causal or temporal subordinate clauses have
faster reading times - this might support Bever and Townsend (1978)'s

"cause and first-event" first strategy

Experiments 15 and 16 also provide context sentences but this time the
conext sentence and the two following it build a description of a series
of four events in a definite temporal order. The experiments use
reading time to see what factors help speed up processing and which
factors inhibit fast and easy processing, so as to provide information

about how we normally "deal with" the language we read/hear.

It might also add support to the idea that we form a representation of
temporal events analagous to the sort of representation shown by Barclay
(1973), Ehrlich & Johnson-Laird (1982), Mani & Johnson-Laird (1982)
for location of objects and that the same factors (continuity and

determinacy) are important.

Partee's idea that the subordinate clause is processed first to form a
basis for the main clause is contradicated by evidence (Bever and
Townsend 1978) showing that meaning of main clause is available first.
Can I produce evidence confirming either (a) that meaning of the main

clause is available first, or at least (b) showing by reading times for

~181-



separate clauses  whether Partee's account is supported by

evidence.

The last experiment (No 17), wuses reading time to explore the issue of
temporal anaphora, by comparing reading times for target sentences where
there was one clear temporal antecedent ("reference time”) and two
possible temporal antecedents to see whether the effect on reading time

is similar to a similar manipulation of nominal anaphora.
Ll

EXPERIMENT 13

INTRODUCTION

The first experiment was aimed at determining whether a two-clause
target sentence was read faster (this assumes that its addition to a
model is easier) if its main clause was linked to the previous sentence
or if its subordinate clause was. There 1is widespread agreement that
the subordinate <clause contains a presupposition, which might indicate
the natural 1linkage 1is from the context sentence to the subordinate
clause of the target sentence. On the other hand, Partee argues that
the main story line 1is carried through the main‘clause which would mean

sentence was read faster with a main clause context.

It is possible that the order of the <clauses in the target sentence
might interact with the context to facilitate processing. It was
possible that a context for subordinate clause might 1lead to faster
reading when the target sentence was in subordinate-main order and a

context for main clause might lead to faster reading when the target
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sentence was in main-subordinate order.

The target sentences were joined by two temporal connectives and two
causal connectives. Was there a differences between the processing

of these two types of sentence?

After clauses and the clauses begun by the two causal

connectives (because and since) refer to the first event of two,

so when the sentences were in subordinate-main order the order of
mention of the two events corresponded to their order of occurrence in
the world described and main-subordinate order reversed this order.
With before, the opposite was the «case. An interaction with the
context sentence might be expected because a context for the subordinate
clause with after or the causal connectives would provide a context
for the first event and thus describe events in their order of
occurrence. With before sentences we might expect faster reading
times when a context 1is given for the main clause as this again would

correspond with order of events.

METHOD

Subjects

32 undergraduate psychology students from Durham  University,

volunteered to act as subjects 1in this experiment. There were 14 males

and 18 females. Ages ranged from 18 to 24 years.
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Materials

64 sentences were composed. They were all two-clause sentences, 16
joined by before, 16 by after, 16 by because and 16 by since. These
sentences were presented in either main-subordinate or subordinate-main

clause order.

For each sentence two "context" sentences were composed. One context
sentence linked to the main clause of the target sentence and one linked

to the subordinate clause.

Subjects received pairs of sentences, in four conditions:

1. context for main clause + target sentence in main-subordinate order
The tourists were anxious to get a drink.
The cafe opened before the ship left port.

2. context for main clause + target sentence in subordinate-main order
The tourists were anxious to get a drink.
Before the ship left port the cafe opened.

3. context for sub clause + target sentence in main-subordinate order
The ship was ten minutes late leaving.
The cafe opened before the ship left port.

4. context for sub clause + target sentence in subordinate-main order
The ship was ten minutes late leaving.
Before the ship left port the cafe opened.

Each subject received four target sentences with each of the four

connectives (subordinating conjunctions) in each condition, making a

total of 64 sentence pairs. After each sentence pair a question was

asked which required a yes or no answer.

A full list of materials is attached as Appendix 13/14(a).
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Design and Procedure

This was a repeated measures design.

In order to provide filler sentences, this experiment was run in
conjunction with two similar reaction time ones, one where 64 and one
where 12 sets of two sentences followed by a question were presented.

The sets of sentences from the three experiments were combined and

presented to the subjects at random.

A practice series of 14 sets of sentences similar to those in the three

experiments was provided.

Subjects were asked to sit in front of a computer screen and place their
hands on the keyboard so that their thumbs were on the space bar and the
forefinger of each hand over two keys labelled "yes" and "no". They
were told to read the sentences carefully as they appeared and press the
space bar when they had read the sentence. They were told this
procedure would be timed but the mest important consideration was that

they should answer the questions accurately.

Sentences were presented on a BBC Microcomputer. Subjects were
instructed to press the space bar to obtain the first sentence, when
they had read it to press the space bar again for the second sentence to
appear. This procedure was repeated for the question. The'quéstion

required a "yes" or "no" answer and subjects were required to press the

yes" or
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During presentation of the 14 practice sets the experimenter remained
with the subject to ensure that the instructions were fully understood

and then withdrew before the main part of the experiment began.

Time between the appearance of the sentence of the screen and the

subject pressing the space bar was measured in miliseconds.

Subject (Fl} and sentence (F2) analyses were carried out and the results
are presented below. Because target sentences contained different
numbers of words reading rates rather than reading times were used for

comparison.

RESULTS

The results were analysed in a 2 (clause for which context is provided)
X 2 (clause order) x 2 (temporal vs causal) x 2 (individual connective)
analysis of variance. The overall means in each of the categories is

given in Table 13.1 below:

main clause context sub clause context
main-sub sub-main main-sub sub-main mean
Before 4.609 4 4G5 4.645 4.562 4.578
After 4.684 4.475 4.278 4.390 4.457
Temporal 4.647 4.485 4.462 4.476 4.517
Because 4.403 4.478 4,053 4,361 4.324
Since 4.536 4.541 4.598 4.437 4.528
Causal 4.470 4.510 4.326 4.399 4.426
Temp & Causal 4.559 4.498 4,394 4.438
Overall Means 4.528 4.416

Table 13.1: overall means for all conditions (reading rates)
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There was no main effect of clause order, (Fl<l; F2<2) and no main
effect of individual connective (Fl<l; F2<2), but when context was
provided for the main clause reading time was faster than when context
was provided for subordinate clause and this was marginally significant

(F1=3.23, df=1,31, P=0.08; ¥2=2.4, df=1,60)

There was a marginal effect of type of connective with temporal being
faster than causai (F1=3.27, df=1,31, P<0.0.08; F2<1, df=1,60).
However, there was an interaction between type of connective
(temporal/causal) and individual connective (before/after vs
because/since), (F1=11.65, df=1,31 P<0.005; F2=1.75, df=1,60).
The slower rates for the causal connectives 1s due solely to because
sentences. Finally there was an interaction between these two factors
and the clause for which context is provided (Fl=6.91, df=1,31, P<0.05,

F2=3.09, df=1,60, P=0.08) as can be seen from Table 13.2 below:

before after |because | since

main clause context 4,552 4.580 4.441 4.539

sub clause context 4.603 4.334 4.207 4.517

Table 13.2 : Interaction between context, and individual
connective

Table 13.2 shows that before sentences are read faster with a

subordinate clause context while after, because and since are read

faster with a main clause context.

Raw Data is given in Appendix 13(b) and details of«analyses-ianppendix'

13(c).

-187-



DISCUSSION

The results showed that, overall, main clause context 1led to faster
reading time. Clause order did not affect reading time. Sentences with

before, after and since were faster than those with because.

In addition, before sentences were read faster with a subordinate

clause context while after, because and since sentences were read

faster with a main clause context.

This is thus another experiment (in addition to expts & and 9) where
clause order does not affect reading times. The implications of this

will be explored later.

The results support Partee's assertion that main story line is continued
through main clauses, with important reservations, i.e. when target
sentence has a before clause, a subordinate clause context, (one which

provides some of the presuppositions) seems to aid comprehension.

It may be that there 1is more wvalue in the 1idea that the temporal
relations rather than the causal relations between the two clauses has

an effect, as after, because and since clauses share the property of

describing the first event of two, while not on all occasions of their

use sharing the causal implications.

These three connectives are all faster after a main clause context,
which is odd because if we imagine representation of events forming a
line, so that lst 2nd and 3rd events will occur

1 2 3
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along this line, the context becomes event 1, but with these
connectives, the main clause event is not event 2, following directly
from the context, but event 3, because the event in the after,
because or since clause falls either at the same time as the
context or between the context and the main clause, making it come

second along the time line.

Alternatively, before 1is fastest giving a context relating to the
subordinate clause. If we again imagine representation of events forming
a 1line conforming to a strict temporal pattern, the context and the
subordinate clause follow each other, and the main clause falls either

between these two or at the same time as the context.

This does not support the idea that discourse will always be easier to
process if events in discourse are described in a parallel order to that

in which they occur in the world, which 1is what Partee suggests.

There is evidence that different words with similar temporal/locative
meanings have different reading times also (e.g. Smith and McMahon 1970
whose subjects had different reading times for sentences with precede
and lead and with trail and follow). This should suggest
we exercise caution before accepting a strateqgy such as the causal
processing strategy proposed by Bever and Townsend (1978) and look
carefully at the possibility that wvariations between different

connectives might be caused by such individual variation.

The difference - between because and since is difficult

to explain by the causal processing strategy. Any semantic
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explanation would appear to indicate the difference should be the other
way round, with since taking longer because it has other meanings
(i.e. a temporal one). Bever and Townsend (1978) also found on various
tasks that because and since were treated differently and do not
try explain this in terms of their causal processing strategy, and 1

feel some explanation is necessary before it is be accepted.

The difference between before and after 1is more understandable as

they have semantically different functions. After designates the
clause it begins to be the first event of the sentence and relevant to
the main clause in some way, possibly even causally. Before indicates
the clause it begins toc be the second event of the sentence if it is not

prevented by the first clause (i.e. non-factive).
Sentence reading times obscured differences in times between the actual
clauses within a sentence, which might help show in detail the way

language processing proceeds.

EXPERIMENT 14

INTRODUCTION

How was reading time distributed over the two clauses 1in the
sentences used as material in experiment 13? In order to discover this
the same material was used but the target sentence was presented clause

by clause upon the v.d.u. screen.
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METHOD

Subjects

32 undergraduate psychclogy students from Durham University acted as

subjects for this experiment. There were 13 males and 19 females.

Materials

The same 64 sets of sentences and questions that had been presented in

experiment 13 were used as material but in this experiment the two

clauses in the target sentence appeared separately on the screen.

Design and Procedure

Design and Procedure were the same as in experiment 13, except that,
after the context sentence, the target sentence was presented clause by
clause, with subjects required to press the space bar after they had
read the first clause to obtain the second clause. After reading the
second clause the subject was required to press the space bar again to

obtain the question.

Material from this experiment was presented with material from the same
two experiements as in experiment 13 with the second sentence in those

experiments also presented clause by clause.

Analyses were conducted on the reading rates of the two clauses in.

sentence 2.
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RESULTS

The results were analysed in a 2 (target clause - main vs subordinate) x
2 (order - 1lst vs 2nd) x 2 (context - main vs subordinate) x 2 (type of
connective) X 2 (individual connective - example 1 vs example 2)
analysis of variance. The overall means in each of the categories is

given in Table 14.1:

Target - MAIN SUBORDINATE
Order — 1st 2nd ist 2nd
!
Context - | MAIN SUB MAIN SUB MAIN SUB MAIN: SUB Mean
Before 4.802 | 5.264 [5.1841 5.445 5.033 14.759 | 5.410{4.992 | 5.111
After 4,988 | 4.949 |5.261] 4.952 4,750 (4.761 | 5.106{5.075} 4.980
Temporal | 4.895 | 5.107 {5.222] 5.198 4,891 {4.760 | 5.25815.034 | 5.046
Because 5.186 1 4.693 |5.171| 4.837 4.630 |5.054]5.141{5.396 | 5.013
Since 5.518 1 5.181 [5.475) 5.563 5.100 |5.493 | 5.303/6.003 | 5.455
Causal 5.3592 1 4.937 15.3231 5.200 4.865 |5.27415.22215.699 | 5.234
Mean 5.124 [ 5.022 [5.272 ] 5.199 4.878 {5.017 | 5.24015.366
5.073 5.236 4.949 5.303

Table 14.1: Overall means of reading rates for all conditions
{(Subject Data)

The only significant main effect was that of position in sentence.

Second.clause whether main or subordinate was read faster (5.27wps) than

first clause (5.01lwps) (F1=10.1, df=1,31 P«0.005; F2=28.0, 4f=1,60,

P<0.0001).
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Whether clause was main or subordinate was not significant (Fl<l1,

F2=1.1).

Target (i.e. whether main or subordinate) interacted with type of
connective (temporal/causal) on Fl but not on F2 (F1=7.25, df=1,31,

P<0.01; F2<l). This interaction can be seen in Table 14.2 below:

Temporal Causal
Main 5.11 5.20
Subordinate 4,99 5.27

Table 14.2 - Interaction between target
and type of connective

Subordinate clause was read more slowly when 1t contained a temporal
connective. As would be expected, there was no effect of type of

connective on the reading rates for main clauses.

There was also an interaction between target, context and type on Fl but
not F2 (F1=37.5, df=1,31, P<0.001; F2<1)). This interaction can be seen

in Table 14.3 below:

Temporal Causal diff
Main Clause context
Main 5.06 5.34 +0.28
Subordinate 5.08 5.04 -0.04
Sub Clause context
Main 5.15 5.07 -0.08
Subordinate 4.90 5.49 +0.59

Table 14.3 - Interaction between target, context and
type of connective

The 3-way interaction shown in Table 14.3 suggests that the 2-way
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interaction between target and type of connective is different in the
two context conditions. With a main clause context, main clauses are
read more quickly when the sentence contains a causal connective. With
a subordinate clause- context, subordinate clauses are read more quickly

when they contain a causal connective.

What appears to be a significant main effect of temporal and causal on
Fl1 (F1=9.6, df=1,31, P<0.005) is not significant on F2 (F2=1.6) and is
nullified by a main effect of individuai connective (F1=5.59,
df=1,31, P<0.05> Since <clauses are read more quickly than the other

three connectives.
There were no other significant effects.

The raw data is attached as Appendix 14(b) and results as Appendix

14(c).
DISCUSSION

The results showed that the second clause was always read faster than
the first clause, irrespective of clausal order. Subordinate clauses
were always read faster when they contained temporal connectives, but
the type of connective had no effect on reading times for the main
clause. However, this was modified by the context sentence as ﬁain
clause context caused main clauses to be read faster with causal
connectives while subordinate clause context meant that subordinate

clauses were read more gquickly with a causal connective.
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In experiment 13 whole sentences were read faster after a main clause
context and experiment 14 results confirm this as a general trend,
while showing that 1in some cases, i.e. with a causal connective,

subordinate clauses are read faster with subordinate clause context.

Again, the effect of different connectives is visible, as in experiment
13, with since clauses being read faster than those with before,

after or because.

In the introdution I quoted Johnson-Laird (1983) as showing there is not
a uniform semantics for 1if, irrespective of the meanings of the
individual clauses and pointed out that neither isthere one for when,
or before. It may be that the connective acts as some sort of
additional indicator as to the relationship between two clauses, rather
than as the exact specifier of this relationship. This would mean
that looking for constant reading times dependent on connective would
tend to failure without taking on board much more detail about the

relationship specified between the two events.

Even because which I have claimed as an unambiguously causal
connective, can, (Schiffrin 1987) indicate three temporal directions:

- because he had cut it - past
He bandaged his hand - because it was bleeding - present

- because he wanted her sympathy - future

Overall findings support those of experiment 8 and. 9 where second

sentences were read faster than first sentences that people are slower

at initial construction of & model than modifying it with further

information - this effect is visible within the same sentence 1in this
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experiment, as in between sentences in experiments 8 and 9. However,
when main clause context is available (which speeded up reading time in
gerieral in experiment 13), temporal connectives give the greatet
difference while with subordinate clause context causal connectives give

the greatest difference between the two processes.

EXPERIMENT 15

INTRODUCTION

Work by Ehriich and Johnson-Laird (1982) and Mani and Johnson-Laird
{1982) is described in the introduction and in order to see whether the
same factors which affected processing language into a model with
spatial terms (i.e. referential continuity and determinacy) affect
processing 1language containing temporal terms, an analogue of the

Ehrlich and Johnson-Laird (1982) experiment was prepared.

As pointed out in Chapter 2, it is not new to suggest that language
processing is similar for spatial and temporal terms.
According to this argument interchangeability of first, 1last,

before, after, in  front of, behind, etc  mirrors similarities

in our representation of these two media. These 1ideas have led to
questions about whether temporal descriptions can be affected in similar
ways to spatial descriptions, but there may be additional factors to be

considered as far as temporal factors are concerned.

Partee suggests that forward descriptions are more wusual and hence

easier to process into a model. The imbalance of events being described
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in forward order as opposed to from the most recent to the most distant
in the past is not present in spatial description, where the equality

of to the left of and to the right of is visible in expressions such

as beside , or on one side of which have no equivalent in a

description of temporal relationships. The dimension of forward
versus backward in time was included in this experiment to see if it

affected reading time.

Partee suggests that subordinate-main order sentences might be easier
to process and follows Hinrichs account on the asymmetry of main and
subordinate clausé. She says "Hinrichs treatment is compatible with
the traditioﬁal truth conditions, but distinguishes the role of main and
subordinate clauses with respect to the dynamics of reference time. The
main clause is interpreted with respect to a reference time
descriptively characterised by the subordinate clause, and, by the usual
rules, if the main clause 1is an event clause, the last step in its
processing is the resetting of the reference ti e to a time "just after"
the main clause event. Thus the reference time 1in effect after the
complete sentence 1is processed depends on which clause was the main
clause; this corresponds with the informal observation that it is the

main clauses that carry the main story line along in a narrative."

I found no support for this idea from experiments 13 and 14 but wished

to submit this to further investigation.
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METHQD

Subjects

16 subjects were usad. These  were undergraduates  from Durham
University. Ages ranged from 18 to 35 years. There were 9 females and 7

males.
Materials

Eight sentences were composed, each had two clauses, the verb
"played"  was used in both clauses. "Played" was used
because it could be combined with many different nouns. Sentences were
presented in both subordinate-main and main-subcrdinate clause order

with after, before, once and until used as subordinating

conjunctions. After and before have already featured in much research

and I wished to include two  additional words which related the
subordinate clause to the main clause in similar ways so that, for
example once functions similarly to after in that the reference clause
it begins contains the first of two events, and the reference
clause begun by until, 1like before contains the second of two

events.

Within each sentence the two events can be described either in the
actual order they occurred or the reverse ofder to which they occurred.
When after or once appear in a sentence in subordinate-main order the
order of mention of the two events in that sentence corresponds to the

order in which they occurred, whereas when the sentence 1is in
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main-subordinate order the order of mention is reversed. Before and
until function in the opposite way. This is illustrated in Table
1 below (notice using once requires the subordinate clause to be in the

past perfect):

Order of mention corresponds to order of occurrence (OOM)

After/Once {sub-main order)

After she played with the ball she played with the train.
Once she'd played with the ball she played with the train.

Before/Until (main-sub order)

She played with the ball before she played with the train.
She played with the ball until she played with the train.

Order of mention does not correspond to order of occurrence (ROCM)

After/Once (main-sub order)

She played with the train after she played with the ball.
She played with the train once she'd played with the ball.

Before/Until (sub-main order)

Before she played with the ball she played with the train.
Until she played with the ball she played with the train.

Table 15.1: Illustration of how events can be described within a
sentence corresponding or not corresponding to their
order or occurrence
Each of these 8 sentence was expanded into a set of three sentences,
and these sets were presented in four different conditions, giving a
total of 32 different sets. 16 were given in continuous and 16 1in
discontinuous order (analagous to Ehrlich and Johnson-Laird's study).
and of these half described the order in which the toys were played
with in a forward direction (i.e. corresponding to natural time) and
half in a backward order. The complete pattern of temporal reference is

shown in Table 2.

-199-



After Continuous Forward
main-subordinate subordinate-main
b after a ab after a b ab
c with b bec with b ¢ be
d after c cd after ¢ d c d
Backward
main-subordinate subordinate-main )
a after b b a after b a b a
b with ¢ cb with ¢ b cb
c after d d c after d c¢ d ¢
Discontinuous Forward
main-subordinate subordinate-main
b after a ab atter a b ab
d after ¢ c d aftep c d cd
c with b bc with b ¢ bc
Backward
main-subordinate subordinate-main
a after b b a after b a b a
c after d é c after d ¢ dc
b with ¢ cb with ¢ b cb
After - in main-subordinate order = ROOM
- in subordinate-main order = OOM
Before Continuous Forward
‘main-subordinate subordinate-main
a before b ab before b a ab
b with ¢ bec with ¢ b bc
c before d cd before & ¢ c d
Backward
main-subordinate subordinate-main
b before a b a before a b b a
c with b cb with b ¢ cb
d before ¢ d c before ¢ d d c
Discontinuous Forward
main-subordinate subordinate-main
a before b ab before b a ab
¢ before d c d before d ¢ cd
b with ¢ bc with ¢ b bc
Backward
main-subordinate subordinate-main
b before a b a before a b b a
d before ¢ d c before ¢ d d c
c with b cb with b ¢ cb
Before - in main-subordinate order = OOM
- in subordinate-main order =

ROOM.

Table 15.2 - Temporal relationships between clauses in difference
conditions with before and after
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The temporal pattern remained constant over the 32 sets of sentences.
This was, ball then (train and clock together) then jigsaw
( Train )
Ball ( ) Jigsaw
( Clock )
For example, for the Continuous (forward) condition the ROOM sentence

using after as a connective would be 1in main-subordinate order and

expanded into:

She played with the train after she played with the ball.

She played with the train and the clock at the same time.

She played with the jigsaw after she played with the clock.

(where first and third sentences were of the same pattern)

The continuous (backward) group of sentences again was based on the same
eight sentences but this time the description of the toys began with the
last toys in the sequence. So, for the above sequence:

She played with the jigsaw after she played with the clock.

She played with the clock and the train at the same time.

She played with the train after she played with the ball.
The discontinuous forward and backward sets are similar to the above
except that the order of sentences 2 and 3 are changed. Sco that the
discontinuous forward were as follows:

She played with the train after she played with the ball.

She played with the jigsaw after she played with the clock.
She played with the train and the clock at the same time.

And the discontinuous backward was as follows:

She played with the jigsaw after she played with the clock.
She played with the train after she played with the ball.
She played with the clock and the train at the same time.

The sets were followed by a question of the form "did she play with the
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..., last/first?" The questions were arranged so half were first, half

were last and one half of each required a yes answer, one half a "no".

These were distributed across the set so no pattern could be discerned.
A full set of material appears as Appendix 15(a).

Design and Procedure

This was a repeated measures design and each subject saw a different

random order of sets of sentences.

Each subject received the 32 sets described above. The basis on which
the sets were constructed varied along four different dimensions,
continuous/discontinuous, forwards/backwards, subordinate-main clausal
order/main-subordinate clausal order, different connectives. The toys
in each block were altered between subjects so that no effects of a
particularly memorable or forgettable toy or combination of toys could

have an effect.

Eight filler sets of sentences were used which described objects in the
pattern
Ball )
) Clock Jigsaw
Train )
In order to prevent further any expectations being built up the
experiment was run in conjunction with a similar reaction time one,

where 36 sets of 2 sentences followed by a question were presented. The

sets of sentences from the two experiments were combined and presented
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to the subjects at random.

A practice series of 11 sets similar to those in both experiments was

provided.

Subjects were asked to sif in front of a computer screen and place their
hands on the keyboard so that their thumbs were on the space bar and the
forefingers of each hand over two keys labelled "yes" and "no". They
were told to read the sentences carefully whenr they appeared and press
the space bar when they had read the sentence. They were told this
procedure would be timed but the most important consideration was that

they should answer the questions accurately.

Sentences were presented on a BBC Microcomputer. Subjects were
instructed to press the space bar to obtain the first sentence, when
they had read it to press the space bar again for the second sentence to
appear. This procedure was repeated for the third sentence and then for

the question. The question required a "yes" or "no" answer and subjects

were required to press "yes" or "no" key.
During presentation of the 11 practice sets the experimenter remained
with the subject to ensure that the instructions were fully understood

and then withdrew before the main part of the experiment began.

Time between the appearance of the sentence on the screen and the

subject pressing the space bar was measured in miliseconds.
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RESULTS

Because all sentences had similar numbers of words it was possible to
use reading time data for analyses. A by-subject analysis (Fl) was
carried out and the results are presented below. A by-sentence (F2)
ahalysis was not possible as each subject received only one of each of

the 32 different sets of sentences.

All conditions were not relevant to all sentences. The
continuous/discontinuous and forward/backward conditions would have no
effect on reading time for sentence 1, for example. Also, because the
second sentence in the continuous sets and the third sentence in the
discontinuous sets did not contain a connective, order of mention and

clause order are not applicable in these sentences.

Because it seems there are two separable combinations of factors here;
two separate analyses were necessary to encompass them:

1. The results were analysed in a 3 (sentence position) X 2 (continuous
vs discontinuous) x 2 (forward vs backwards) analysis of variance.

2. The results were analysed in a 3 (all fﬁrst sentences vs 2nd
sentences from discontinuous sets vs 3rd sentence from continuous sets)
X 2 (order of mention vs reversed order of mention) x 2 (reference

connective [after/once or before/until]) analysis of variance.

The overall means in each of the categories for the first of these

analyses is given in Table 13.3 below:
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Sentence 1 Sentence 2 Sentence 3
Cont Disc Cont Disc Cont Disc Mean
Forward 4238 4201 3297 4812 4253 5079 4313
Backward 4537 4241 3385 5015 5044 7000 4870
Mean 4388 4221 3341 4913 4648 6040 4870
Sentence Mean 4304 4127 5344

Table 15.3 : Overall sentence means (reading times in ms)

There was a main effect of sentence (F1=5.08, df=2,30, P<0.05) with
Sentence 3 taking longer than sentences 1 and 2 and a main effect of
continuous vs discontinuous, with continuous being read more quickly
than discontinuous (F1=8.62, df=1,15, P<0.01).

There was also a main effect of forward vs backward (F1=6.03, df=1,15,

P<0.05) with backward taking longer than forward.

From Table 15.3 it can also be seen that there was an interaction
between sentence and continuous/discontinuous (F1=3.83, df=1,15,
P<(.05). As the discontinuous set progressed sentences took
progressively longer to read, whereas with continuous sets, the second
sentence was actually read faster than the first and the third sentence

at the same speed as the first.

Sentence 2 and 3 reading times in this analyses are a combination of
sentences containing a connective and sentences describing two events
occurring at the same time. That 1s, sentence 3 from the continuous

sets and sentence 2 from the discontinuous sets contained connectives
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while sentence 2 from the continuous sets and sentence 3 from the

discontinuous sets contained events occurring at the same time.

From Table 15.3 it can also be seen that there was a marginally
significant interaction between sentence and forward/backward (F1=2.66,
df=1,15, P=0.085). with sentences in backward sets taking progressively

longer to read.

There was no statistically significant interaction between

forward/backward and the continuous/discontinuous dimension (Fl<l).

For the second analysis of order of mention and effect of particular
temporal connective, only one sentence at a time can be looked at. For
this purpose only sentence 1 of each set concerns constructing a
representation. Sentences 2 and 3 require the current representation to

be updated.

In discontinuous sets both the first and second sentence contains a
temporal connective (e.g. she played with ........ before she played
with ...... }. In continuous sets the first and third sentence
contain temporal connectives. In those sentences concerned with
updating a representation, additional processing problems may
highlight features of the comprehension process hidden by our normally
fast and trouble free reading of sentences. That is, their response
times may reveal the processes involved in updating a representation, as
opposéd to constructing a representation. The latter process is required

for sentence 1.

-206-



For this reason it has been necessary to analyse sentence 1 against

sentence 2 of the discontinuous blocks and sentence 3 of the continuous

blocks, as sentence 2 (discontinuous) and sentence 3 (contirnuous) are

the sentences containing the temperal connective where the model is

being updated.

Overall means for order-or-mention factor and reference connective
factors are given in Table 15.4 below:
Sentence 1 Sent 2 (Disc) Sent 3 (Cont)
Forward Backward forward Backward ﬁorward Backward | Mean
OOM :
Before/Until|3994 3747 3872 4742 3563 4259 4030
After/Once 4506 4434 4807 4679 3703 5847 4663
Mean 4250 4090 4339 4710 3633 5053
ROOM
After/Once 4119 4487 5590 5163 3910 5066 4723
Before/Until 4182 4298 4978 5474 5833 5004 4962
Mean 4151 4392 5284 5218 4871 5035
Table 15.4: Overall means for order of mention vs reversed order of

mention with different reference connectives

There was no effect of sentence (F1=2.29, df=2,30).

There was an effect of forward vs backward (F1=6.15, df=1,15, P=0.024)

with forward being read faster than backward.

There was a significant effect of order-of mention (F1=13.03, df=1,15,

P<0.005). Overall reversed order-of-mention produced slower reading
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times than natural order-of-mention. The exception was Sentence 3

Backward.

There was no effect of reference connective (Fl<l).

There was a significant interaction between sentence and order-of-

mention (F1=6.04, d4f=2,30, P=0.01) which is shown in Table 15.5 below:

Sent 1 Sent 2 (Disc) Sent 3 (Cont) Mean

COM 4296 4525 4208 4343
ROOM 4248 5305 4922 4825
Mean 4274 4915 4565
|

Table 15.5: Mean response times for each of the three sentences
in order-of-mention and ROOM conditions
Order of mention sentences were read father than reversed
order-of-mention in both sentence 2 (discontinuous) and sentence 3

(continuous) conditions.

There were no interactions between sentence and reference connective

Fl<l, df=2,30) nor forward/backward and order-of-mention, (F1=2.13,

df=1,15) nor forward/backward and reference connective (Fl<l).

There was however an interaction between order-of-mention and reference

connective (F1=12.60, df=1,15, P<0.1) which appears in Table 15.6 below:
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OOM ROOM Mean

Before/until 4030 4962 4496
After/once 4663 4722 4693
Mean 4346 4842

Table 15.6: Mean response times for reference connectives
in order-of-mention and ROOM conditions

From this table it can be seen that reversed-order-of-mention sentences
are always read slower than sentences 1in  natural order-of-
mention. This was more noticable for sentences with before and

until.

There were no other significant effects.

Details of raw data appear as Appendix 15(b) and analyses appear as

Appendix 15(c)

DISCUSSION

The results showed that continuous sets of 3 sentences were read more
guickly than discontinuous sets of three sentences and this interacted
with sentences so that as the discontinuous set proceeded, each sentence
took longer to read., while with continuous sets, reading time remained

constant for the three sentences.

Although there was no main forward/backward effect, this factor

interacted with sentence position to give a similar effect to that of
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continuous/ discontinuous and sentence position, ij.e. backward sets
took progressively longer while forward sentences were read in similar

amounts of time.

Other effects are within-sentence effects, which were examined by
comparing sentence 1 with sentence 2 from discontinuous sets and
sentence 3 from continuous sets. The results here confirm sentence 2
discontinuous takes longer than the others and' that presentation in

forward order aids the reading task.

It is in this comparison that order-of-mention can be seen to have an
effect - reading time 1is faster for sentences 2 and 3 where the two
events in a sentence have the same order as they de 1in the world.
This is not so in sentence 1 which indicates that it is an effect
which may  have been obscured in previous studies which concentrate on

the building of a model and use single sentences as material.

Sentence 2 was read more slowly than sentence 1 in both forward and
backward conditions, but sentence 3 was read faster in forward and more

slowly in backward.

The results support the idea that wupdating is different from initial
building of a model, and show that factors which may only have marginal
effect in the building can show up 1in the updating, e.g. processing

being speeded up where order-of-mention of events in the text

corresponds to the order of their occurrence in the world described.

I have supported, by a rather crude device, the idea that language is
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easier to understand when it describes events moving forward 1in time.
Describing events beginning from the last and working back to the firsﬁ
slows reading time on sentences progressively. An interesting factor
here, however, is that the order-of-mention effect 1is not visible in
sentence 3 (backwards). In this sentence reversed order of mention 1is
faster than order of mention. This suggests that once subjects have
- gathered the idea that the description 1is proceeding in a backward
direction, they find 1t easier to process sentences with the events

described in the same direction, i.e. reversed-order-of-mention..

The main finding, however, is that this experiment provides support for
the idea that similarities between temporal and spatial expressions
appear to be paralleled in reading processes and in representation. The
same factors that aid processing of sentences describing spatial arrays

aid processing of sentences describing a temporal crder.

EXPERIMENT 16

INTRODUCTION

Experiment 15 was an analog of Ehrlich and Johnson-Laird (1982) and
showed that "discontinuous" sets of sentences took longer to process
than "continuous" sets when describing a temporal pattern in a similar
way to sets of sentences describing a spatial pattern. However, the
design included so many different conditions it was not possible to do a
by-sentence analysis of data because each subject receiVed only 1

sentence in each of the 32 different combinations of conditions.

-211-



In order to test the {findings from experiment 15 experiment 16 was
conducted. This was similar to experiment 15 with the following
modifications.

1) The Forward/Backward condition was discontinued. This was not
analagous to anything in the Ehrlich & Johnson-Laird paper, and although
the dimension of whether a temporal description worked from the earliest
event to the latest or vice versa, did make a significant difference to

reading times, this was only on the last sentence.

2) 2 connectives were used instead of four as in experiment 1. 1In
experiment 1, once was used because it served a similar function to
after in that it begun a clause denoting the first of two events, and
until was used because it stood 1in a similar relation to before.

However, after and once and before and until were actually shown tc

behave in the same way, it was felt unnecessary to replicate this part
of experiment 1.
This left 4 variables -
continuous/discontinuous
order-of-mention/reversed-order-of-mention
clause order
sentence position
The first factor only becomes relevant over the set of three sentences
whereas the second and third factors may have an effect within each
sentence as well as over the whole set. The factor of sentence position

(Ist, 2nd, 3rd) should show how the above factors contributed to the

building up of a model over a series of sentences.

In order to prevent subject fatigue and effects of practice it was

decided to use independent samples for the continuocus/discontinuous
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conditions, and this meant it was only necessary for 4 sentences to be
given in each condition, giving 16 sets of sentences for each

subject.
METHOD
Subjects

40 psychology students both undergraduate and postgraduate volunteered
for this experiment. Ages ranged between 18 and 30 and there were
approximately equal numbers of males and females. 20 took part in the

Discontinuous condition and 20 in the Continuous condition.
Material

16 sentence frames were constructed with a wverb (e.g. bought) and four

nouns (e.g. scarf hat coat shoes).

The first two of the nouns were used to make four sentences, in two of
which the order of mention of the events in the sentence corresponded
to the order of events in the world described (order-of-mention
condition or OOM), and in two of which order of mention of the events
in the sentence reversed the order of events in the world described
(reversed-order-or-mention condition or ROOM).
order-of-mention :

after - After she bought the scarf she bought the hat.

before - She bought the scarf before she bought the hat.
reversed-order-of-mention ’ :

before - Before she bought the hat she bought the scarf.
after - She bought the hat after she bought the scarf.
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The first example in each condition 1is in subordinate-main order and

the second example in main-subordinate order.

The sentence form was then used with the other two nouns to expand the
first sentence into a set of three sentences, describing four events in
a determinate temporal order. Thus each of the 3 sentences in a set
describes two events in either real world orde? (OOM)} or reverse order

(ROOM), e.g.

After she bought the scarf she bought the hat.

After she bought the hat she bought the coat. (ooM)

After she bought the cocat she bought the shoes.

She bought the scarf before she bought the hat.

She bought the hat before she bought the coat. (OOM)

She bought the coat before she bought the shoes.

She bought the hat after she bought the scarf.

She bought the coat after she bought the hat. (ROOM)

She bought the shoes after she bought the coat.

Before she bought the hat she bought the scarf.

Before she bought the ccat she bought the hat. (ROCM)

Before she bought the shoes she bought the coat.

The example above is from the continuous condition. In this condition
the second event described by the first sentence is also mentioned in
the second sentence and the second event described by the second

sentence is also mentioned in the third sentence. This enables the

reader to build up a continuous model of the series of events.
The sets of sentences in the discontinuous condition differed from those-
in the continuous condition only because the position of the second and

third sentences in the sets were changed. This meant that neither of
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the two events mentioned in the second sentence were described by the
first sentence, preventing the subject from building up one unified
model of the series of events until the third sentence was presented
which described how the two events in the first sentence were related to
the two events in the third sentence. Discontinuous sets were as under:
After she bought the scarf she bought the hat.

After she bought the coat she bought the shoes. (O0OM)

After she bought the hat she bought the ccat.

She bought the scarf before she bought the hat.

She bought the coat before she bought the shoes. (OCM)

She bought the hat before she bought the coat.

She bought the hat after she bought the =scarf.

She bought the shoes after she bought the coat. (ROOM)

She bought the coat after she bought the hat.

Before she bought the hat she bought the scarf.

Before she bought the shoes she bougnt the coat. {ROOM)

Before she bought the coat she bought the hat.

Each subject in both continuous and discontinuous conditions received
the sixteen sentences from the sentence frames expanded 1into

three-sentence blocks as above, four sets in each of the four different

sentence forms.

At the end of each set of three sentences a question was asked to ensure
the subject's continued attention. Half the questions required "Yes"
answers and half "No" answers.

A full set of materials for both conditions appears as Appendix 16(a).

8 filler sentences were used, for the continuous subjects the fillers
were discontinuous blocks and for the discontinuous subjects the fillers’

were continuous blocks. In order to further prevent expectations being
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built wup, in the filler sentences earlier than and once were used

instead of before and after.

Design and Procedure

Independent samples were used for the continuous/discontinuous dimension
with order-of-mention, clause order and sentence position being
within-subjects factors. Each subject saw a different random order of

sentences.

Each subject received 16 sets of sentences as described above plus 8
fillers. A practice series of 4 sets similar to those described above

was provided.

Subjects were asked to sit in front of a computer screen and place their

hands on the keyboard so that their thumbs were on the space bar and the

" " " "

forefingers of each hand over two Kkeys labelled yes and "no".
They were told to read the sentences carefully when they appeared and
press the space bar when they had read the senténce. They were told
this procedure would be timed but the most important consideration was

that they should answer the questions accurately.

Sentences were presented on a BBC Microcomputer. Subjects were
instructed to press the space bar to obtain the first sentence, when
they had read it to press the space bar again for the second sentence to

appear. This procedure was repeated for the third sentence and then for

" "

the question. The question required a "yes” or "no" answer and subjects

were required to press the "Yes" or the "No" key as appropriate.
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During presentation of the four practice sets the experimenter remained

with the subject to ensure that the instructions were fully understood
and then withdrew before the main part of the experiment began.
the

Time between the appearance of the sentence on screen and the

subject pressing the space bar was measured in miliseconds.

By-subject and by-sentence analyses were carried out and the results are

presented below.

RESULTS

The results were analysed in a 2 (continuous vs discontinuous) x 2

{(order-of-mention vs reversed-order-of-mention) X 2 (subordinate-main vs
main-subordinate) % 3 (sentence position) design. The overall means of

the reading rates for each of the groups are shown in Table 16.1:

SENT 1 SENT 2 SENT 3
i
O0OM ROCM O0OM ROOM O0OM ROOM
SM MS SM MS SM MS SM MS SM MS SM MS
Aft Bef {Bef Aft aAft Bef| Bef Aft Aft Bef| Bef Aft
Cont 2.05 2.2112.12 2.26 3.31 3.03(2.27 3.04 4,17 3.63|3.35 3.72
Disc 2.04 2.07{2.18 2.13 2.36 2.9312.35 2.19 2.27 2.37]11.96 1.76
Totai 2.05 2.1412.15 2.19 2.83 2.98(2.31 2.61 3.22 3.00(2.66 2.74

Table 16.1:

Mean reading rates for
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There was a main effect of continuous/discontinuous, continuous having a
reading rate of 2.930wps and discontinuous 2.218wpS (F1=5.68, df=1,38,

P<0.05; F2=87.70, df=1,30, P<0.00001).

There was a main effect of sentence position, with reading rates as
follows, Sentence 1: 2.132wps, Sentence 2: 2.684wps, Sentence 3:

2.905wps (Fl=12.44, df=1,38, P<0.0001l: F2=76.72, d4f=1,30, P<0.00001).

There was a main effect of order-of-mention (2.703wps) vs those with

reversed-order-of-mention (2.445wps) (F1=13.86, df=1,38, P<0.001:

F2=3.34, df=1,30, P<0.07).

There was an interaction between sentence position and continuous vs
discontinuous (F1=13.12 df=2,76, P<0.0001: F2=84.17.
df=2,60, P<0.00001), as shown in Table 16.2 below:
Sentence 1 |[Sentence 2 | Sentence 3 Mean
cont 2.160 2.911 3.718 2.930
Disc 2.104 2.458 2.091 2.218
Mean 2.132 2.685 2.905 2.574

With continuous sets reading was

whereas with discontinuous sets, although the second sentence was read

Table 16.2:

Reading rates for separate sentences in

continuous and discontinuous conditions

faster from

sentence

through 3,

faster than the first, the last sentence was read much more slowly.

There was

an interaction
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order-of-mention vs reversed order-of-mention (F1=8.48, df=2,76,

P<0.001: F2=9.69, df=2,60, P<0.0005), as shown in Table 16.3 below:

Sentence 1 | Sentence 2| Sentence 3 Mean
OCM 2.092 2.906 3.110 2.930
ROOM 2.178 2.463 2.834 2.218
Mean 2.135 2.685 2{972 2.574

Table 16.3: Reading rates for separate sentences in
OCM and ROOM conditions

For sentence 1, OOM sentences were actually slower than ROOM, but
especially for sentence 2, and also for sentence 3, OOM sentences were

read more quickly than ROOM.

There was no effect of clausal order (Fl<l, df=1,38; F2<1, df=1,30) and

this factor did not interact with any other factor.

There were no other significant effects.

Details of raw data are given in Appendix 16{b) 'and details of analyses

in Appendix 1l6(c).

DISCUSSION

The results showed continuous sets were read more quickly than
discontinuous. Sentences were read faster as they became second/third
in a set with continuous sets but this pattern was disrupted in sentence

3 with discontinuous sets. There was a main eﬁfect of order-of-mention
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being faster than reversed order-of-mention.

As in experiment 15, on the first sentence there was no effect of
order-of-mention, but sentence 2 and sentence 3 both showed effects of

reversed-order-of-mention slowing down processing considerably.

The results support my experiments in chapter 2 on memory for temporal
information which confirm similarities exist between representations of
temporal and spatial information. They also confirm findings from
experiment 15 that order of mention in a sentence becomes significant in

updating rather than on initial construction of, representations.

EXPERIMENT 17

INTRODUCTION

One piece of text provides context for the next sentenceto be read. 1If
the next sentence contains a pronoun we expect the antecedent of that
pronoun to be available in the model built up from the previous text, or

from some deictic gestures.

If no antecedent 1s readily available the discourse is what Kaplan
{1976) calls "inconsiderate”, and one would expect reading time to be
slower where a reader has to struggle unsuccessfully to find an

antecedent in previous text.

The presence of a reference time in previous text has often been likened

to the presence of a nominal antecedent (see e.g. Partee 1983) and this
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analogy can be pursued by examining whether the absence of a clear
temporal referent disrupts language processing in the same way as the

absence of a clear nominal antecedent does.

In order to test this analogy it was decided to compare reading time for
sentences following a context sentence with one clear nominal antecedent
with sentences following the same context sentence but with two

possible antecedents. This would check that the disruption of normal
processing affected reading time and provide a comparison for the

temporal factors.

Sets of temporal sentences were similar in that the first sentence could
provide either one or two temporal antecedents and it was expected that
where there were two antecedents for the temporal reference reading time

for sentence 2 would take longer.

METHOD

Subjects

32 undergraduate psychology students took part in this experiment. Ages
ranged from 18-40 and there were approximately equal numbers of males
and females.

Material

12 "nominal" sets of sentences were composed. The first contained two

nouns that «could serve as antecedents for a pronoun in the second
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sentence, the second sentence contained a pronoun and the third was a

guestion e.g. Peter ate a pie and a chocolate bar.

It made him feel sick.

Did he eat a salad?
12 "temporal" sets of sentences were composed. The first contained two
different events happening at different times which could serve as

reference times to be referred to Dby the second sentence, the second

sentence contained a reference to one of the events and the third was a

}

quéstion e.q. Déve(was filming in Rome all January and Milan all March.
It was a tiring month.
Was Dave a film star?
All 24 sets were also produced so that only one antecedent (nominal or
temporal) was present. This was done by omitting the first object from
the first sentence of even numbered sets and the second cebject from odd
numbered sets to avoid any bias from position in sentence. The
questions were worded so they produced appropriate answers to one
and two antecedent sets. Half the questions were designed to give "yes"

answers and half "no" answers.

The sets of sentences were used to produce 2 1lists of material as

follows

List 1 List 2
Sentences 1- 6 Temporal - 1 antecedent Temporal 2 antecedents
Sentences 7-12 Temporal - 2 antecedents Temporal 1 antecedent
Sentences 13-18 Nominal - 1 antecedent Nominal 2 antecedents
Sentences 19-24 Nominal - 2 antecedents Neominal 1 antecedent

A full set of material appears as Appendix 17(a).
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Design and Procedure

This was a repeated measures design as subjects saw both temporal and

nominal sentences in either 1 or 2 antecedent conditions.

Subjects received either List 1 or List 2. The sets of sentences were
presented at random to subjects interspersed with 120 other sets of

sentences from another experiment (on thematic roles).

Subjects were tested individually. They were asked to sit in front of a
computer screen and place their hands on the keyboard so that their
thumbs were on the space bar and the forefingers of each hand over the

"

two Kkeys labelled "yes" and "no". They were told to read the sentences
carefully when they appeared and press the space bar when they had read
the sentence. They were told this procedure would be timed but the most

important consideration was that they should answer the questions

accurately.

Sentences were presented one at a time on a BBC Microcomputer.
Subjects were instructed to press the space bar to obtain the first
sentence, when they had read it to press the space bar again for the

second sentence to appear. Then they should press the space bar to

n " 1]

obtain the question. The question required a "yes" or "no" answer and

Li] il

subjects were required to press the "yes" or "no" key.
There was a practice set of 6 sentences during which the experimenter

remained with the subject before the experimenter withdrew and the main

experiment began.
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RESULTS

The results were analysed in a 2 (temporal vs nominal) x 2 (1 antecedent
vs 2 antecedent) analysis of wvariance. Sentence 2 was the critical
sentence - where the antecedent for the pronoun had to be found. Mean
reading rates for sentence 2 for the four groups are shown in Table

17.1 below:

Temporal Nominal
1 antecedent 2 antecedents 1 antecedent 2 antecedents
. 5.62 4.84 5.63 5.21

Table 17.1 Reading rates for sentence 2 in all four conditions
There was no difference between reading rates for Temporal (5.20wps) and

Nominal (5.38wps) sentences (F1=2.6]1, df=1,31; F2<1, df=1,11).

For both nominal and temporal sentences there was a significant
difference between those sentences where the pronoun had one antecedent
and those where 1t had two antecedents, (F1=14.9, df=1,31, P<0.001;

F2=11.1, df=1,11, P<0.01).

There was no significant interaction.

Details of raw data appear as Appendix 17(b) and of analysis as Appendix

17(c).
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DISCUSSION

This experiment shows that with both temporai and nominal sentences

pronouns were resolved faster where there was only one possible

antecedent.

This supports an approach such a Partee's which explores similarities

between the two types of anaphora.

GENERAL DISCUSSION

Drawing together the findings from the apparently disparate series of

experiments in this chapter I am led to 7 main conclusions.

1. Clause order does not affect reading time, i.e., no

effect is found in experiments 13, 14, 15 and 16.

Thus, however we decide that processing proceeds we cannot take the
same course as Partee does and lay down a set of principles which
apply to preposed adverbial clauses while making no predictions
about postposed ones. Any theory should take on board the fact
that whatever processing strategies we use for the two types of
clauses they must account for both orders taking the same time

except under very extraordinary circumstances.

2. Effect of individual connectives - in experiments 13, 14 and 15,
different connectives with similar meanings (because/since,

after/once), produced different reading times in the

-225-



sentences/clauses (depending on which unit was being measured) which

contained them.

This suggests there may be some doubt about any theory which claims
relations, e.g. first/last, to the right of/to the left of, more
causal/less causal are processed in any preferred order without

stringent tests that it not a word effect such as, more fregquent

words being read more quickly, more common expressions aiding

comprehension, etc.

That context could did or inhibit easy processing. Subordinate
clause and main clause contexts in experiments 13 and 14 had
different eifects depending on the type of connective, with
subordinate <clause context tending to facilitate processing of
temporal sentences (before only sentences in expt 13) and main

clause context speeding processing of causal sentences.

Order of mention of events 1in sentences proved a very important
factor in experiments 15 and 16 - as the model construction became
more complicated order-of-mention had a very significant effect on
speed of reading - what appears from these 1is an effect of
constructing a model. It seems from 13 and 14 that where
processing does not make quite such high demands 1.e. where
sentences are more similar to normal discourse, order-of-mention may

not be important even in the updating of a model.

The difference between continuous and discontinuous sets of

sentences was found to be important, indicating
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parallels can be drawn between this experiment and that of

Ehrlich and Johnson-Laird (1982).

Experiment 15 indicated that temporal order of events, i.e. whether
sentences moved forward or backward in time may affect processing,
and there was some suggestion this may be because this is the way

events are commonly described.
The presence of more than one antecedent 1s shown to disrupt

comprehension in a similar way for both temporal and nominal

anaphora.
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CHAPTER VI - CONCLUDING REMARKS

6.1 Mental models

6.1.1 General

The idea that discourse can be represented in a format similar to that
of perceived or imagined events wasmootedipy Johnson-Laird (1970) and is
similar to ideas of Bransford, Barclay and Franks (1972}. I began
with the assumption that Johnson-Laird's (1983) "mental models" approach
is able to explain most linguistic phenomena. As we "deal with" "text"
in any way (reading or listening), there are two sorts of
representations available to us - propositional representations and

mental models which are an integrated version of the text, with all

ambiguities and pronouns resolved.

As we read/hear "text" wunder "normal" processing conditions, a mental
model is built up, and details of propositional form are lost very
quickly. However Johnson-Laird and Stevenson (1970) and Stevenson
(1988) showed that knowledge that a memory test was to follow a piece
of text could change this and cause a more propositional representation

of the passage to be retained.

If processing conditions are such that we can build a model - how much
detail of temporal order is retained in it? It may be true that we don't
remember them as well as we remember other detail from text {Sturt
1925), or that .we do not readily represent sequential episodic

information but I would argue we do to some extent at least, remember
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the temporal order of events in a passage. Stenning (1990) argues that
rather than remembering the sequence of arbitarily ordered events on the
basis of one occurrence, we retain order information on the basis of
general knowledge of regularities, for example remembering that he ate
bacon before he ate lettuce one day might be largely on the basis of his

knowledge of his dietary habits.

This may be part of the explanation of our memory of temporal order in
text but I feel he misses out one very important source of our knowledge
of serial order - causality. Our understanding of the world involves
our perceiving causal relationships between two events, and this is so
deeply part of our cognitive wunderstanding it imposes its own ordering
without our conscious awareness. We see a woman put up an umbrella and
know that this is because at some earlier moment it started to rain,
snow or hail. Linked to causality is the idea of intentionality which is
again intimately and inseperably bound up with serial order. If we take
a book down from the shelf because we intend to read it, opening the
book becomes another event necessitated by the intention which has to
come between taking the book down and beginning to read. Even if we
never actually read a word those two actions are placed into a temporal

order by our (unfulfilled) intention.

As already mentiorned in the introduction, there is evidence that
children find it easier to understand sentences containing this type
of information, 1i.e. when 2 events are logically connected, (Trosberg
1981, French and Brown 1982) and reversing the logical order has such a
strong effect on adults they often read sentences wrongly (Fillenbaum

1974). Experiment 1 findings support this as memory for events in
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logical order was better than for arbitary order.

It may help us understand the way we comprehend temporal order from
language to note that we seem to produce language in a coherent form
which made it quite difficult for me to select events which fell outside
logical order when designing the experiment. An event which appeared to
fall outside logical order at first glance was often co-temporal with an
event which was in logical order and therefore would be almost equally
remembered. For example "the water was very hot" would be remembered as
being relevant to and co-temporal with the children getting washed and

therefore also fall logically between their getting up and going out.

This is supported by other findings from experiment ‘l, that more
information was remembered about order of events and temporal items from
the "main story line". This term is used by Partee, andé as she doesn't
definite it clearly, I am taking a common sense meaning which likens it
to what Bartlett (1932) calls "gist"” , and slso to what is now know as

focus (c.f. Grosz, 1971).

The main story line is marked by the salience of the events described
in 1it, which would be linked by causal and intentional relations as

mentioned above.

Peripheral events are tied in to the main story line to different
degrees but do not have the same strong intricate connections to order
of other events and thus are more easily disconnected from the temporal

line running through events in the main story line.
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I wanted to 1look at which factors might lead to clear continuation
through main-story-line and while it seemed possible syntactic factors,
such as main story line continuing through syntactic categories (main

clauses) might be involved, regularities of the nature described above
seemed to depend very much on the semantics and pragmatics of the
sentences involved. This posed a problem as far as experiments were
concerned as stabilising various elements in the story-framework could
have invoived imposing an element of uniformity on them which could

often seem at odds with naturalistic language.

However, 1in order to test more exactly the way in which a discourse
model might be constructed from a series of sentences it was decided a
more formal framework for material might provide interesting data about
model building. In particular the importance of referential continuity
and the effect clausal order has on relative ease/difficulty of model
building and updating could be examined. For this purpcse an experiment
along the lines of Ehrlich and Johnson-Laird (1982) could be designed to
deal with temporal order which would examine the influence of
referential continuity and clause order as well as provide groundwork

for later work comparing spatial and temporal representation.

Ehrlich and Johnson-Laird (1982) showed that referentially continuous
descriptions led to more accurate diagrams being drawn than
referentially discontinuous ones. Subjects tried to <construct an
integrated representation sentence by sentence as they reaéd it. I
have shown (in experiments 15 and 16) that similar factors play a role
in the representation of temporal order of events and also that there

are other parallels between the representation of spatial
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layouts and representation of temporal patterns.

In both experiments 15 and 16 <continuous sets of 3 sentences were
compared with discontinuous sets of 3 sentences. Continuous sets were
always read more quickly than discontinuous, supporting Ehrlich and
Johnson-Laird's results, and confirming a model is built up using the
referential continuity of sentences in this condition. Discontinuity

disrupts the processing and prevents a mcdel being built up.

Reading speeds for individual sentences cast more light on how this
factor worked over the whole pattern. In continuous sets of sentences
the second and third sentences were read slightly faster than the first
sentence. In discontinuous sets, however, the second sentence took
somewhat longer than the first, and the third sentence, where
information from the two previous sentences had to be integrated took
half as long again to read as the first sentence. Here is an indication
that referential 1links aid building a representation and may well

contribute to a weil-defined main-story-line.

Another clue might be Partee's suggestion that a series of events moving
forward in time might be easier to represent, and in some way a more
"natural" ordering of events than events described in reversed order.
'She refers to this mainly with respect to information contained within
a sentence, however, experiment 15 showed that where sentences
described events happening from the latest to the earliest,

e.g. She played with the car before she played with the ball

She played with the dog before she played with the car

She played with the wvan before she played with the dog

(where the order is van - dog - car - ball) "backward" sets took longer
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than "forward" sets, the difference occurring in the reading time for

the third sentence.

This factor also occurred within sentences, where two events can be
mentioned in the order in which they occur in the real world.

She danced and then she sang.

She danced before she sang.

After she danced she sang.
or reversing the order in which they occur in the real world.

Before she sang she danced

She sang after she danced
Previous findings conflict on whether processing is affected by this
factor, with reversed order of mention sometimes being found to increase
processing difficulty, especially among young children (Clark and Clark

1970).

My experiments indicate that this factor might be more important at the
stage of updating & representation,than on initially hearing a
sentence. In both experiments there is no effect of order-of-mention
corresponding to the ordering of events in the real world aiding
processing 1in the first sentence but this factor increases reading time

on sentences 2 and 3.

If when constructing a representation, instead of immediately starting
from the assumption that events move forward in time, we actually
gather this pattern as subsequent sentences are aaded to the discourse
representation we might expect a different pattern to emérgé

where the events unfold in a backward direction, and in fact there is
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some sign that this is the case. Sentence 3 1in a backward
direction 1is the only place where events in reversed order of mention
areé read more rapidly than events in forward order of mention. By this
stage in building a representation subjects have realised they are
adding events on earlier than the original sentences and this find it

increasingly easy.

It has been shown that another factor which disrupts fast trouble-free
processing of text 1s when the resolution of anaphoric reference is not
straightforward. If there_ is no one clear antecedent in previous text
reading time will be lengthened. Partee draws on similarities between
nominal anaphora, (where an object or person is the antecedent for the
pronoun) and temporal anaphora., (where the referencé +time for one
sentence 1s contained in the previous sentence "We had a party. Sam got

drunk.")

Experiment 17 shows both types of anaphora act 1in the same way 1if
processing is disrupted by the absence of a clear antecedent or temporal

referent.

As I found with composing material for experiment 5, there were problems
which seemed to throw light some of the limitations which exist on the

ways we can expréss temporal relationships.

The idea was to provide two temporal referents in the context sentence
and see if this disrupted processing when a second sentence {the
target) was read where 1t was not clear which was the temporal

antecedent.
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It was discovered that sentences had to be of the form "She went to the
pictures on Saturday afternoon and the theatre on Sunday afternoon”, for

the target "It was a very good afternoon."”

A more general antecedent, "Peter went to a party on Monday and a
leaving do on Tuesday. He got - drunk." is easily interpreted as
happening at Dboth mentioned times rather than, disrupting processing
because the reader has to decide whether the ‘antecedent is Monday or
Tuesday. Similarly, with "We went to the park this afternoon and
stopped at the river on the way home. It was very lovely. Instead of
there being two possible antecedents, "It" 1is easily interpreted as
referring to the latest of the +two events, 1i.e. the stopping at the

river.

We have shown some general properties of mental models as far as
temporal processisng is concerned.

1. That main story line and logical order aid memory, possibly because
of the way we normally organise serial order according to conventional,
causal or intentional relations.

2. That smooth building up of a model is aided by referential

continuity and events being described in forward direction.

3. That when serial order is being described, having order-of-mention
in sentences in the same order as in the real world aids processing
(normally we describe events forwards in time but -there is Some
indication that under certain circumstances backwards description might

be as easy).
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4, That lack of an unambiguous temporal reference disrupts processing.

6.1.2 "Temporal Confusions”

Garnham (1986) felt that one important fact about mental models was that
they were more than just a semantic representation. Having heard "By
the window was a man with a martini" subjects would mistakenly identify
having heard "The man by the window shouted to the hostess", when in
fact the test passage had said "the man with the martini shouted to the
hostess.”. Once the propositional form 1is 1lost, what is left is a
mental model which is an almost pictoral representation of the world

described by the text.

In the previous section I have argued that it is habitual, causal or
intentional relationships that often allow us to discern temporal order.
We "have a good idea" of the temporal relationships of many of the
events 1in our 1lives, thus knowing when and in what order two things

usually happen together.

When a texzt describes two events which co-occur it seems reasonable that
they are represented together, linked by their co-occurrence if by no
other habitual, causal or intentional relationship. If the
propositional form was lost we might well expect to lose the semantic
distinction that A happened at, say 6 o'clock and B occurred at the
same time as A, and would expect that we would be 1left, in the
interests of brevity and simplicity, with "A and B both occurred at 6
o'clock". At the end of a passage subjects would be unable to remember

the exact linguistic form in which this information had occurred.
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If this is so, it 1is possible +the extent to which this happens is
modified by whether or not subjects know a memory test was to follow

(Johnson-Laird and Stevenson, 1970; Stevenson 1988).

In both story experiments there was evidence that the two co-occurring
events were being represented in some form which made the original
propositional information difficult to  recover. In the first
experiment, 652 of subjects c¢laimed they had the "temporal confusion®
sentence e.g. after reading "At 7.30 Jan packed the last of the
bedding. At the same time Margo made some breakfast." 65% subjects

claimed to have read "At 7.30 Margo made some breakfast.”

In the second experiment where there were six stories, it 1is possible
that results were affected by the expectations subjects had built up
about the questions they would be asked. Two adjoining sentences
describing two events co-occurring, of the form described above were

compared with two adjoining sentences describing events sofe time apart.

The test sentence in both cases took the time from the first sentence

and the event from the second.

Two co-occurring events would be, for example, "Just as she was leaving
her boss had asked her to get a cail to New York. Then the Managing
Director had arrived and delayed her." and the recognition sentence
"Just as she was leaving the Managing Director had arrived and delayed

her."
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Two events far apart would be, for example, "Last week she had put some
trifle spongeé at the back of the fridge. Yesterday she had bought an
orange jeily." and the recognition sentence "Last week she had bought

an orange jelly."

The subjects' knowledge of the type of question they would be asked
seemed to influence processing, so that subjects recognised paraphrase
sentences included as controls; combined sentences of two co—occhrring
events, and combined sentences of two events faf apart all about 308 of

the time, a lower proportion than found by Johnson-Laird and Stevenson

and by me in experiment 1.

The lack of difference betwéen the two events at the same time and those
a distance apart can be explained using the arguments from the previous
section. In order to select items that occurred some length of time
apart, for example a week 1in the extract abové, it was necessary to
chose two events which were not important to the main story line and
which were not closely habitually, causally or intentionally related.
In these cases the length of time apart becomes irrelevant to the
temporal ordering of events in the main story line and soc 1s as likely
as two events close together to be confused, which they were about 303
of the time. This finding can be taken as supporting, and perhaps
explaining Sturt's more general conclusion that temporal detail is often

poorly remembered.

In Experiment 4, set up expressly to test for the effect of temporal
confusion, a very strong effect was found of temporal confusion with

half the subjects 1in both groups (aware of the memory nature of the
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experiment and unaware of the memory nature of the experiment) confusing
the two. This confirms the likelihood of two related or two co-occurring

events being associated in the representation.

6.1.3 Spatial and Temporal Representation

Clark (1973) proposed the human concept of time is actually a spatial
metaphor. Children spontaneously gain knowledge of physical space as a
result of their early perceptual and motor experiences. Time is learned
by analogy to this fundamental, cognitively prior, perceptual model of
pnysical space. Linguistic references to time are metaphoric extensions

of the dimensional semantics of space.

This allows him to «claim that, when acquiring 1language, spatial
expressions should appear before time expressicns and in particular that
terms that can be uzed both spatially and temporally should be used
spatially first. Richards and Hawpe (1981) test this, looking at word

pairs before-after, ahead-behind and first-last, which could be

used both spatially and-temporally.

They found "each word pair appears to be acquired in one of its multiple
uses earlier than the other, but the pattern of acquisition varies with

the word pair. Before-after are acquired earlier in reference to

temporal sequence or to spatial seqguence implying temporal sequence than
in reference to spatial position alone. Similarly the sense of
first-last acquired earliest is primarily temporal. In contrast

ahead-behind are acquired earlier in reference to spatial position and

spatial position implying temporal sequence than in reference to
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temporal sequence alone”. (P.501)

In common with my experiments 13, 14, 15 and 16, Richards and Hawpe
found differences between individual words within a concept, which
should act as a warning against too hasty generalisation into

categories, such as "spatial”, "causal" or "temporal”.

The differences are illustrated by the findings that between ages 4 to
6, although there was a significant improvement across age,

before-after both words equal at both ages

first-last first superior to last at both ages

ahsad-behind behind superior to ahead at both ages

Although, it =ceems from this that we do not acguire temporal terms as
derivatives of our spatial understanding, the co-incidence of words
having both temporal and spatial meanings, and the frequency of spatial
metaphors for time led me to feel that there mav well be similarities in
our representations of the two dimensions, and that this was an avenue
which could be usefully pursued. It was therefore thought useful to
continue the theme begun in the analog of the Ehrlich and Johnson-Laird
{1982) experiment by comparing our understanding of temporal terms with

our understanding of locative terms.

Sturt (1925) found fromher short stories that space and time details
were remembered to a similar extent and my experiment 2 verified this.
Subjects were asked the temporal order of four -events and the location

in which four different events happened and scores were similar to both

types of questions.

~240-



However, with other questions in this experiment I raised the
possibility that foreknowledge o¢f the memory test would enccurage the
construction and retention of a different type of representation. Under
“normal" reading or listening conditions the reader/listener tries to
obtain a clear understanding of what the speaker/writer is trying to

communicate.

Barclay's (1973) experiment which investigated representation of a
spatial array was therefore altered to investigate representation of a
series o0f events in a .definite temporal order. Resulfs showed
similarities between the way that spatial and temporal information can

be represented.

Barclay showed that the instructions given to subjects affected the way
in which they dealt with the information presented. Instructions that
made clear a memory test of the sentences was to follow led subjects to
retain detail about the linguistic form 1in which the information was
originally given to them. Instructions to work out the order of the
objeqts in the array led them to lose this linguistic detail ancé instead
show a high level of accuracy in distinguishing sentencesAaccurately
describing the array (but often not the original sentences) from those

not true of the array.

An initial review of my results shows comparable processes at work.
Subjects told to work out the order of the events described were
significantly more likely to say they recognised those sentences true of

the array than those false of the array, but could not distinguish
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the sentences actually presented. Those told to memorise the sentences
were slightly more likely to recognise the original sentences but did

not distinguish those true of the array from those false of the array.

Despite initial similarity, it seems to me that the level of difference
between my results and those of Barclay is enough to support the
suggestion that temporal information is harder to represent than
spatial, especially when subjects were asked to construct a model of

the situation described.

On a confidence rating of 1 to 5, Barclay's subjects gave an average
score of 3.10 to having heard sentences true of the array before and an
average 4.04 not having heard sentences falsze of the array befors.
Comparable figures from my experiment are 2.18 for those true and 1.49

for those false.

This would accord with an account of model construction which envisages
it as similar to "forming a picture in the mind". It 1is possible to
form & picture of an array of five animals, such as Barclay's sentences
described, while not possible to form a simultaneous picture of five
events, 1f these are represented pictorally ifr would be in a form like
the Bayeux tapestry, with events ocurring in a temporal order
represented along a spatial dimension. We cannot keep the whole display
in mind at any one time but have to concentrate on one part of it, thus

making it more difficult to keep a clear picture of the temporal order.

The results of an experiment carried out to explicitly test differences

between spatial and temporal representation support this conclusion.
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Bransford, Barclay and Franks (1972) gave 10 spatial passages to
subjects, for example - "The chair is next to the table. The book is
on the <chair. The chair is to the right of the table. The chalr 1is
wooden and very solid." and discovered that, often, especially if the
exact sentence was not available as an option, subjects would mistakenly
recognise “The book is to the right of the table." which is consistent
with the array described but different from the original wording.

They claimed that subjects had formed a representation in the form of a
model, or picture of the situation and once the linguistic form had
been lost, the mistakenly recognised sentence was consistent with the

representation ané therefore judged correct.

I gave subjects five spatial and five temporal passages (where a
temporal one would be, for example "The mouse ran and the cat meowed.
As the cat meowed the child Jjumped. The child jumped after the mouse
ran. The mouse was grey and ran fast.") Subjects were asked whether

"The cat meowed after the mouse ran" appeared in the passage.

My experimental results were different from those of Bransford,
Barclay and Franks. For both spatial and temporal passages subjects
were less likely to choose a description where the co-occurring
event/object had been substituted even though the sentence was a correct
description of the situation. However this conceals a great
difference between spatial and temporal passages. Overall more correct

descriptions were scored for spatial passages.

With temporal passages subjects were very unlikely to mark a correct
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description where the co-occurring event had been substituted.
Whereas,with spatial passages there was slightly more likelihood of
subjects marking the correct description with the co-occurring object
substituted. This again suggests to me that it may be more easy to
build up a model which represents a spatial array after which the
linguistic form 1is 1lost than it is to build a model which represents a
temporal order of events. As suggested in Chapter 1II, this may be
because of the increased complexity of: temporal over spatial
relationships - spatial relationships involve objects while temporal
ones involve events. The increased memory load when subjects try to
remember temporal relatiqnships may then lead to a strategy where people
concentrate on remembering the actual events rather than the

relationships between them.

The increased difficulty of building a temporal model over building a
spatial one is also reported in @ paper by Oaknhill and Garnham who use
the Ehriich and Jonnson-Laird (1982) experiment as a basis for an
experiment looking at effects of referential continuity, transitivity,
and temporal vs spatial relations. They point out that although
Johnson-Laird asserts that there are many types of mental model -
abstract as well as spatial he does not make any specific claims about
the relative difficulty of constructing each type. 0Oakhill and Garnham
contrasted on the right of/on the 1left of (spatial) with older

than/newer than (temporal).

The also compared sets of sentences where transitive inferences were

possible:
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The racquet 1s older than the hockey stick.

The football is newer than the hockey stick.

The racquet is to the right of the cricket bat.

with those where they weren't:

The racquet is to the right of the hockey stick.

The football is newer than the hockey stick.

The racguet is older than the cricket bat.

They predicted that while descriptions that permitted transitive

inferences would always be easier than those that did not, the advantage

would be greater for the spatial than for the temporal relation.

They tested immediate comprehension by asking a question about each
description as soon as subjects heard it, and later gave an unexpected

recognition memory test.

There were differences in experimental technique between their

experiment and my analog of Ehrlich and Johnson-Laird; subjects were

1] "

read the sets of sentences and they were asked to circle a "yes", "no
or "can't tell” answer on a pilece of paper. My sentences were presented
on a VDU and although my subjects were asked a question at the end of

each description, my data were the reading times for each of the three

sentences in a set.

Oakhili and Garnham found passages where there were two spatial
relations easier than those where there were two temporal terms.
Transitive sets were easier than non-transitive ones. There was also an
interaction with transitive vs non-transitive because spatial were very
much easier than non-spatial relations in the transitive condition but

only slightly easier in the non-transitive.
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The recognition sets that were given after the experiment were
intended to be memory for "gist" - giving subjects a choice between
exact linguistic form, paraphrase and two sets of sentences inconsistent
with original set. Spatial relations in this task were 1less well
remembered as were transitive descriptions. The authors explain this
by saying that as subjects were under no time pressure at encoding they
spent longer on the descriotions they found more difficult {temporal and
non-transitive ones) and hence had processed tﬁese better and so the

difficult descriptions were subsequently more easily remembered.

Their evidence backs up my results that & model of a temporal series
of events is more difficult to built up than one of a spatial array of

objects.

Their second experiment used a similar measure to mine, - reading time

for the individual sentences. In their experiment subjects took
progressively longer to read the successive sentences of the
descriptions. The effect of discontinuity showed up in the final
sentence of transitive descriptions but on the second sentence for
non-transitive descriptions. Descriptions containing two spatial

relations were read more rapidly than those with two non-spatial only

when they were also transitive.

In that the final sentences of discontinuous descriptions took longer
than the final sentences of continuous descriptions their results are
similar to those of Ehrlich and Johnson-Laird (1982) and of my

experiments 15 and 16. The second sentence in the discontinuous
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description also took a relatively long time to read and they
explain their results by saying that memory 1load at this point is
greatest where subjects have four objects between which no links can be
made, and this explanation also accounts for a similar finding in my two
experiments. Reading times also support the finding of their first
experiment that when a model supports useful inferences, its
construction 1s easier with spatial than with non-spatial terms.
%

Because the material wused by Oakhill and Gafnham invelves a different
sort of tempqral relationship (older/newer) than in my experiments,
these relationships to appear to be, at least superficially, between
objects 1in the same way as spatial relationships. The fact that even
with this material temporal medels took longer to construct supports a
hypothesis that there may be something inherently more difficult about
representing temporal relationships between arbitary objects than

representing spatial relationships between arbitary objects.

6.1.4 Structure and Salience of Eveéents

It has been argued that when reading/listening to a sentence we build
a propositional representation and usually, somewhat later, a mental
model. The time course of these two processes 1s not yet certain.
Crain and Steedman (1986), for instance, suggest that a fairly semantic
representation 1is built up word by word whereas others disagree. For

example Bever and Townsend (1978), argue we immediately obtain semantic
information for main clauses, while only obtaining on-line propositional
information from subordinate clauses and not until the ﬁiausg 5ounda%y

is the complete representation available.
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This means that we are uncertain with reading time experiments like
those in Chapter 5, at ezactly what point in the construction process
we are interrupting and it is only when the question is answered at the
end of the third sentence that we can be «certain that processing has
been completed. However, as argued in the introduction, 1if the
experimental task 1s writing a continuation, we can be sure that the
previous sentence or sentence fragment has been fully understood and in
this respect continuation experiments seem to be a useful way to obtain
an indication of the structure of the discourse model and the relative

salience of the events within it.

I expected the temporal order of events to be one of the aspects which
structures discourse models, for instance, I expected something that
occurred recently to be more salient than something that occurred 5 days

ago, all other factors being approximately equal.

Partee (1983) seems to agree with me in that she c¢laims that
simple linear progression 1is probably the unmarked value of discourse
structure. She says "in construing a piece of narrative as linear we
assume that successively introduced reference times strictly follow one
another." So, (1) 1in the simple linear case an event clause mcves the
narrative forward by bringing in a new reference time "just after" the
given event. We shall examine how her argument specifically applies

with main and subordinate clauses in a later section.

Partee feels clausal structure of the sentence 1is another factor

affecting salience, and talking about the time at which the next event
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will be deemed to occur, states (2) "the reference time in effect after
the complete sentence is processed depends on which clause was the main
clause - this corresponds with the informal observation thdat it is main

clauses that carry the main story along in a narrative.”

In order for this to be possible she has to construe before clauses as
not part of the linear narrative - otherwise (2) would conflict with
(1). By doing this she also accounts for the ease with which before

clauses are understood as non-factive.

I wanted to check on some of these statements and see what does
determine what is salient in the mental model after sentences containing
temporal connectives. For example, if before is not part of the
linear narrative 1 would ’expect peiore clauses to be salient for

continuations less often than after clauses.

My first experiment with befpre showed 67% continuations from the main
clause, 26% from the subordinate clause. A substantial minority
thus come from the subordinate clause and this leads me to doubt (a)
that main clause continuation 1is the "unmarked" option and (b} that
before clauses are in some sense "unusual” in not forming part of the

linear narrative.

It was unclear whether different types of before (factive, non-factive,
neutral) 1led to differences in salience. A general conclusion would
be that neutral before clauses tend to lead to more subordinate clause
continuations. I have suggested this may bebecause subjects experienced .

a need to clarify what they saw as an ambiguous previous sentence and
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doing so involved making clear the factivity or non-factivity of the

before clause, leading to more continuations from this clause.

In both experiments with only before sentences (numbers 10 and 11)
more subordinate clause continuations came from sentences in
main-subordinate order than those in subordinate-main order. This may
support either (a) last mentioned event in text being most salient; or

{b) last occurring event in the world described being most salient.

Experiment 12 shows that clausal order of sentences {(whether

main-subordinate or subordinate-main) with after, when and factive

pefore has no effect on the ratio of main and subordinate
continuations. Thig indicates that order-of-mention 1in text has no
effect - 1if it did we would expect more main <clauss continuations
with all connectives from sentences in subordinate-main order and more
subordinate clause continuaticns with all connectives from sentences in
main-subordinate order. This 1ipndicates the 1increased number of
subordinate clause continuations with before 1s due to last event in

real world time.

More main clause continuations came from after sentences than
before sentences, showing an effect of order in the real world, and
providing some support for Partee's idea that events in before clause

do not form part of the main narrative.

With when, again majority of continuations came from main clause and

again clausal order was not significant.
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Here we see the syntactic main clause/subordinate clause distinction
having the major effect on salience as expressed by the form of
continuations. This is modified by the semantic/pragmatic effect of
order in the the real world. Order of mention in the text does not

appear to play a part.

6.2 NON-FACTIVE BEFORE

Partee (1973) mentioned that if before clauses do not end wup in the
main linear narrative it might account for the ease with which before
clazuses are understood as non-factive. If, however before clauses are
not represented differently from other temporal <c¢lauses, and 1 can
find iittle evidence that they are, we must look for an explanation in
terms of processing strategies which apply to other aspects of language

as well.

There does not appear to Dbe much written about the existence of
non-factive before with the exception of the extensive analysis by
Heinamaki (1974). However, Kiparsky and Kiparsky (1970) deal with the
factivity of different verbs. They compare those that commit the
reader to the factivity of the object "I bought a sandwich" versus those
that do not "I want a sandwich"; to Kknow x and to believe x are also
good examples of this distinction. Although there are obvious
differences between these verbs and before sentences, this at least
establishes that 1in our everyday language we deal with non~factivity

without problem or question.

It seems to be that it is often only when we begin to examine closely
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the meaning of our utterances that we even realise that there 1is a
difference. With non-factive before sentences, when I read subjecis a
list of before sentences with varying degrees of factivity and asked

"Did the before <clause happen?", subjects were surprised to discover

" "

that sometimes they answered "yes" and sometimes "no".
Accepting that factivity and non-factivity both reqularly occur in text
I wondered how I could discover more about the way it was represented.
I began by verifying that when the non-factivity of the before clause
was reiterated in some way (by providing an alternative ending for the
main clause) subjects were more likely to answer "No" to the question

"Did the before clause happen?”.

They were significantly more 1likely <o remember the non-occurrence of
the non-factive clause when there was a positive alternative ending but
even so, about one third of subjects thought the event described in
the before clause had happened. This may indicates <that a linguistic
representation has been retained, (where the exact words would leave a
trace) instead of ‘a mental model. A mental model would repfeseﬁﬁ the
non-factive information separately from information about events in the
real world so would leave very little ambiguity (Johnson-Laird 1983, pp

430-437).

The answer was also affected by the wording of the question asked -
asking an 1indirect question seemed to affect answersz in a similar way
askiﬁg leading questions affected eye-witness testimony. Loftus (1967)
found that asking "Did she stop at the Yield sign" would increase

subjects likelihood to respond "Yes" to a later question "Was there a
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Yield sign?" In a similar way, asking "How much whisky did she drink?"
increases the 1likelihood that subjects will claim that she drank at

least some whisky.

We should begin by taking Moens and Steedman's (1986) concept that a
reference time should be seen as an event instead of as a point. A
representation of an event is not Jjust a process or culminated
process, but consists of preparatory process, culminated process and

consequences.

Just as they use this to explain the ease of reference, after "When the
built the 39th Street Bridge” of "they prevented a bottleneck in the
city centre", it will similarly account for “They built the 39th Street

Bridge before a bottleneck developeé in the city centre”.

The event of building the 39th Street Bridge 1is represented in a way
that has some indication of its consequences, and these might be a
before clause, factive, or non-factive, or in fact it might be

followed by any purely temporal clause.

I have shown that before clauses are easily, naturally understood as
exhibiting a wide spectrum of factivity, and that when presented to
people as single sentences, subjects often prefer to express some
uncertainty about their occurrence rather than place them clearly into
either a factive or non-factive category. Sentences in

main-subordinate clause order were more likely to be read as factive
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than sentences in subordinate-main clause order.

It often appeared that a second sentence following the test sentence
would have decided the factivity of the before clause in one direction
or the other. For example, it is difficult to continue a sentence I
would classify as ambiguous, e.g. "The government objected before the
book was published." so as to continue the ambiguity. It is much
easier to clarify it, for instance, "however the publishers decided
publication was in the public interest and proceeded." or "After two

lengthy court cases they succeeded in suppressing it."

Similarly, it 1is impossible to split a before sentence 1into two
sentences, one from each clause, withéut resoiving ambiguity ih it.
This was the case when preparing the materials fér’éxperiment 10 when
sentences with a subordinate before clause were  split into two
sentences to see how this affected continuation. It was found that when
the before <clause was uncertain or non-factive 1t was necessary to
clarify its status to produce two sentences, thus:

She went back to work befofé she got well. héd to become

She went backto work. Then she got well. or

She went back to work. This meant she didn't get well.

Does non-factivity disrupt pfocessing? The easiest way to investigate
this would seem to be by measuring reading time for sentences which
produced different numbers of "yes" responses to the question "Did
(before clause) happen?”. A second sentence was added to the one
containing the before clause and, acting on the assumption that
factivity was the "natural" or ‘“"unmarked" reading, <this sentence took

the first clause as factive and continued as if it was.
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Reading time experiments were thought to be good 1indicators of the
difficulty people had with non-factive before clauses as opposed to
other before <clauses. Sentences did not show a clear increase in
reading time correlating with perceived non-factivity but there was a
difference between the 12 most factive and the 12 most non-factive, with

the 12 most non-factive taking longer.

In order to confirm that the "“natural" reading was not factive, but
either factive or non-factive depending on the semantic relationship of
the two clauses, two different types of sentences were constructed to
follow on. One took the meaning of all before clauses as factive, and

continued the text as if they were and ons took them all as non-factive

and continued as if they were.

The factive . continuations correlated with perceived factivity. A
factive continuation after a factive before clause was read much

faster than a factive sentence after a non-factive before clause.

However, the position is not simple. After a factive first sentence, a
continuation giving a non-factive reading to the before clause was
uncderstood just as quickly, 1leading me to claim that an overtly factive
before =sentence can be continued factively or non-factively without
disrupting language processing. The position is different with first
sentences with an overtly non-factive before clause. A non-factive
continuation is processed easily. A sentence taking the before clause

as factive seriously disrupts processing however.
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These findings show that before clauses which are not specifically
non-factive can easily be interpreted as factive or
non-factive. One important implication of this is that the decision
as to the factivity of the before clause is not besn made at the end
of the first sentence as the continuation which determines factivity

does not occur until the second sentence.

The difference with  unambigucus non-factive Dbefore sentences
appears to be due to semantic/pragmatic factors. As Heinamaki points

out, the main clause pravents ths before clause from happening and
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whatever happens subsequently cannot change this. For example, with
sentence "She escaped before they put the handcuffs on", the only way
handcuifs can subsequently be a&applied is by the ocurrence of an

intervening event (i.e. the

{ae 1)
[ ]
o]
'..J
ot
o
<
[
O]
In}
¢
Q
9]
o
ct
o
H
[}

Partee's claim that before clauses do not end up 1in the main linear
narrative implies there is no difference between processing the
factive and non-factive sentences {one of the main advantages of her
claim is that it allows for similar processing of both types of clause).
My results suggest that there may be differences between sentences with

non-factive befores and sentences with other before clauses.

If we rgue that the usual form of a representation 1is <clear and
unambiguous, then it 1is the sentence with the non-factive before
clause which conforms to this description. It may

produce a more coherent picture to argue that the representation
contains shades of meaning to allow for different consequence to follow

from the event These consequences may actually confirm the before
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clause as non-factive.
6.3 CAUSAL PROCESSING

Bever and Townsend (1978) and later Townsend (1983) hypothesise a
"causal processing model"” based on two separate assertions

1. Main clauses are initially processed semantically, while subordinate
glauses are initially processed propositionally;

2. Supordinate <clauses wvary 1in the depth of their propositional
processing accerding to the causality of the connective beginning them.
The more causally connected a subordinate clause is to the main clause,

the more semantically it will be processed.

I don't feel their experiments were sufficiently stringent to prove the

complicated hierarchy suggested by (2) for the reasons that

1. experiments give too few examples of sentences with each connective

to each subject - 2, 3 or 4 seems common

2. few examples of sample sentences are given in papers and when

examples are given they seem slightly unusual,

e.g. When the cat killed the parrot, Sam left the house for a week.
Harry began raising snakes on his farm. Therefore kids visited

the farm every day.

3. Results often only reach a marginally significant P<0.1

4., Connectives used somewhat unpredictably

(a) because, the only unambigquously causal connsctive 1s only used in

two experiments

(b) since not reported in one experiment where its results came out

between because and when/while
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(c) B&T (1979) while, if, since, when, though in exp 1 & 2

since, when, while, though in exp 3
Townsend (1983)
since and while wused in exp 1

since and though used in exp 2

because, afisr, when, and, before, although 1in exp 4

because, since, after, when, while, before in exp 5

therefore, afterwards, no connective, meanwhile,

previously, however in exp 6

because, while. and although in exp 7

The findings that led up to 1 could be reflecting something about how we
process clauses. However, 1t should be borne 1in mind that the
difference between subordinate clause and main clause processing does

show considerable wvariation according to the task involved. If{ we

reject the "causal processing strategy” to explain this variation it

suggests the possibility that the variation between processing of the
two types of clause found by Bever and Townsend may be comparable to the

unexpected differences 1in processing time involved in clauses begun by

different connectives, irrespective of "causal efficacy”.

I am tempted to treat Bever and Townsend's findings of wvariations
between the clauses introduced by different connectives as almost
anarchic wvariations, akin to differences in reading time for words that
are more or less frequent in language. Smith and McMahon (1970) looked
at order information in sentences, where 1lead and precede indicate

one relation and follow and  trail another, yet found . a
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"words-within-meaning” effect so that sentences containing lead took
3.94 seconds to read while those with precede took 4.27, sentences

Cohtainingvfpllow took 4.12 and those with trail 4.16.

My  experiment 15, using after, before, once and until found

similar differences in reading times for the sentences depending on the

connective used, which did not correspond with their meanings.

A similar effect can be seen with interactions between context and
connective introducing the clause (in experiments 13 and 14) , with no
clear relationship that can be drawn along the 1lines for instance of
those suggested by Bever and Townsend, and yet where significant

differences exist which cannot easily be explained.

In experiment 13, sentences with before, after and since were

faster than those with because, but before sentences were read faster

with a subordinate <clause context while after because and since

sentences were read faster with a main clause context. In
experiment 14, since clauses were generally read faster than those

with before, after and because.

The clausal structure of language is assumed by linguists to be
important in language understanding and constructing
representations. For example, Partee explains the asymmetry between
main and subordinate clauses in terms of the effect they produce on the
establishment of reference time. In her actual processing rules the
subordinate clause 1is always processed before the main clause and

introduces the reference time in respect to which the main c¢lause is
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is interpreted.

Partee's accocunt appeals on an intuitive level. "Yes - thats how we
must process main and subordinate clauses.” But it is impossible to
reconcile with Bever and Townsend's findings above. Given that I have
reservations about Bever and Townsend's findings, I should say my
reading time experiments (Nos 8, 9, 13,14, 15 and 16) also cast doubt
on Partee's ideas as they show that sentences in subordinate-main order
are not read more quickly, which 1is what would be predicted from

Partee's findings.

However, experiment 13 suggests she is right that narrative line
continues through main clause, as main clause context led to faster

reading time.

These results rule out the possibility that as subordinate clauses
contain presuppositions and as these are brought into being in the model
as the sentence is read, as Crain and Steedman (1985) have shown, that
providing context for the subordinate clause would speed up processing

the presuppositions.

Experiment 13 also casts doubt on Bever and Townsend's causal processing
strategy as sentences with temporal connectives were read faster than

those with causal connectives.

Experiment 14 again did not support Bever and Townsené or Partse in as
much as reading times can be judged to indicate different types of

processing. Timing each <clause independently showed that instead of
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main clause or subordinate clause being read faster whichever position
it was in, it was clause position which had the deciding weight, with

whichever clause came second being read faster.

There was no interaction between subordinate or main clause and position
of clause, 1indicating that there 1is no evidence subordinate-main or
main-subordinate order is a preferred order (a3 Partee) nor that there

are different types of processisng (as Bever and Townsend).

The first clause taking longer to read and the lack of difference.
between main and subordinate clause 1is in 1line with the "structure

building framework" (Gernsbacher, Hargreaves and Beeman, 1989).

According to this theory, the goal of comprenension is to build a
coherent mental representation of the information being comprehended.
This "structure” 1is built by first laying a foundation and then mapping
on information when that incoming information coheres with the preQious
information. If the incoming information is iess continuous

comprehenders employ a different process - they shift and initiate a new

substructure.

For this reason, most representations comprise several branching
substructures. The authors use this framework to explain several
aspects of language understanding. The advantage of first mentioned
participants - (Chang 1980, <Corbett & Chang 1983; Gernsbacher &
Hargreaves, 1988; Stevenson 1986:; Von Eckardt & Potter 1985) is
expiained because they are more accessible because they form the

foundations for their sentence-level structures and because it is
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through them that subsequent information 1is mapped onto the developing

structure.

This is supported by other phenomena - the 1initial word of a sentence
takes longer to read than other words in a sentence except final word
(Aaronson & Ferres 1983; Aaronson & Scarborough 1976; Chang 1980).
Phonemes and words are identified more slowly when they occur at the
beginning of their sentence or phrase than whenithey occur later (Cairns
& Kamerman, 1975; Cutler & Foss, 1977:; Foss, 1969, 1982; Hakes, 1971:
Marslen-Wilson, leer, & Seidenberg, 1978; Shieids, McHugh & Martin,

1974).

It may well be that this 1s related to the ease with which words are
understood once a context has been established for their comprehension

and I shall return to this later.

Gernsbacher & Hargreaves (1388) demonstrated the advantage of first
mentioned participant does not depend on semantic agency, nor on the
first mentioned participant being the subject of the sentence. They
also demonstrated that the preposing of an adverbial phrase "two weeks

ago" did not affect the advantage of first mentioned participant.

On the other hand, immediately after subjects read or heard a 2-clause
sentence, words from the most recently heard or read clause are more
accessible than words from an earlier clause, giving an advantage to the
the most recently or second-mentioned participant (Bever and ‘Townsend,
1978; Caplan, 1972, Chang, 1980; Flores d'Arcais, 1978; Jarvella, 1970,

1971, 1973, 1979; Jarvella & Herman, 1972:. Marslen-Wilson et al, 1978:
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von Eckardt & Potter, 1985).

Gernsbacher et al's "structure building framework" explains this taking
into account that words and sentences that change the ongoing topic,
point of wview or setting take longer to comprehend than those that
continue it. This suggests that such words and sentences trigger
comprehenders to shift and begin laying the foundation for a new
substructure (Anderscon, Garrod, & Sanford, 198§; Black, Turner & Bower,
1979; Daneman & Carpenter 1983: Dee-Lucas, Just., Carpenter & Daneman
1982; Haberlath, Berian & Sandson, 1980; Lesgold, Roth & Curtis, 1979;
Lorch, Leorch & Mitchell, 1985; Mandler & Goodman 1982; Olson, Duffy &

Mack, 1980).

A change in topic, point of view or setting also makes it more difficult
to retrieve information presented before it than after it. (Anderson et
al, 1983; Clements, 1979: Mandler & Goodman, 1982). This suggests to
Gernsbacher et al that information presented before the change 1is
represented in one substructure, while information presented after the

change is represented in another.

They tested their a;sumptions with a number of experiments on two-clause
sentences where each clause contained actions matched along several
Gimensions. They had to 1last about the same period and be of equal
importance and neither action could be the impetus for the other. For
example "Tina gathered the kindling as Lisa set up the tent". Their
materials for experiment 3 consisted of some two-clause sentences where

the subordinate clause was begun by before and after.
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Their results show the same pattern as for two clause sentences joined
by and. At the earliest test point, immediately after the
sentence had been read, second mentioned vparticipants were more
accessible, 150ms later the two sentence participants were egually
accessible, after 1400ms and 2000 ms the first-mentioned participant was

more easily accessed.

These results suggest to Gernsbacher that comp?ehenders represent each
clause of a two-clause sentence in 1ts own substructure. Comprehenders
have greatest access to the information 1in the substructure that they
are currently developing (i.e. the most recent clause) but at some point
the first clause Dbecomes more accessible because the substructure
representing the first clause of a two-clause sentence serves as a

foundation for the whole sentence-level representation.

These results indicate a symmetry of processing both main and
subordinate clauses at odds with the work of Bever and Townsend and
Partee. However, Gernsbacher et al do allow that some substructures
will be more closely connected than others and that more dependent
clauses are represented in more connected substructures and accept their
clauses 1in their experiments were semantically very independent. There
were, for example, no <causal or what I have called "habitual”

relationships between them.

They link their work into other work on comprehension of language 1in
units larger than a sentence,and suggest their ‘"structure building
framework" 1is as applicable over whole stories and texts. Where they

begin to link it into work on sentences is where the more semantic
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aspects come in. The results of Anderson, Garrod and Sanford (1983) on
"épisode shift" show an effect of the semantic/pragmatic fact of length

of time an event 1is expected to last.

The make no mention of the role of context in the understanding of
sentences and the part this may play in enabling faster comprehension of
later occurring words and sentences. Kamp points out (Kamp, 1985) "Not
only do the utterances we produce orally and iniwriting, often depend on
context for their interpretation - they often do much to determine what

the context is.”

What Gernsbacher et al refer to as the process of building the framework
on the foundation 1is also the process of interpreting each word in
relation to the context provided by the word(s) already read. The
context so generated would limit the possibilities of the following word
and thus act to reduce processing time in comparison to earlier words in

the phrase which have less context.
6.4 A Representation of Representation?

Johneson-Laird's mental model is thus seen as a useful basis on which to
model our ideas of human language processing. However, it may be that
the distinction between propositional representation and mental mocdels
may have been artifically inflated by the amount of work on anaphora.
The antecedent of anaphoric reference tends to be either in the
discourse model or not in it, which makes the contents and boundaries
of mental models seem clear, distinct and gquantifiable. This 1is

counter-intuitive as my idea of language is of subtle nuances and using
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words in a way that 1is often vague, hazy and alive with unrealised

possibilities.

Although I have found scant evidence to support the causal effectiveness
model of Bever & Townsend (1978), their idea that some events are more
closely bound into the story reflects the idea of focus (Grosz 1977},

theme, etc, and narrative-story-line (Partee).

The work of Keenan (1968) shows there is a graded structure of 1likely
links between sentences - when we hear a sentence some continuations are
very likely, some extremely unlikely - it is this difference that I
measured with sentences with before clauses judged factive and
non-factive. After a non-factive before clause a non~ factive

contincation was read faster and a factive continuation slower.

Within a model some events are more salisnt than others. There are
traces of this idea in the lsvels of processing approach of Craik and
Lockhart (1973). Craik and Tulving (1975) systematically manipulated
‘presented material and found that tasks that required deeper processing.

ag measured by timeé to complete were recalled better.

Items in memory studies (which are often unrelated) being processed to
different levels, indicated the existence within mental capacity of
various levels and instead of +the "all or nothing" represention of a
mental model, a model of a more gradational nature would provide a
framework which could take on board the vagaries of much of our present

language.
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A before clause that was not definitely factive or non-factive could
remain part of this graded structure nearer the definite or indefinite

end depending on perceived likelihood.

Another distinction which people have assumed 1is a dichotomy like
propositional representation andé discourse model, 1is the given/new
distinction. Stevenson and Crawley (1986 unpublished) suggest that a
graded notion of both . salience and familiarity may be more in accord

with our understanding of text. Salience will be graded by virtue of

tn

the number of features in the text which ignal 1it. Familiarity is
graded because of the characteristics of the entity with respect to the
discourse model. The most familiar end of ouch a‘g;adation woold
be items in explicit focus (Garrod and Sanford, 1983) which could be
referred to by a pronoun, in the middlie would be items in implicit focus
(which could be referred to with the definite article ("We went into the

kitchen. The door was open."))} and at the least familiar end would be

"new" items.

Perhaps we need something like a multi-dimensional mental model where
layers of possibility, probability and familiarity can all be
represented. Sperber & Wilson (198f) suggest we understand disccurse as
having different strengths - under normal circumstances "1'd like a cup
of tea” would be stronger (more likely) than "I'd like a million pounds”
although we could imagine contexts where the second would be stronger

than the first.

If we take these ideas seriously they could suggest that Moens and

Steedman (1986) nucleus event could be represented as being of different
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strengths surrounded by possibilities radiating outwards, of varying
likélihoods {or requiring different numbers of linking inferences) of
previous causes and future consequences. A small proportion of these
are developed by the continuing text and these become nucleus events in

their own righat.

The nature of the link between the events would often be clear from
context. "The bat hit the ball. The ball soared into the air. As the
ball came down it weni straight through thé greenhouse roof." But it is
at these linking poiQLSthat_ connectives would also be found in text.
Where the connective specified time or some other relational feature
exactly there would De two sources of information, langquage and context.
Where thgre was no connective, contéxtual information would‘still supply-
the relationship. The question arises whether this would take longer to

obtain where there was no connective.

As pointed out at the end of Chapter 14, my results support a view which
sees connectives as indicators rather than definers of context. When
there are oCcasidns that a connective is usedrin a clear unambiguous,
directive way it may speed comprehension compared with times when there
is no connective, or its meaning is unclear (e.g. before clauses where
factivity is indefinite) or if it 1is ambiguous, e.g. with since or

while.

Schiffrin (1987) performs a comparative analysis of the connectives

50, because, and, but and or among other "discourse markers'
in conversational discourse. She concludes that these markers provide

contextual co-ordinates which aid in the production and interpretation
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of coherent conversation at both local and global 1levels of

organisations.

Her work supports the idea that many temporal connectives have unclear
or multiple meanings. She looks at now and then and f{finds now has
two distinet uses, as discourse marker and as adverb, while although
then has the same uses, its not clear that the two functions are-

totally distinct.

Work by Cattell (1978) who discusses the relationship between "why”
questions and verbs of volunteered sﬁance, such that the question "Why
do the police believe Sue killed Harry?" has two readings, as does the
answer "The police believed Sue killed Harry because he had a large life
insurance policy." and Schiffrin’'s findings that because ané 350 have
multiple realizations leads her to certain conclusions. She claims that

because he had a large life insurance policy can warrant either

the fact that Sue Kkilled Harry or the fact that the police believed

Sue killed Harry.

She suggests that the multiple reslisations of "cause” and "results”
relations is due to our understandings of causality rather than
being a product of because or so. We probably draw conclusions
about cause and effect which are often not based on observations which
empirically warrant them - instead we base our interpretations on our
own {culturally relative) schemata for making such interpretations.Since
we assume that others are following parallel procedures - basing their

inferences on their own schemata - we interpret many statements from

others as conclusions warranted by the speaker's own perspective.
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In conclusion, then, I have argued for a representation which allows for
multiple layers of meanings to be present, as this 1is the o¢only form
which explains how, when a sentence has an ambiguous meaning (as with
many before sentences), we can Jjust as easily understand a
continuation coming from one interpretation as from another. Instead
of claiming that at some definite point in the text (e.g. at clause
boundaries)a model is formed with one definite meaning, I assume that it
is possible for uncertainties to remain unresalved indefinitely in the
model until some further information comes along to confirm or

disconfirm it.
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MATERIAL FOR EXPERIMENT 1 Appendix 1(a) - Page 1
STORY 1

The two kids were happy. It was Saturday. On Wednesday Uncle Eric had
given them 50p each. On the same day they'd earned a pound from Auntie
Joan. Now they had their pocket money as well and were going to the
shops to buy a new football. Joy of joys, the sun was shining. They
brushed their teeth and washed their faces with the scantest of
attention - the regulation three shredded wheat were wolfed down with
no regard for their digestive systems and they were off to the town,
running down the pavements.

Gary kicked an empty pepsi can in an absent minded sort of way - Peter
intercepted it before it flew into someone's garden and immediately
they were taking part in the FA Cup Final - they weaved in and out of
the other pedestrians who'd been lured into the open by the sunlight
and ignored the occasional worried toot from a driver imaging a
squashed boy under the wheels. The pace was hot and frantic until the
inevitable happened and a too-enthusiastic kick from Peter sent the
can flyvying high into the road.

A still moment, until they remembered the nature of their errand and
headed for the shops again. They tried Woolworths first - it had a
good toy section. Walking past the school equipment Gary saw a rubber
shaped like a hedgehog. He paused for a moment, reached out to touch
it - was it really all rubber? He felt a heavy hand on his collar
"Come on you - out of here - no messing around -~ and your mate too'".
Gary instinctively tried to shrug off the offending hand. It gripped
tighter, hurting him as the fingers dug in, he wriggled more, trying
to lessen the pain. "Quit that or I'll get the cops" the gravelly
voice spoke again.

Gary gave in and was still. The fingers still hurt. His face was red,
he was gasping for breath, trying not to cry from the pain and the
shame as other shoppers began to look round interestedly watching the
scene. He kicked the guard in the shin. "Bloody hell"” the man said.
His grip loosened for a moment as he almost gave in to the impulse to
rub his leg.

Peter had been frozen in shock for a moment. He had been ahead of Gary
and turned round when the man spoke. He couldn't believe what he saw.
His big brother held prisoner by a uniformed stranger. He flew at the
man, just as his grip on Gary's shoulder was loosened and knocked him
off halance.

The guard tried to get the same grip on Peter as he had on Gary, at
the same time holding them as far away as possible from his body to
avoid the punishing kicks which they were both now inflicting on him.
One of the spectators laughed. No-one else moved.

The guard tried to change his grip on the lads to pinion their arms to
their side. He vyelled "Sid" and then he yelled "ouch" immediately
after - he had inadvertantly let his wrist stray within biting
distance of Peter's mouth and Peter had taken full advantage of the
opportunity. As he dug his teeth in deeper, all the guard's faculties
became focused on removing his arm from danger. He let go of Gary and
used his free hand to push Peter away, releasing his grip on him at
the same time.
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The boys took a frantic look around them, saw the guard let go of his
wrist ready to vreach for them again, saw another burly wuniform
approaching from the back of the shop and fled in the opposite
direction, pushing through the knot of bystanders who had gathered.

They were out of the shop and along the High Street as if pursued by
devils - outside Littlewoods Peter looked hack and saw no pursuers,
but it was only when they got to Boots they both slowed their pace and
of one accord, went down the alley beside the petshop.

A door was open into an empty back yard. Gary pulled Peter in after
him and they sat down, gasping for breath. As his breathing slowed
down, Gary thought of their happiness as they came into town and how
quickly things had gone wrong. Peter burst into tears suddenly and
Gary put his arm round him.

Story 1 - Questions

1. Can you remember what was happening when one of the spectators
laughed?
2. Put these events in order:

the guard's grip loosened
the car tooted
they ran past Littlewoods
they brushed their teeth
Peter burst into tears
they got out of bed
Peter flew at guard
3. In what order did the run past the shops?
4. At what point did the guard swear?
5. What did Gary touch that started all the trouble?

6. (a) Was it morning or afternoon?

(b) How do you know?
7. What made Peter turn round and see the guard holding Gary?
8. What was the name of the second security guard?
9. What did they have for breakfast?
10. (a) What day was it?
(B) How do you know?
11. Where did the pepsi can end up?

12. Was this sentence in the story?
"Last Wednesday they earned a pound from Auntie Joan"
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Story 2

The weather seemed quite suitable for moving house. There was no wind
and although it was cold and cloudy the forecast hadn't mentioned
rain. Jan and Margo had taken the day off work. They got up at 6.30
a.m. and started work. At 7.30 Jan packed the last of the bedding. At
the same time Margo made some breakfast. At 8 a.m. they went off in
their Escort to collect the van. At the van hire depot Jan signed all
the papers and paid a deposit of 50 and gingerly started up the Luton
van that she had been directed to. Margo drove their car home slowly
and Jan followed at a sedate 30 miles an hour.

When they got back Carol and Sue were already there. They had agreed
two help two weeks previously and Jan breathed a sigh of relief to see
them both as Sue had a reputation for being scatterbrained and it
would have been fairly typical of her to have forgotten the day,
though she had kept repeating "A week on Tuesday, a week on Tuesday"

to herself.

Getting their priorities right, as usual, thev sat down and had a cup
of coffee in the strangely bare kitchen. The pictures had been taken
down and packed and so had the mugs and the mug tree. The plants were
all outside, packed into large, flat cardboard boxes and already the
place seemed alien, as if they didn't belong anymore.

Freddie the cat wandered in casually and looked round at the chaos
with a suspicious glean in his eye. They he spotted Carol and got
ready to jump. He loved sitting on her shoulders. Margo dived for him
before he did his circus trick and Jan held the cat basket while Margo
squeezed him in gently. His pathetic meows got too much for them and
Margo put the basket in the hall.

They chatted about plans for the move, agreeing that as the new house
was only two miles away it wouldn't matter too much if everything
didn't fit 1in the wvan the first time round. Margo said nothing but
vowed to herself to do her best to get all the furniture moved in one
go. The whole business seemed to have taken forever, though she
admitted it was less than four months since they had first put the
house on the market. She had unhappy memories of the place and was
anxious to put them all behind her and make a clean start.

The coffee finished, they packed the mugs and kettle into the last
crate in the space left for them by the ever-practical Jan and before
long any watching neighbours could almost have heard the hum of
activity as beds, settee, table, chairs, were all taken out of the
front door and stored carefully in the back of the van.

Carol took first turn standing in the van and it was her job to
manceuvre the furniture carelessly placed in the entrance into a
suitable place to allow further stacking. She managed this fairly well
but when the fridge freezer followed the settee into the van she found
herself wunable to get either of them where she wanted it and Jan
jumped up to help. When they had got the two large articles stacked
Carol took a turn bringing things from the house and Jan stayed in the
van.
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The crates and cardboard boxes came next, they seemed much heavier
than expected. Jan remembered from her last move five years ago that
books and records were much heavier than expected and they had tried
very hard to spread the load between different containers. The van was
beginning to look very full but they all agreed it would be silly to
come back for the few bits and pieces that were left so Carol's car
was filled with plants and the stereo, The cat, sitting stoically in
his box was transported to Margo's car and surrounded with hags of
clothes and bedding and the television set went in the passenger seat
of the van, to be moved onto Sue's knee when they finally came to set
off.

And that was it, a final look round, a note for the new owners warning
them that the wall in the back garden had some loose bricks and was
liable to collapse if walked upon and they walked out of the front
door and slammed it behind them.
Story 2 -~ Questions
1. a) What day was it?
b) How do you know?
2. In what order did the following people arrive in the house?
Carol and Sue
Jan in the van
Margo in the car
3. When were the plants packed into cardboard boxes?
4. How long ago had Sue agreed to help?
5. Did Freddie have the chance to leap on Carol's shoulders?

6. a) What time of year was it?

b) How do you know?

7. How long had the house been on the market?
8. Who stacked furniture in the van first, Carol or Jan?
9. What went onto the van first, the fridge-freezer or the settee?

10. What made the kitchen look bare?
11. Did they take long to start work once they'd finished coffee?

12. Was this sentence in the story?
"At 7.30 Margo made a cup of tea."
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Story 3

Mary was seven years old. Most of her friends hadn't had birthday
parties this year. They were getting a bit old for such affairs. Jelly
and trifle and passing the parcel seemed to be more suited to children
before they went up to Juniors. So this year, in March, she'd been ice
skating with Clara and three of her friends, in June they went to see
"The Pirates of Penzance" with Marcia, Elizabeth and Nadine, and in
July Samantha's mother had taken five children into London to see Paul
Daniels.

Mary's birthday was in November, which was a pretty dismal time of
year -anyway, once Guy Fawkes day was over. It began to get dark about
6 o'clock and her friends wouldn't want to stay out too late. She
talked to her mother a few times about what they could do but her
mother hadn't helped much. She said she could only take ONE friend if
they went up to London for the day, to go to the Zoo or to the Tower
of London, and there was no way at all they could afford to go to see
Starlight Express or Cats.

Mary would have quite 1liked to go to the zoo, but the problem of
deciding which friend to take was too much for her - she didn't want
to offend all the other girls in her class. So, she decided to have a
traditional birthday party. She went to bed the night before half
excited, half worried. Once she was in bed her mother began baking
fairy cakes. At the same time her father began wrapping presents for
"Pass the Parcel". By midnight all was finished, even the balloons
blown up and the hundreds and thousands sprinkled on the top of
individual trifles in waxed paper dishes.

The next day all three of them were nervous. Mary spent hours getting
dressed in brand new clothes and just KNEW she didn't quite look
right. Her parents were just wishing the whole thing was over and
vowing that there wouldn't be a party the following year.

The first guest was Samantha, who arrived on the dot of three, dressed
in something that looked like black lace pajamas, but before Mary's
dad could make any rude comments the doorbell had rung again, and it
was Nadine, in high-heeled shoes with her hair in a bun - she was
almost as tall as Mary's mum. Five minutes later all 11 guests had
arrived and were all perched sedately on the edge of chairs spread
round the room.

Mary's heart sank, tea wasn't till four, how were they going to pass a
whole hour sitting around making polite conversation? When her mother
went to the record player Mary didn't know where to put herself, how
could she face school on Monday after her friends had sat through an
afternoon of Cliff Richard and the Beatles.

Two seconds later the first notes of the number one record were heard
- now Mary understood the whispered conversation she'd heard between
her parents outside Smiths that morning. Her father stood up and
explained the rules of musical chairs - the girls must dance until the
music stopped and then find a chair to sit on. Each time the music
started another chair would be taken away so they must be fast to get
the chairs that were left.

They all started dancing and when the music stopped there was a mad
scuffle. After a few minutes they were down to four chairs and the
sounds of happy laughter and anguished shrieks could be heard.
Samantha's "pajamas'" looked crumpled and Nadine's neat hair was
sticking out all over the place. In the kitchen Mary's mother smiled
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to herself and relaxed, "Poor things', she thought, ''they don't get
much time to be kids these days. I bet they talk about this party for
weeks to come',

Mary wandered disconsolately into the kitchen before her mother could
say anything of this to her husband. One look at her face stopped her
mother in her tracks. Before she could ask her what was wrong, Mary
burst out "They'll never forget this ever - when they get home they'll
feel really silly and on Monday they'll blame me - say they were just
humouring me - that they didn't enjoy it at all!". She flew out of the
back door which closed with a crash after her. In the sitting room the
party continued.
Story 3 -~ Questions
1. What time did the first guest arrive?
2. What happened when the music stopped?
3. In what order had she been to
Pirates of Penzance
Ice Skating
Paul Daniels
4. What did her father say about Samantha's outfit?
5. When had Mary heard her parents whispering?
6. What was for tea?
7. a) Where would the kids be on Monday?
b) How do you know?
8. What records did her parents like?
9. a) What day of the week was it?
b) How do you know?
10. When did her parents wrap up the parcels for pass the parcel?
11. What month was Mary's birthday in?
12. Was this sentence in the story?

"Once she was in bed her father began
wrapping presents for "pass the parcel"'".
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Story 4

Kevin and Kelly decided it was a lovely day to walk along the cliffs
from Whitby to Robin Hood's Bay. Kevin made cheese and pickle
sandwiches while Kelly looked for the thermos flask which she was SURE
she'd last seen in the garage when they came back from their holiday
in May. It wasn't there now though, and she went next door to see
Jenny to see if she had one that was suitable.

Immediately the doorbell rang, Sam the dog began to bark furiously. At
the same time Jenny apppeared at the door. As usual, she had a tale to
tell of the doings of the mischievous squirrel which stole peanuts off
her birdtable and it was ten minutes before Kelly managed to edge
slowly backwards out of the kitchen door with Jenny's voice floating
after her "... it climbed right up ...". When she got back Kevin had
finished the sandwiches, found the thermos because he remembered he'd
had it in the attic when he was mending the water tank, and made the
coffee.

Before Kevin could start washing up Kelly bundled him out of the house
and locked the door. She backed the car out of the garage and Kevin
threw the rucksack with provisions into the back seat, together with
the two anoraks they would no doubt need. They decided to park at
Whitby, walk to Robin Hood's Bay and have a drink there before getting
the bus back to Whitby. Kelly had a job finding a parking space as the
car park was packed, but she assumed most people had gone to see the
Abbey or into Whitby itself and that the path wouldn't be too crowded.

Sure enough, once they'd gone over two stiles, there was not another
person to be seen, and the only sounds audible were the bleating of
sheep and the screaming of seagulls as they circled over the cliff. To
one side was the North Sea, to the other stretched green fields, as
far as the eye could see. A sense of contentment overcame the two
walkers and they ambled along in companiable silence, each knowing the
other one's thoughts as if they were inside each others' head.

The silence was broken by loud shouting com