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An investigation into the online processing
of counterfactual and indicative conditionals

Andrew J. Stewart, Matthew Haigh, and Evan Kidd
University of Manchester, Manchester, UK

The ability to represent conditional information is central to human cognition. In two self-paced
reading experiments we investigated how readers process counterfactual conditionals (e.g., If
Darren had been athletic, he could probably have played on the rugby team) and indicative conditionals
(e.g., If Darren is athletic, he probably plays on the rugby team). In Experiment 1 we focused on how
readers process counterfactual conditional sentences. We found that processing of the antecedent
of counterfactual conditionals was rapidly constrained by prior context (i.e., knowing whether
Darren was or was not athletic). A reading-time penalty was observed for the critical region of text
comprising the last word of the antecedent and the first word of the consequent when the information
in the antecedent did not fit with prior context. In Experiment 2 we contrasted counterfactual
conditionals with indicative conditionals. For counterfactual conditionals we found the same effect
on the critical region as we found in Experiment 1. In contrast, however, we found no evidence that
processing of the antecedent of indicative conditionals was constrained by prior context. For indicative
conditionals (but not for counterfactual conditionals), the results we report are consistent with the
suppositional account of conditionals. We propose that current theories of conditionals need to be
able to account for online processing differences between indicative and counterfactual conditionals.

Keywords: Counterfactual conditionals; Indicative conditionals; Suppositional theory; Text
processing.

Conditionals of the form if p then ¢ are central to
general cognitive abilities such as prediction and
decision making. The issue of how people under-
stand conditionals has generated a substantial
body of research in the reasoning literature (for a

review, see Evans & Over, 2004), which in turn
has led to a number of competing accounts of
how the reasoning system might operate (e.g.,
Evans, 2006; Johnson-Laird & Byrne, 2002).
Despite the centrality of conditionals to research
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on reasoning, the way in which conditionals are
comprehended online has not received a similar
level of attention in the language-processing lit-
erature (but see de Vega, Urrutia, & Riffo, 2007;
Ferguson & Sanford, 2008, for examinations on
processing that occurs after conditionals are read).
Without an understanding of the online processing
of conditionals themselves, psychological accounts
of conditionals are necessarily incomplete.

In this paper we investigated how conditional
statements are interpreted in light of a reader’s
ongoing situation model. Situation models are
constructed using the semantic content communi-
cated in a text, together with a reader’s knowledge
about the way in which such events typically
unfold in the world. As a text is read, these
models are updated to incorporate the information
communicated in the text. When there is an
inconsistency between new information and infor-
mation contained within a reader’s situation
model, a processing penalty arises (e.g., Albrecht
& O’Brien, 1993; Stewart, Kidd, & Haigh,
2009). The point in time at which this penalty
occurs indicates the point in time at which a
reader is sensitive to the mismatch between their
ongoing situation model and incoming text.
In the experiments that follow, we used this tech-
nique to examine how information communicated
using two types of conditional is integrated into a
reader’s situation model.

Evans and colleagues (e.g., Evans, 2006; Evans,
Over, & Handley, 2005) argue that the successful
comprehension of conditionals requires a reader to
engage in hypothetical thinking—a concept that is
captured in the suppositional theory of “if” (Evans
& Opver, 2004). According to this theory, people
evaluate conditionals of the form “if p then q” by
considering the consequent (q) in contexts where
the antecedent (p) is true. In other words, they
suppose the situation where p is true and mentally
simulate the situation where the consequent
follows. It is important to note that the supposi-
tional theory was developed primarily as an
account of conditionals in the context of reasoning,
rather than as a processing account of conditionals.
However, that does not mean that the theory may
not have some value in terms of motivating possible

processing models of how conditionals might be
comprehended online.

During reading, a counterfactual conditional
such as “If Darren had been athletic, he could
probably have played on the rugby team” might
be presented in the context of a story where we
already know something about the character
“Darren”. Perhaps (a) we know that he is not at
all athletic, (b) we know that he is actually athletic,
or (c) we have no knowledge whatsoever of his
athleticism. Supposing him to be athletic appears
easy in a context in which we know that he is
not. For the second case, it seems odd to consider
him to be athletic in a context in which we know
that this is actually the case. For the third case, it
appears acceptable to entertain the notion that
he is athletic, given that we have no knowledge
about his athleticism. In contrast, in an indicative
conditional such as “If Darren is athletic, he
probably plays on the rugby team” there appears
to be no difference in the degree of intuitive felici-
tousness of the conditional as a function of prior
context and what we know about the character
“Darren”.

Such apparent differences in ease of compre-
hension raise important questions with respect to
how a reader might (and might not) represent con-
ditional information. Does a reader’s situation
model representation (or factual representation)
rapidly influence the processing of conditional
information? Does the processing of conditional
information (and the relationship of that con-
ditional information to a reader’s factual repre-
sentation) vary as a function of whether the
conditional is counterfactual or indicative? One
aspect of the suppositional theory of conditionals
that is potentially relevant to our investigation is
that suppositional processing is claimed to
involve decoupling between the representation of
the conditional information and the representation
of the factual situation (Cosmides & Tooby, 2000;
Edgington, 1995). If this decoupling is triggered
by the presence of the word “if” (as suggested by
Evans, 2006), then it would imply that conditional
information is initially represented without
reference to a reader’s situation model. In other
words, there should be no early processing

21 14 THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2009, 62 (11)



Downloaded by [Max Planck Institut Fur Psycholinguistik] at 08:37 05 November 2017

penalty arising as a result of a mismatch between
a reader’s factual representation and the represen-
tation of conditional information.

In Experiment 1 we focus on the processing of
counterfactual conditionals. It is only recently
that researchers have begun to explore how
counterfactual situation representations might
influence processing. Ferguson and Sanford
(2008) measured readers’ eye movements while
they read sentences such as “Families could feed
their cat a bowl of carrots and it would gobble it
down happily”. These target sentences followed
conditionals that either did or did not describe a
hypothetical situation in which cats were veg-
etarian. Ferguson and Sanford reported that
readers displayed an initial reading-time penalty
on the critical region (e.g., “carrots and”) when it
was anomalous with respect to real-world knowl-
edge. However, this penalty quickly disappeared
if counterfactual-world knowledge was available
to the reader to allow for a counterfactual-world
interpretation. This suggests that if both factual
and counterfactual representations are available
to a reader, then both can ultimately be used to
facilitate comprehension during the processing of
incoming text (with the factual representation
taking precedence).

Finding that both real-world and counter-
factual-world knowledge is available to the
language-processing system, at least at some
points, is consistent with data reported by de
Vega et al. (2007). Using a probe task, they
found evidence suggesting that after reading a
sentence such as “If Mary had won the lottery
she would have bought a Mercedes car”, readers
represent both this counterfactual situation and
the presupposed factual situation (i.e., that Mary
did not win the lottery).

While the studies of Ferguson and Sanford
(2008) and the studies of de Vega et al. (2007)
examined how counterfactual situation represen-
tations are available to a reader following the
occurrence of conditionals, it is important to
note that none of the experiments contained
within these papers examined the online proces-
sing of conditional sentences themselves. To our
knowledge, the experiments we present below

PROCESSING OF CONDITIONALS

are the first reported investigations into the
online processing of counterfactual and indicative
conditionals.

EXPERIMENT 1

In Experiment 1 we used word-by-word self-
paced reading and manipulated the degree to
which a counterfactual conditional was consistent
with preceding discourse. Following Fillenbaum
(1974), Thompson and Byrne (2002) proposed
that a subjunctive conditional presupposes the
negation of its antecedent proposition. For the
conditional, If Darren had been athletic, he could
probably have played on the rugby team the presup-
position is that, in reality, Darren is not athletic.
We manipulated the degree of consistency
between the presupposition associated with the
counterfactual and the factual situation by examin-
ing how readers process subjunctive conditional
sentences in contexts in which (a) the antecedent
of the conditional is consistent with respect
to the factual situation, (b) the antecedent is
inconsistent with respect to the factual situation,
and (c) the antecedent is neutral with respect to
the factual situation. For the example above, the
three conditions correspond to a preceding
context where (a) Darren is introduced as not
being athletic, (b) Darren is introduced as being
athletic, and (¢) no information is provided
about Darren’s athleticism. If readers attempt to
integrate the information communicated in the
conditional with their situation model as soon as
the conditional is encountered, then we would
expect to observe an early sensitivity to the
extent to which the antecedent is consistent with
preceding context. This should be observable
once the antecedent has been read. In addition,
for contexts in which the information contained
within the presupposition (i.e., that Darren is
not athletic) has already been explicitly provided,
there should be a processing benefit associated
with reading the conditional relative to a neutral
context in which no information about his
degree of athleticism has been given. However, if
decoupling between the situation model and the
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counterfactual situation occurs as soon as the
trigger “if” is encountered (as Evans, 2006,
suggests), then we would not expect to find evi-
dence for an early sensitivity to the degree of fit
between the counterfactual and factual situation
model representations.

Method

Participants

A total of 36 participants from the University of
Manchester population took part. All participants
were native English speakers and did not have a
reading disability. They were paid £5.

Materials

A total of 24 experimental passages were used in
this study (see Example 1). The full set of
materials for Experiment 1 can be found in
Appendix A. There were three versions of each
experimental passage. Each passage was four
sentences long. Sentence 1 introduced the main
character and described some attribute associated
with them. Sentence 2 provided additional contex-
tual information. Sentence 3 was the subjunctive
conditional and thus the target sentence.
Sentence 4 provided additional contextual infor-
mation. These passages were used to create three
lists using a Latin-square, repeated measures
design. Each participant saw only one of these
lists. All participants saw an equal number of pas-
sages across the three experimental conditions.
The target sentences remained the same across
conditions. Each list also contained 16 filler pas-
sages. None of these filler passages contained
conditionals.

Example 1

Darren was not at all athletic/Darren was
very athletic/Darren enjoyed meeting new
people. He had just started University and
was looking for some clubs and societies to
join. If Darren had been athletic, he could
have tried out for the rugby team. The
team was small but everyone on it was

really friendly.

Procedure

Participants were presented with the passages in a
random order. Each participant was provided with
verbal as well as written instructions. These
informed them that they would be presented
with a number of passages on a word-by-word
basis. In order to advance through the passages,
they were told that they had to press the “Next
Word” button on a button box. This brought up
the next word in the passage and blanked out the
previous one so only one word at a time was
visible. Dashes were used to represent the rest of
the words in each passage. After each passage, par-
ticipants were told that a comprehension question
might appear. Comprehension questions appeared
on 25% of the trials. If a question did appear, par-
ticipants were told to answer it as quickly and
accurately as possible, using the buttons marked
“Yes” and “No” on the button box. Once the par-
ticipant had answered the question (or pressed the
“Next” button if no question appeared), the next
trial began.

Participants completed two practice trials
before beginning the actual experiment. The
experiment was run using the E-prime program-
ming software (MacWhinney, St James, Schunn,
Li, & Schneider, 2001). A button box recorded
participants’ reading times with millisecond
accuracy.

Results and discussion

Each target sentence was split into three regions
for analysis as follows:

/1f Darren had been/athletic, he/could have
tried out for the rugby team./

Region 1 was the antecedent up to but excluding
the last word. Region 2 was the critical region
and was composed of the final word of the antece-
dent plus the first word of the consequent. We
selected our critical region to be composed of
these two words in light of previous work that
has shown that the effects associated with proces-
sing a word often “spill over” onto the following
word (e.g., Ehrlich & Rayner, 1983). Region 3

was the remainder of the consequent. Table 1
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Table 1. Mean reading times and standard errors per condition for each of the three analysis

regions in Experiment 1

Region 2
Consistency Region 1 (critical region) Region 3
Consistent 1,642 (66) 574 (25) 2,528 (104)
Inconsistent 1,628 (73) 632 (37) 2,762 (121)
Neutral 1,681 (79) 637 (32) 2,661 (118)

Note: Mean reading times in ms. Standard errors in parentheses.

contains the means and standard errors for each
region for each of the experimental conditions.
The reading-time data were analysed using
repeated measures one-way analysis of variance
(ANOVA) with three levels (consistency: consist-

ent vs. inconsistent vs. neutral).

Region 1
One-way ANOVA revealed no effect of condition
(both Fs < 1).

Region 2 (critical region)

One-way ANOVA revealed an effect of condition,
Fi(2,70) = 6.763, MSE = 6,630, p < .05, partial
0 =.162; F>(2, 46)=4226, MSE = 7190,
p<<.05, partial 1> = .155. Contrasts revealed
that the consistent condition was read more
quickly than the inconsistent condition, Fi(1,
35)=9.108, MSE=13432, p< .01, partial
n* = 206; Fy(1, 23)=5559, MSE = 15251,
p <.05, partial 1*> = .195, and more quickly than
the neutral condition, ZFy(1, 35)=14.234,
MSE = 13,432, p < .005, partial n° = .289; Fy(1,
23)=7.299, MSE=15251, p<.05, partial
n* = 241). The inconsistent and neutral con-
ditions were read at the same speed (both Fs < 1).

Region 3

One-way ANOVA revealed an effect of condition,
Fi(2, 70)=11.847, MSE = 41,637, p < .001,
partial 1= .253; F,(2, 46)=3.371, MSE=
88,141, p < .05, partial 1> = .140. Contrasts
revealed that the consistent condition was read
more quickly than the inconsistent condition,
Fi(1, 35)=16.783, MSE = 116,863, p < .001,
partial 1’ =.324; Fy(1, 23)=8.193, MSE=

159,594, p < .01, partial 1> = .263. There was
some evidence significant by subjects only that
the consistent condition was read more quickly
than the neutral condition, F4(1, 35) = 11.793,
MSE = 53,532, p < .005, partial n* = .252; F(1,
23) =2.422, MSE = 173,737, p= 113, partial
n” = .095. There was also some evidence again
significant by subjects only that the neutral con-
dition was read more quickly than the inconsistent
condition, Fy(1, 35)=4.622, MSE =79,429,
p<.05, partial n*=.117; Fy(1, 23)=1.252,
MSE = 195,518, p = .275, partial n° = .052.

The data reported above provide strong
evidence that comprehension of counterfactual
conditionals involves the reader rapidly evaluating
the antecedent of a counterfactual with reference
to their factual situation representation. If the
counterfactual and factual situations are mutually
incompatible, a reading-time penalty results. We
found evidence for this penalty arising rapidly:
on the analysis region comprising the final word
of the antecedent and the first word of the conse-
quent. This penalty continued to be observed as
the rest of the information in the consequent of
the conditional was read. We suggest that a pro-
cessing cost persisted as readers experienced diffi-
culty in creating a coherent representation
capturing both the factual and counterfactual
information. These findings are not compatible
with an account of suppositional processing
whereby the factual and counterfactual situation
representations are decoupled when the trigger
“if” is encountered. If decoupling had occurred,
we would not have observed a reading-time
penalty for the critical region reflecting the
degree of fit between the two representations.
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There was also evidence that the neutral condition
also led to a processing penalty. This may have
resulted from inferential processing required to
integrate the new information communicated by
the conditional in the neutral condition with the
factual representation. Although this penalty is
similar in magnitude to the penalty associated
with the inconsistent condition, we suspect that
its locus is different.

The findings of Experiment 1 go further than
the studies of Ferguson and Sanford (2008), and
de Vega et al. (2007) in that they provide the first
investigation into how counterfactual conditionals
themselves are actually processed (rather than
the processing consequences that follow from
reading counterfactual conditionals). However,
some important questions remain unanswered. To
our mind, the most important is the extent to
which the data reported in Experiment 1 reflect
the online processing of counterfactual condi-
tionals rather than conditionals more generally. In
the introduction we discussed both counterfactual
and indicative conditionals. While counterfactual
conditionals convey presuppositional information
about the factual situation, indicative conditionals
do not. Indeed, indicative conditionals do not
make any claims with respect to reality. Rather,
they invite a reader to entertain the possibility of
some hypothetical situation. As the pragmatic
function of indicative conditionals differs from
that of counterfactual conditionals, it may be the
case that online processing associated with them
also differs. Finding evidence of such a difference
would be important as it would highlight the
need for any processing theory of conditionals to
take into account the different pragmatic roles

played by the different forms of conditional.

EXPERIMENT 2

In Experiment 2 we contrasted processing of
counterfactual conditionals with that of indicative
conditionals. As with Experiment 1, we used
word-by-word  self-paced reading, and we
manipulated the degree to which the information
communicated in the conditional fits prior

context. In Experiment 1 we examined contexts
that were consistent, inconsistent, and neutral
with respect to the information communicated in
the antecedent of counterfactual conditionals. In
Experiment 2 we focused on consistent versus
inconsistent contexts. For the counterfactual con-
ditionals we expect to replicate the effect we
found in Experiment 1 (i.e., that a reading-time
penalty emerges on, or shortly after, the antece-
dent for the condition where there is a mismatch
between the counterfactual presupposition and
prior context). For indicative conditionals, two
possibilities arise. The first is that they exhibit a
similar kind of reading-time penalty. If this is
the case, we would expect to find a main effect of
consistency (with conditionals that are inconsist-
ent with prior context resulting in a reading-time
penalty) regardless of conditional form on
reading times to the critical region. The second
possibility is that the pragmatic function of indica-
tive conditionals (and lack of pragmatic implica-
ture with respect to the factual situation
representation) does not result in a reader’s
factual situation representation constraining how
the conditional information is processed and rep-
resented. This second possibility would predict
no reading-time differences for indicative condi-
tionals as a function of the degree to which the
information contained within their antecedents
fitted with prior context. Rather it would predict
a consistency effect for counterfactual conditionals
and no consistency eftect for indicative conditionals
(i.e., an interaction between the factors conditional
form and consistency). For indicative conditionals,
this finding would be compatible with a processing
account of conditionals motivated by the basic
principle of the suppositional theory.

Method

Participants

A total of 36 participants from the University of
Manchester population took part. All participants
were native English speakers and did not have a
reading disability. They were paid £5. None of
the participants in Experiment 2 had taken part
in Experiment 1.
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Materials

A total of 24 experimental passages were used in
this study (see Example 2). They were based on
those used in Experiment 1. The full set of
materials for Experiment 2 can be found in
Appendix B. The passages were used to create
four lists using a Latin-square design. Again, this
was a repeated measures design with participants
in each list of 24 materials seeing equal numbers
of items in each of the experimental conditions.
Crucially, the critical region remained the same
across conditions. Each list also contained 16
filler passages. None of these filler passages

contained conditionals.
Example 2

Darren is not at all athletic/Darren is very
athletic. He is in first year at University
and is a member of lots of teams and clubs.
If Darren had been athletic, he could prob-
ably have played on the rugby team/If
Darren is athletic, he probably plays on the
rugby team. The team has a great reputation.

Procedure
The procedure was the same as that for
Experiment 1.

Results and discussion

The same analysis region definitions as those that
we used in Experiment 1 were also used in
Experiment 2. Table 2 contains the means and
standard errors for each region for each of the
experimental conditions. The reading-time data
were analysed using 2 (conditional form:

PROCESSING OF CONDITIONALS

counterfactual vs. indicative) x 2 (consistency:
consistent vs. inconsistent) repeated measures

ANOVA.

Region 1

A 2 (counterfactual vs. indicative) x 2 (consistent
vs. inconsistent) ANOVA revealed a main
effect of conditional form, F;(1, 35) = 80.123,
MSE = 49,182, p<.001, partial n°=.696;
F5(1, 23)=50.674, MSE=51,842, p<.001,
partial 7° = .688, with Region 1 of indicative con-
ditionals being read more quickly than Region 1 of
counterfactual conditionals. There was no effect of
consistency (both Fs<1) and no interaction
between conditional form and consistency, Fi(1,
35) =1.443, MSE = 50,075, p=.289, partial
7’ =.040; Fy(1, 23)=1.898, MSE = 25373,
p =182, partial n° = .076.

Region 2 (critical region)

A 2 (counterfactual vs. indicative) x 2 (consistent
vs. inconsistent) ANOVA revealed no effect of con-
ditional form, Fy(1, 35) = 2.395, MSE =15,548,
p=".131, partial 7’ =.064; Fy(1, 23)=2.452,
MSE = 10,124, p = .131, partial 7° = .096. There
was a marginal main effect of consistency,
Fi(1, 35) = 9.685, MSE = 4,806, p = .004, partial
=217, F(1, 23)=23.302, MSE=9,398,
p = .082, partial n° = .126. There was also an inter-
action between conditional form and consistency,
Fi(1, 35) = 6.224, MSE = 8,578, p = .017, partial
7 =.151; F,(1, 23)=4.027, MSE = 8,339,
p=.057, partial 7> =.149. Planned compari-
sons revealed that there was an effect of
consistency for counterfactual conditionals, Fi(1,

35) =18.579, MSE=5373, p<.001, partial

Table 2. Mean reading times and standard errors per condition for each of the three analysis regions in Experiment 2

Conditional form Consistency Region 1 Region 2 (critical region) Region 3

Counterfactual Consistent 1,914 (82) 746 (39) 3,464 (156)
Inconsistent 1,975 (81) 821 (43) 3,597 (149)

Indicative Consistent 1,628 (71) 753 (41) 2,764 (123)
Inconsistent 1,600 (69) 750 (38) 2,805 (165)

Note: Mean reading times in ms. Standard errors in parentheses.
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7= 347, Fy1, 23)=6.716, MSE = 9,908,
p = .016, partial 7” = .226, but not for indicative
conditionals (both Fs < 1).

Region 3

A 2 (counterfactual vs. indicative) x 2 (consistent
vs. inconsistent) ANOVA revealed a main effect of
conditional form, F;(1, 35)=197.602, MSE =
101,427, p < .001, partial n° = .850; Fy(1, 23) =
117.347, MSE =113,863, p<.001, partial
7° = .836, with Region 3 of indicative condi-
tionals being read more quickly than Region 3
of counterfactual conditionals. There was no
effect of consistency, Fi(1, 35) = 1.077, MSE =
252,348, p=.306, partial 77 =.030; Fy(1,
23) =1.595, MSE = 113,632, p= 219, partial
1° = .065, and no interaction between conditional
form and consistency (both Fs < 1).

In Experiment 2 we replicated the Experiment 1
finding that counterfactual conditionals exhibited
a rapidly occurring reading-time penalty associ-
ated with the degree of fit between the information
communicated in the antecedent of the con-
ditional and prior context. Importantly, however,
we found a different pattern for indicative condi-
tionals. For the same critical region of text, we
found no reading-time penalty associated with
the degree of fit between the antecedent of the
conditional and prior context. This was revealed
by an interaction between the factors conditional
form and consistency. It suggests that the
language-processing system is highly sensitive to
the differing pragmatic functions of these two
types of conditionals and that this results in a
reader’s factual situation model representation
having a differing influence on how the condi-
tionals are processed. For counterfactual condi-
tionals, the presupposition communicated in the
antecedent is rapidly evaluated with respect to a
reader’s factual situation model. In contrast, for
indicative conditionals, processing of the antece-
dent does not appear to be constrained by this
factual situation model. Indicative conditionals
appear easy to process regardless of the degree of
fit between their antecedents and the situation
model. This finding for indicatives is compatible
with the decoupling aspect of the suppositional

theory account of conditionals. We also found in
our analyses of reading times to Regions 1 and 3
that these regions were read more quickly in the
indicative conditional conditions than in the
counterfactual condition. This simply reflects
length differences between these two regions for
counterfactual and indicative conditionals.

GENERAL DISCUSSION

In two experiments we investigated the online
processing of counterfactual and indicative condi-
tionals. In Experiment 1 we found a rapidly occur-
ring reading-time penalty on the critical region of
text defined as the last word of the antecedent and
first word of the consequent. This penalty arose
when there was a mismatch between the infor-
mation communicated about the counterfactual
situation and prior context. This mismatch
occurred when the antecedent of the conditional
either contradicted prior context (the inconsistent
condition) or required readers to make an infer-
ence in order to satisfy the pragmatic implicature
associated with the antecedent (the neutral con-
dition). For the consistent condition (where the
presupposition in the antecedent matched prior
context) there was no such penalty. For the
remainder of the consequent, the inconsistent con-
dition continued to exhibit a reading-time penalty
relative to the consistent condition.

In Experiment 2 we found a similar pattern of
effects for the same critical region of text in the con-
sistent and inconsistent conditions but only for
conditionals in counterfactual form. Indicative
conditionals displayed no processing cost as a func-
tion of the degree of fit between the conditional and
prior context for this region of analysis. In contrast
to Experiment 1, the penalty associated with the
counterfactual conditionals did not carry over
onto the subsequent region of analysis. This
region was slightly longer in Experiment 2 than it
was in Experiment 1 (and with greater variance)
so as a proportion of the overall reading time,
the magnitude of the penalty was reduced.
Importantly, the critical region of text was exactly
the same for the two conditionals, and this is
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where we found the reading-time penalty for
counterfactual but not for indicative conditionals.

Overall then, the data that we have reported
show that prior context rapidly influences the pro-
cessing of a subsequent counterfactual conditional.
We found no evidence of a similar influence on the
processing of a subsequent indicative conditional.
While Ferguson and Sanford (2008) and de
Vega et al. (2007) examined processing that
follows the presence of counterfactual condi-
tionals, neither of these papers speaks directly to
the question of how conditionals are processed
online. The question of how conditionals them-
selves are processed is relatively unexplored in
terms of online comprehension. This lack of
research is surprising given the importance
placed on conditionals in other areas of psycho-
logy. A full account of conditionals must involve
an understanding of the time course of the
processing of conditional information and be
able to account for the differing pragmatic func-
tions played by indicative and counterfactual
conditionals.

At the beginning of the paper, we described the
suppositional theory of conditionals and suggested
that the basic tenet of the theory (i.e., that the
representation of conditional information is
decoupled from what a reader knows the factual
situation to be) could be used to motivate a
processing account of conditionals. Indeed, the
reading-time data associated with the processing
of indicative conditionals in Experiment 2 are
compatible with such an account. We found no
evidence that processing of the antecedent of an
indicative conditional was constrained by prior
context. This would suggest that the suppositional
theory may have value as an account of the online
processing of indicative conditionals. In contrast,
for counterfactual conditionals we did find that
the processing of the antecedent was constrained
by prior context. For a processing-oriented form
of the suppositional theory to be able to account
for this finding, it must allow for the processing
of the conditional to be modulated by its prag-
matic function. A modified version of the supposi-
tional account could explain our findings if
conditional form is used to inform the decoupling

PROCESSING OF CONDITIONALS

(or otherwise) of the conditional from prior
context. The suppositional theory would require
some modification from its current form as the
reading-time data contained within this paper
are not compatible with a situation whereby “if”
alone acts as a trigger to decouple the represen-
tation of the conditional information from the
representation of the factual situation. Rather, it
would be more cognitively efficient for these rep-
resentations to be decoupled once it is apparent
that the conditional is in indicative, rather than
counterfactual, form.

The findings we report above are important not
just with respect to the development of our under-
standing of the processing and representation of
conditionals, but also with respect to our under-
standing of how readers construct (and update)
their situation models during comprehension.
Previous research on the representation of situ-
ation model information has highlighted that
readers keep track of key information related to,
for example, the characters and temporal aspects
of a situation, with reading-time penalties emer-
ging rapidly when there is a mismatch between
information contained within a situation model
and incoming text (Stewart et al., 2009). In
other words, a reader’s situation model constrains
the processing of subsequent input. Our finding
that conditional information is differentially con-
strained by a reader’s situation model as a function
of conditional form indicates that the construction
and updating processes associated with situation
models are highly sensitive to the pragmatic
implicatures that follow from conditionals in
their differing forms.
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Materials used in Experiment 1

The first sentence in each material was manipulated to generate
each of the three experimental conditions: consistent, inconsist-
ent, and neutral. The conditional sentence is the third sentence
and was held constant across conditions.

1. Darren was not at all athletic/Darren was very athletic/
Darren enjoyed meeting new people. He had just started
University and was looking for some clubs and societies
to join. If Darren had been athletic, he could have tried
out for the rugby team. The team was small but everyone
on it was really friendly.

2. Rick hated rough and energetic sports but enjoyed games
like golf/Rick loved rough and energetic sports such as
judo/Rick was on a mission to lose some weight. He was
very sociable and a member of lots of clubs at University.
If Rick had liked energetic sports, he would probably
have enrolled in kickboxing classes at the University
sports centre. All his friends had signed up.

3. Jennifer had a dreadful singing voice/Jennifer had a good
singing voice/Jennifer enjoyed listening to music. She
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Schneider, W. (2001). STEP—a system for teaching
experimental psychology using E-prime. Behavior
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sensitivity to discourse-level anomalies during
reading: Evidence from self-paced reading. Discourse
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counterfactually: Making inferences about things
that didn’t happen. Jowrnal of Experimental
Psychology: Learning, Memory, and Cognition, 28,
1154-1170.

had been brought up listening to a lot of classical music.
If Jennifer had been a good singer, she could have joined
the choir at her school. It was always winning national
competitions.

4. Jane loved eating sausage and bacon sandwiches/Jane loved
being a vegetarian and enjoyed eating tasty tofu burgers/
Jane loved good food. She spent a lot of time eating out
at restaurants. If Jane had been a vegetarian, she would
probably have enjoyed eating the lentil bake at the local
vegan cafe. The cafe regularly won awards in the national
vegan food and drink competition.

5. Alex owned a really slow, rusty Fiesta/Alex owned a really
powerful Ferrari/Alex had been driving since he was
eighteen. He was a big fan of motorsports. If Alex had
owned a powerful car, he would probably have had points
on his licence. There were lots of speed cameras where
he lived.

6. Tim was in bad physical shape/Tim was a fit and strong
young man/Tim loved the sunny weather. He was
looking forward to the weekend. If Tim had been fit and
strong, he would probably have gone cycling. The local
cycling track was in the middle of a beautiful forest.

7. Louise was not very rich and struggled to make ends meet/
Louise was very rich and enjoyed a privileged life/Louise
rented a nice flat. She lived in London. If Louise had

2122 THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2009, 62 (11)



Downloaded by [Max Planck Institut Fur Psycholinguistik] at 08:37 05 November 2017

10.

11.

12.

13.

14.

15.

16.

been rich, she could have spent a lot of money shopping.
She lived near Harrods.

. Lewis had never been afraid of heights/Lewis was terrified

of heights/Lewis was a keen sportsman. His father had
once taken him abseiling. If Lewis had been afraid of
heights, he would probably not have been able to go rock
climbing with his friends. They went climbing almost
every weekend during the summer.

. Naomi had not yet learned to walk as she was just six

months old/Naomi was a lively six year old and had
learned to walk at a young age/Naomi was an only child.
She was always full of energy. If Naomi had been old
enough to walk, she could have taken herself to the local
playground. Every afternoon it was full of the children
from the local neighbourhood.

Like some young children, Kim didn’t like dogs/Like most
young children, Kim liked dogs/Like some young children,
Kim had always wanted a pet. Her teacher often brought
his puppy to school. If Kim had liked dogs, she would
probably have wanted to own a pet dog. Many children
enjoy looking after cute puppies.

Adam was not very outgoing and rather shy/Adam was
very outgoing and not at all shy/Adam was thinking
about joining some clubs at school. His friends had
joined the drama club at school. If Adam had been
outgoing, he could have auditioned for the school play.
The play was always a highlight of the school year.

John lived in the countryside, voted Green and objected to
pheasant shooting/John lived in the countryside, voted
Tory and enjoyed pheasant shooting/John lived in the
countryside, voted Labour and played on the village
cricket team. He really enjoyed rural life. If John had
enjoyed pheasant shooting, he would probably have
joined the local hunting club. The club was a good place
to meet new people.

Andy had given up beer and spirits for health reasons/Andy
loved to drink beer and spirits/Andy lived in Scotland.
He loved going out and socialising. If Andy drank spirits,
he would probably have enjoyed drinking single malt
whisky. All his friends were whisky connoisseurs.

Luke had never learned how to play guitar/Luke was a
fantastic guitar player/Luke was really interested in
music. He enjoyed listening to rock music. If Luke had
known how to play guitar, he could have joined his
friend’s band. They had attracted a lot of media attention.
Tom had lost his hearing in a childhood accident/Tom had
developed sensitive hearing after damaging his eyesight in
a childhood accident/Tom had paralysis in both of his
legs. When a child, he had accidentally swallowed some
powerful chemicals. If Tom had had good hearing, he
would probably have been more confident as a teenager.
He often felt socially isolated.

Poppy loved going fox hunting/Poppy was an enthusiastic
animal rights supporter/Poppy lived in the countryside.
She really enjoyed the rural life. If Poppy had been an
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19.

20.

21.

22.

23.

24.
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animal rights supporter, she would probably have protested
against the hunts in her local village. Many of her friends
were involved in anti-hunt protests.

Ed had no interest in environmental issues/Ed was keenly
interested in environmental issues/Ed read The Times
every day so that he could keep up to date with current
affairs. He had recently watched the Al Gore film. If Ed
had been interested in environmental issues, he would
probably have started taking the train to work. The
station was right next door to his office.

Dave had no interest in learning to fly planes/Dave was
interested in learning to fly planes/Dave enjoyed learning
new skills. He lived near a flying school. If Dave had
been interested in learning to fly planes, he would probably
have signed up at the local flying school. All his school
friends had signed up for lessons.

Jessica was one of the worst French speakers in her class/
Jessica was one of the most fluent French speakers in her
class/Jessica was an average student in her class. She
enjoyed going on school trips abroad. If Jessica had been
a fluent French speaker, she would probably have enjoyed
her school trip to France more. Her classmates spoke
only French while on their trip.

Emma had never learned to swim/Emma was an excellent
swimmer/Emma enjoyed outdoor pursuits. One year,
she flew to the Bahamas with her friends for a holiday.
If Emma had been able to swim, she would probably
have enjoyed swimming in the sea. The water was crystal
clear.

Henry hated sushi but loved Japanese culture/Henry loved
sushi and all aspects of Japanese culture/Henry loved
Japanese culture. He had first visited Japan when he was
a teenager. If Henry had liked sushi, he would probably
have enjoyed his holidays in Japan much more. He spent
about a month there every summer.

Joanne hated rock music but loved classical music/Joanne
loved rock music and classical music/Joanne came from a
very musical family. Her parents were both professional
musicians. If Joanne had liked rock music, she would prob-
ably have gone to Glastonbury every year. She lived in a
neighbouring village.

Ahmed was not a devout Muslim and never visited the
local mosque/Ahmed was a devout Muslim who prayed
regularly at the local mosque/Ahmed had been brought
up in the east end of Glasgow. He lived just round the
corner from the mosque. If Ahmed had been a devout
Muslim, he would probably have prayed at the mosque
every day. All his family were very religious.

Mary was a student who had never needed a student loan/
Mary was a student who had taken out a student loan/
Mary was a student and had recently finished her exams.
She graduated with a first class degree. If Mary had
taken out a student loan, she would probably have been
able to go on holiday after graduation. Instead, she had
to start earning money almost immediately.
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APPENDIX B

Materials used in Experiment 2

The first sentence in each material was manipulated to generate
each level of the consistent factor (i.e., consistent vs. inconsist-
ent). The conditional sentence is the third sentence and was
manipulated to generate each level of the conditional form
factor (i.e., counterfactual vs. indicative).

1. Darren is not at all athletic/Darren is very athletic. He is
in first year at University and is a member of lots of
teams and clubs. If Darren had been athletic, he could
probably have played on the rugby team/If Darren is
athletic, he probably plays on the rugby team. The team
has a great reputation.

2. Rick hates rough and energetic sports but enjoys games like
golf/Rick loves rough and energetic sports such as judo. He
is very sociable and a member of lots of clubs at University.
If Rick had liked energetic sports, he would probably have
taken part in kickboxing classes at the University sports
centre/If Rick like energetic sports, he probably takes
part in kickboxing classes at the University sports centre.
All his friends have signed up.

3. Jennifer has a dreadful singing voice/Jennifer has a good
singing voice. Her school has a very famous choir. If
Jennifer had been a good singer, she could probably have
sung in the choir/If Jennifer is a good singer, she probably
sings in the choir. It is always winning national competitions.

4. Jane is not a vegetarian and loves eating sausage and bacon
sandwiches/Jane loves being a vegetarian and enjoys eating
tasty tofu burgers. She spends a lot of time eating out
at restaurants. If Jane had been a vegetarian, she would prob-
ably have enjoyed eating the lentil bake at the local vegan
cafe/If Jane is a vegetarian, she probably enjoys eating the
lentil bake at the local vegan cafe. The cafe regularly wins
awards in the national vegan food and drink competition.

5. Alex owns a really slow, rusty car/Alex owns a really sporty
car. There are a lot of speed cameras in the area he lives. If
Alex had owned a sporty car, he would probably have had
points on his licence /If Alex owns a sporty car, he probably
has points on his licence. Many people in his town have
penalty points on their licences.

6. Tim s in bad physical shape/Tim is fit and strong. He lives
near a beautiful forest which has a lovely cycling track. If
Tim had been fit and strong, he would probably have gone
cycling regularly/If Tim is fit and strong, he probably goes
cycling regularly. The track is very popular with cyclists.

7. Louise is rather poor/Louise is extremely rich. She lives
in a flat in London. If Louise had been rich, she could
probably have spent a lot of money shopping/If Louise is
rich, she probably spends a lot of money shopping. Her
flat is near Harrods.

8. Lewis has a good head for heights/Lewis is terrified of
heights. One day his sister took him abseiling. If Lewis had

10.

11.

12.

13.

14.

15.

16.

been afraid of heights, he would probably not have enjoyed
abseiling/If Lewis is afraid of heights, he probably does not

enjoy abseiling. His sister is really into extreme sports.

. Naomi has not yet learned to walk as she was just six

months old/Naomi is a lively six year old who learned to
walk at a young age. Next door to her house there is a
playground. If Naomi had been old enough to walk, she
could have visited the playground regularly/If Naomi is
old enough to walk, she probably visits the playground
regularly. Every afternoon it is full of the children from
the local neighbourhood.

Like some young children, Kim does not like dogs/Like
most young children, Kim likes dogs. Her teacher often
brings his puppy to school. If Kim had liked dogs, she
would probably have wanted to own a pet dog/If Kim
likes dogs, she probably wants to own a pet dog. Many chil-
dren enjoy looking after cute puppies.

Adam is not very outgoing and rather shy/Adam is very
outgoing and not at all shy. His friends are in the drama
club at school. If Adam had been outgoing, he would
probably have been a member of the club too/If Adam is
outgoing, he is probably a member of the club too. The
drama club has a great reputation.

John lives in the countryside, votes Green and objects to
pheasant shooting/John lives in the countryside, votes
Tory and enjoys pheasant shooting. He really enjoys rural
life. If John had enjoyed pheasant shooting, he would prob-
ably have been a member of the village hunting club/If
John enjoys pheasant shooting, he is probably a member
of the village hunting club. The club is a good place to
meet new people.

Andy hates whisky/Andy loves whisky. He enjoys going
out and socialising with his friends in Edinburgh. If
Andy had liked whisky, he would probably have enjoyed
drinking single malt whisky/If Andy likes whisky, he
probably enjoys drinking single malt whisky. All his
friends are whisky connoisseurs.

Luke is a dreadful guitarist/Luke is a fantastic guitarist. He
enjoys listening to rock music. If Luke had been a good gui-
tarist, he could probably have played in a local rock band /If
Luke is a good guitarist, he probably plays in a local rock
band. There are lots of bands in his area.

Tom lost his hearing in a childhood accident/T'om has excel-
lent hearing. One day he was crossing a busy road without
looking to see if there was any traffic. If Tom had had good
hearing, he would probably have had time to react to the
oncoming car honking its horn/If Tom has good hearing,
he probably has time to react to the oncoming car honking
its horn. Luckily the car avoided hitting Tom.

Poppy loved going fox hunting/Poppy was an enthusiastic
animal rights supporter. She really enjoys the rural life. If
Poppy had been an animal rights supporter, she would
probably have protested against the hunts in her local
village/If Poppy is an animal rights supporter, she probably
protests against the hunts in her local village. Many of her
friends are involved in anti-hunt protests.
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Ed has no interest in environmental issues/Ed is keenly
interested in environmental issues. He recently watched
the Al Gore film. If Ed had been interested in environ-
mental issues, he would probably have taken the train to
work/If Ed is interested in environmental issues, he prob-
ably takes the train to work. The station is right next door
to his office.

Dave has no interest in learning to fly planes/Dave is learn-
ing to fly planes. He lives near a flying school. If Dave had
been learning to fly, he would probably have taken lessons
at the flying school/If Dave is learning to fly, he probably
takes lessons at the flying school. All his school friends have
signed up for lessons.

Jessica is one of the worst French speakers in her class/
Jessica is one of the most fluent French speakers in her
class. She enjoys going on school trips abroad. If Jessica
had been a fluent French speaker, she would probably
have enjoyed school trips to France/If Jessica is a fluent
French speaker, she probably enjoys school trips to
France. Her school organises trips every year.

Emma has never learned to swim/Emma is a good
swimmer. This summer, she flies to the Bahamas with her
friends for a holiday. If Emma had been a good swimmer,
she would probably have been planning on swimming in
the sea/If Emma is a good swimmer, she probably plans
on swimming in the sea. The water is crystal clear.
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Henry hates sushi but loves Japanese culture/Henry loves
sushi and all aspects of Japanese culture. He regularly visits
Japan. If Henry had liked sushi, he would probably have
ordered it at least once a day when in Japan/If Henry like
sushi, he probably orders it at least once a day when in
Japan. The areas he visits is famous for its sushi bars.
Joanne hates rock music/Joanne loves rock music. Her
parents are both professional musicians. If Joanne had
liked rock music, she would probably have gone to
Glastonbury every year/If Joanne likes rock music, she
probably goes to Glastonbury every year. She lives in a
neighbouring village.

Ahmed is not a devout Muslim and never visits the local
mosque/Ahmed is a devout Muslim who regularly visits
the local mosque. He lives just round the corner from the
mosque. If Ahmed had been a devout Muslim, he would
probably have prayed at the mosque every day/If Ahmed
is a devout Muslim, he probably prays at the mosque
every day. All his family are very religious.

Mary is rich and has never needed a student loan/Mary is
poor and has had to take out a student loan. She is about
to graduate with a first class degree. If Mary had been
poor, she would probably would not have been able to go
on holiday after graduation/If Mary is poor, she is probably
not able to go on holiday after graduation. Most of her
friends are flying to exotic destinations.
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