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The purpose of a narrative is to tell a story or describe
a set of events. In accord with this, many theorists (e.g.,
Bransford, Barclay, & Franks, 1972; Garrod & Sanford,
1990; Glenberg, Meyer, & Lindem, 1987; Johnson-Laird,
1983; Morrow, Greenspan, & Bower, 1987; van Dijk &
Kintsch, 1983;Zwaan & Radvansky, 1998) have proposed
that motivated readers are primarily concerned with con-
structing a situation model, a mental representation of the
world described by the narrative. Although the concept
of a situation model is incompletely specified, the spatial
component of situation models has been extensively in-
vestigated, with numerous studies asking whether loca-
tion information is included in a situation model. That is,
does spatial information retain a privileged status in
memory, being held in implicit focus (Garrod & Sanford,
1990)or long-term working memory (Ericsson & Kintsch,
1995; Zwaan & Radvansky, 1998)? The importance of
understanding how readers represent spatial information
is due to the central role that location often plays in nar-
ratives. For example, knowledge of a character’s location
aids in the comprehension of “situational anaphors”
(Garrod & Sanford, 1982)—the types of entities, objects,
and actions that may be referred to without their having
been introduced explicitly, such as a menu in a restaurant
(see, e.g., Schank & Abelson, 1977).

Despite the extensive investigation of the question
“Do readers represent spatial information in their situa-
tion models?” a definitiveanswer has not emerged. For in-
stance, although a number of studies have suggested that
readers are able to represent an extensive amount of spa-
tial detail in their situation models (e.g., Haenggi, Kintsch,
& Gernsbacher, 1995; Morrow et al., 1987), in these stud-
ies researchers have employed tasks that strongly encour-
aged participants to pay special attention to spatial detail,
raising the possibility that such findings do not generalize
to more naturalistic reading. Consistent with this, Zwaan
and van Oostendorp (1993) found that when readers were
given instructions to pay close attention to spatial details,
they read spatial information more slowly, suggesting that
they were doing extra processing that would not have oc-
curred in a natural reading situation.Moreover, using a re-
gression analysis, Zwaan, Radvansky,Hilliard, and Curiel
(1998) found that unless readers memorized a map of the
setting of a narrative prior to reading, spatial discontinu-
ities (i.e., changes in location) did not contribute to in-
creased reading time, whereas other situational disconti-
nuities, such as time shifts, did. Finally, Hakala (1999)
found that readers did not make location-updating infer-
ences while reading naturalistic texts unless they were in-
structed to pay careful attention to spatial details.

In contrast, O’Brien and Albrecht (1992; see also Black,
Turner, & Bower, 1979) found that at least some spatial
information is encoded even without special instructions.
They found that readers experienced comprehension dif-
ficulty when they encountered information (e.g., “She de-
cided to go outside the health club”) that was inconsistent
with setting information (e.g., “Kim stood outside the
health club”) presented several sentences earlier. Thus,
under relatively natural reading conditions, readers some-
times encode at least basic location information into their
situation models.

De Vega (1995) proposed two process models that re-
flect the nature of the debate. These models differ with
regard to when readers “update,” or encode, a character’s
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328 LEVINE AND KLIN

location, and the subsequentavailabilityof location infor-
mation in their situation models. According to the online-
updatinghypothesis, readers update location information
immediately upon encountering a change in location.
From this point of view, in O’Brien and Albrecht’s (1992)
study, as soon as readers encountered the description of
Kim’s location they encoded this information into their
situation models. It was then readily available in memory
when they encountered the sentence describing her move-
ment out of the health club. In contrast, according to the
backward-updating hypothesis, updating of location in-
formation is accomplished only when knowing a charac-
ter’s location is necessary to maintain the coherence of a
text. From this point of view, readers did not initially en-
code Kim’s location into their situation models, and thus
this information had to be reinstated through a resource-
consuming memory search when they encountered the
target line (e.g., “She decided to go outside . . .”); that is,
only when Kim’s location became pertinent did readers
reactivate her location from long-term memory.

To contrast these two hypotheses, de Vega (1995) had
participants read short narratives such as the following:

Introduction and layout: Maria was visiting an Italian
town for the f irst time. In one of the squares there is a
bronze sculptureof a soldier riding on a horse. On one side
of the square there is an old palace. Inside the palace there
is a luxurious marble staircase.

Motion sentence: Maria went into the palace from
the square . . . or Maria went out from the palace to the
square . . .

Conclusion: . . . and walked a few steps. She looked
around with admiration.

At the end of the passage, participants made a recogni-
tion judgment to the word palace. There was no facilita-
tion when the probe represented the protagonists’ current
location relative to their former location, providing no
support for the online-updating hypothesis. In another
experiment, however, readers experienced comprehension
difficulty if reference was made to an entity (e.g., the
sculpture) that was not in the current setting of the nar-
rative. On the basis of these findings, de Vega concluded
that location information is not updated immediately. In-
stead, updating occurs only when location information is
needed for comprehension through a resource-consuming
“cue-based inference process” (p. 381).

Despite de Vega’s (1995) conclusions, in the present
paper we ask whether there are any conditions under
which a character’s location is encoded and maintained
in a situation model. If we assume that a limited amount
of information can be included in a situation model, the
choice of what to include should be influenced by a host
of text characteristics such as the importance of informa-
tion to the narrative. That is, we assume that readers are
flexible and efficient with regard to what information is
included in their situation model. De Vega’s passages
were short and relatively absent of any type of goals or ac-
tion, and location changes occurred across short dis-

tances. Thus, characters’ movements may not have needed
to be fully processed for the passages to be coherent. In
contrast, in a narrative in which location is central to the
action in the story, unique,or highly elaborated, it may be
encoded and maintained in the situation model; consider,
for example, a narrative in which a character is walking
through a haunted house. Thus, perhaps the most fruitful
question to ask is not whether readers include location in-
formation in their situation models, but under what con-
ditions readers include location information in their sit-
uation models.

In the present set of experiments,we attempted to iden-
tify a set of text conditions under which readers immedi-
ately update their situation models to reflect location
changes, without special task demands or instructions. In
Experiment 1, we attempted to make location information
highly salient by (1) elaborating on the initial description
of the narrative locations, and (2) making the locations
relevant to the characters’ goals. Both of these factors
should increase the probability that location information
is initially encoded and should increase the probability
that it remains active in memory. As in de Vega’s (1995)
study, the accessibility in memory of characters’ current
location, relative to their old location, was measured with
a recognition probe presented shortly after a location
shift. After finding support for the online-updating hy-
pothesis, in Experiment 2 we began to explore the gener-
ality of this effect, examining the influence of elaborating
the location information. Finally, in Experiment 3, we
tested an extension of the online-updating hypothesis,
asking whether location information retains a privileged
status in memory even several sentences after it has been
described.

EXPERIMENT 1

In Experiment 1, we asked whether there are any text
conditions under which readers immediately update a
change in a protagonist’s location, in the absence of text
that demands access to this location information, and in
the absence of task demands that induce readers to track
location. We used a manipulation and materials similar
to those used by de Vega (1995), but several changes were
made to the materials to increase the salience of the loca-
tion. A sample passage can be found in Table 1. First, lo-
cation information was described elaborately; in the
sample passage there are several lines describing a bar
and a classroom. The added elaboration should both in-
crease the probability that location information is con-
sidered important and lead to a more interconnected net-
work of information about the location, making it more
accessible in memory (e.g., Kintsch, 1988). Second, to
ensure that careful reading of the motion sentences was
important for comprehension, each protagonist’s motion
was integrated into the story by giving the protagonist a
goal or activity in the destination location; in the sample
passage, the protagonist is a medical student who has
plans to go out with friends to a bar. Third, de Vega’s shift
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sentences mentioned both the new and the old locations,
possibly suggesting to readers that the old location was
still important. In the present experiment, the old location
was not referred to in the location shift sentences.

Three versions of the experimental passages were
used. A recognitionprobe, which represented the charac-
ter’s original location, was presented at the end of each
passage. Although all three versions ended with the same
sentence, they had different penultimate sentences. The
first control condition was a no-shift version, with no
time or location shift in the penultimate, “shift” sentence.
Thus, the character’s location should have been easily ac-
cessible in memory. The second control condition was a
time shift version, in which there was no location shift
but there was a time shift, described either as an explicit
time shift (e.g., “After two hours . . .”) or as a completed
activity (e.g., “After finishing . . .”). A time shift condition
was included because location shifts are naturally con-
founded with time shifts in narratives focusing on one
character (e.g., a person cannot go from a classroom to a
bar without time passing). Furthermore, time shifts have

been shown to reduce the accessibility of concepts oc-
curring before them (e.g., Carreiras, Carriedo, Alonso, &
Fernández, 1997; Zwaan, 1996). Thus, to provide the ap-
propriate control, we needed to separate the influence of
location shifts from the influence of time shifts. If time
shifts decrease the accessibility of concepts mentioned
prior to them, then recognition latencies should be longer
in the time shift condition than in the no-shift condition.

Finally, the critical conditionwas the time and location
shift condition. It contained the same time shift as did the
time shift condition, but it also included an explicit loca-
tion shift (e.g., “. . . she went to the bar . . .”). According
to the online-updating hypothesis, readers should imme-
diately update their representations, leading to a reduction
in accessibility of the character’s former location (e.g.,
classroom). Given this, recognitiontimes should be longer
in the time and location shift condition, where the pro-
tagonist has left the classroom, than in the time shift con-
dition, where she remains in the classroom, despite the
fact that the distance between the probe word and the last
mention of the concept is equated across versions. In con-

Table 1
Sample Passages From Experiments 1 and 2

Experiment 1
Introduction and Location Description
Paula was a third-year student at Cornell Medical School. Today she had an anatomy exam. She
had to identify body parts. After the exam she was meeting some friends at their favorite bar,
The Connection. The bar was really a home away from home. It was a bit dark and dirty, but the
staff were all friendly and they served really good appetizers, including free popcorn and the
hottest Buffalo wings that Paula had ever tried.

Placement Sentences
Paula walked into the classroom to start the exam. It was an odd sight with the corpses laid
out on the tables.

Shift Sentences
No-shift condition: Concentrating, she got to work and started writing quickly.
Time shift condition: After two hours, she was still working and writing answers.
Time and location shift condition: After two hours, she went to the bar and met her
friends.

Postshift Sentence
What a long day.

Recognition Probe
CLASSROOM

Experiment 2
Introduction and Location Description
Paula was a third-year student at Cornell Medical School. Today she had an anatomy exam. She
had to identify body parts. After the exam she was meeting some friends at a bar.

Placement Sentence
Paula walked into the classroom to start the exam.

Shift Sentences
Time shift condition: After two hours, she was still working and writing answers.
Time and location shift condition: After two hours, she went to the bar and met her
friends.

Postshift Sentence
What a long day.

Recognition Probe
CLASSROOM
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trast, if location information is updated only when it is
needed to maintain the coherence of the narrative, there
should be no difference in the recognition latencies in the
time shift and time and location shift conditions, replicat-
ing de Vega’s (1995) results.

Method
Participants . Seventy-five members of the SUNY Binghamton

community participated in exchange for course credit or $5. The
data from 7 participants with too many outliers were replaced. 1

Therefore, the analyses were based on data from 68 participants.
Materials . Twenty-one experimental passages were used, with

three versions of each. The passages were all short narratives (mean
length = 9.6 sentences, range = 6–14 sentences) similar to the ex-
ample in Table 1. In all three conditions, passages began with a de-
scription of both a character and a goal, as well as an elaborate de-
scription of the destination location (e.g., the bar) where the goal
was to be achieved. This was followed by one or two placement sen-
tences, in which the character was placed in an “origin” location
(e.g., a classroom) and described as being involved in an activity
there (e.g., taking an exam). The penultimate, shift sentence dif-
fered across the three conditions. In the no-shift condition, the ac-
tivity described in the placement sentence continued, without any
explicit passage of time or a change in location. In the time shift
condition, the sentence described a time shift. In the time and loca-
tion shift condition, the shift sentence described the same time shift
as did the time shift condition, as well as the character moving to
the destination location. Across conditions, the shift sentences were
equated for length and had similar syntactic structures. All three
conditions ended with the same postshift sentence, which made no
reference to location. After the postshift sentence, a recognition
probe was presented. The probe represented the origin location
from the placement sentence—that is, the current location in the
no-shift and time shift conditions, and the former location in the
time and location shift condition.

In addition to the experimental passages, there were 25 filler pas-
sages. All filler probes were common nouns, 7 requiring a “yes”
and 18 requiring a “no” response. Across all passages, 28 probes re-
quired “yes” responses and 18 required “no” responses.

Design . The experimental passages were randomly assigned
with two constraints: (1) Each participant saw one third of the pas-
sages in each of the three conditions, and (2) each version of the pas-
sage was presented to one third of the participants. Filler passages
were interspersed among the experimental passages.

Procedure. The passages were presented on a video monitor.
Each trial began with the words READY FOR NEXT STORY in the cen-
ter of the screen. The passages were displayed one line at a time in
upper- and lowercase letters. Pressing an advance key on a three-
button response box erased the current line from the screen and re-
placed it with the next line. At the end of the passage, the last line
of text was replaced by a warning signal (XXX) centered on the
screen for 500 msec. This warning signal was then replaced by the
probe word, in all capital letters. The participants were instructed
to decide, as quickly and accurately as possible, whether the probe
was in the preceding text by pressing a yes or no key on the response
box. The participants received feedback on the speed but not the
accuracy of their response. Then another warning signal (???) was
presented for 500 msec, followed by a two-alternative forced choice
comprehension question. The participants were instructed to an-
swer the question as accurately as possible and were given feedback
on the accuracy of their response. Before reading the first experi-
mental passage, the participants read three practice passages. To en-
courage careful reading, for five of the filler passages, instead of
answering comprehension questions, the par ticipants were in-
structed to write short continuations (i.e., about two sentences
long). They were informed ahead of time that they would have to
write continuations, but they did not know for which passages.

Results and Discussion
For each participant, recognition latencies over

2,000 msec and outlying latencies, as defined by Tukey’s
(1977) criterion, were discarded; 5.0% of the response
times were dropped.2 In addition, owing to an error, the
data from one of the passages were discarded. In all
analyses to be reported, an alpha level of .05 was used. t1
represents the result of analyses in which the error term
was based on participant variability, and t2 represents the
result of analyses in which the error term was based on
item variability. The results are displayed in Table 2.

Recognition latencies. Recognition latencies were
longer in the time and location shift condition (954 msec)
than in either the no-shift condition (920 msec) [t1(67) =
1.99, SEM = 17.11, p = .05; t2(19) = 1.92, SEM = 21.91,
p = .07] or the time shift condition (895 msec) [t1(67) =
3.21, SEM = 18.36, p = .002; t2(19) = 2.64, SEM = 21.62,
p = .02]. Thus, when the participants read the shift sen-
tence in the time and location shift condition, they deac-
tivatedor suppressed (Gernsbacher, 1990) the old location,
reducing its accessibility in memory. However, because
there was a change in the dimension of time as well as in
the dimension of space in the time and location shift con-
dition, the reduction in the accessibility of protagonists’
former location may have been due to the location shift,
the time shift, or a combination of the two. If recognition
latencies for the time shift condition are compared with
those for the no-shift condition, however, there is no in-
dication that a time shift contributed to the reduction in
the accessibility of the protagonist’s location. In fact,
recognition times were nonsignificantly shorter in the
time shift condition than the no-shift condition (both
ps . .12). This suggests that time shifts only lead to the
reduction in accessibility of temporally bound informa-
tion, such as scenario-dependent characters or brief ac-
tions (cf. Anderson, Garrod, & Sanford, 1983; Zwaan,
Madden, & Whitten, 2000), rather than to all concepts
prior to them. More critically,we can conclude that the re-
duction in accessibilityof characters’ former locations in
the time and location shift condition resulted from the
change in location rather than the change in time.

Error rates. Although the pattern of error rates par-
alleled the recognition results, they did not differ signif-
icantly across conditions (both Fs , 1).

Reading times. Reading times on the last line of each
passage, the “postshift” sentence, did not differ signifi-

Table 2
Postshift Sentence Reading Times and Probe Response

Times (in Milliseconds) and Error Rates: Experiments 1 and 2

Reading Probe Probe
Condition Time Response Time Error Rate

Experiment 1
No shift 1,599 920 14.9%
Time shift 1,611 895 12.8%
Time and location shift 1,572 954 16.4%

Experiment 2
Time shift 1,515 879 8.4%
Time and location shift 1,482 924 12.3%
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cantly across conditions (both Fs , 1). Thus, the differ-
ences in recognition latencies cannot be attributed to any
“spillover” effects from reading the last line.

In summary, the results of Experiment 1 provide sup-
port for the online-updating hypothesis. After a shift in
location, a protagonist’s former location was less acces-
sible in memory than that protagonist’s current location.
This occurred despite the fact that there was no coher-
ence break that required readers to search memory for
the character’s location. In combination with de Vega’s
(1995) finding that current locations were not more ac-
cessible than former locations, the present findings sup-
port the hypothesis that the inclusion of location infor-
mation in a situation model is a function of the same
factors that influence the accessibility of text concepts
more generally, such as the relevance of the information
to the narrative.

EXPERIMENT 2

In Experiment 2, we tested the generality of the find-
ings of Experiment 1. Do readers include location infor-
mation in their situation models only when a character’s
location is highly elaborated? Or does this occur more
commonly? To answer this question, we modified the
passages from Experiment 1 by eliminating the elaborate
location descriptions.

Method
Participants . Fifty SUNY Binghamton undergraduates partici-

pated in exchange for course credit. The data from 5 participants
who made more than 20% errors on recognition probes and 1 par-
ticipant with too many outliers were replaced.

Materials . Twenty of the experimental passages from Experi-
ment 1 were revised (mean length = 6.3 sentences, range = 4–9 sen-
tences) so that the majority of the elaboration about the protago-
nists’ locations was removed (see Example 1). Instead of an average
of 4.7 sentences describing the locations, 3 there were only 2.2. Fur-
thermore, given the lack of influence of a time shift on the availabil-
ity of location information in Experiment 1, the no-shift condition
was dropped. The same filler passages and probes were used as in
Experiment 1.

Design . The experimental passages were randomly assigned
with two constraints: (1) Each participant saw half of the passages
in each of the two conditions, and (2) each version of the passage
was presented to half of the participants.

Procedure. The procedure was identical to that in Experiment 1.

Results and Discussion
Recognition latencies. Mean recognition times are

presented in Table 2. Replicating the key finding of Ex-
periment 1, recognition times were longer for characters’
former locations, in the time and location shift condition
(924 msec), than for their current locations, in the time
shift condition (879 msec). This was reliable by partici-
pants [t1(43) = 2.32, SEM = 19.31, p = .03], but failed to
reach significance by items [t2(19) = 1.51, SEM = 20.44,
p = .15]. Despite the elimination of the majority of the
location elaboration, the advantage (45 msec) for char-
acters’ current locationsover their old locationswas only
slightly less than in Experiment 1 (59 msec).

Error rates. Error rates were lower in the time shift
condition (8.4%) than in the time and location shift con-
dition (12.3%) [t1(43) = 2.64, SEM = 0.015, p = .01;
t2(19) = 1.79, SEM = 0.022, p = .09]. These results are
consistentwith the recognition latency results, again sug-
gesting that a character’s former location is less accessi-
ble in memory after a location shift.

Reading times. Reading times on the last line of the
passages, the “postshift” sentence, did not differ signif-
icantly (both ps . .41). Thus, the differences in recogni-
tion latencies cannot be attributed to any “spillover” ef-
fects from reading the last line.

These results allow us to broaden our conclusions. In
the present set of passages, location information was not
highly elaborated nor was it emphasized through the use
of a specialized task or through instructions. However,
even under these conditions, support was found for the
online-updating hypothesis. It is not the case that support
for the online-updating hypothesis can be found only
when location information is highly elaborated.Although
the influence of a number of additional text factors, such
as the importance of the narrative location to characters’
goals, needs to be investigated, the present results sug-
gest that readers update location information in their sit-
uation models in a variety of circumstances.

EXPERIMENT 3

The results of Experiment 1 demonstrate that when lo-
cation information is highly salient, following a location
shift a protagonist’s current location is more accessible
in memory than the protagonist’s former location. In Ex-
periment 2, we extended this finding by replicating the
pattern of results in passages in which the elaboration of
location information was substantially reduced. Finally,
in Experiment 3, we sought to extend the finding in one
further way. In both Experiments 1 and 2, the reduction in
accessibility of former locations was found only one sen-
tence after a locationshift. Thus, we asked whether the ad-
vantage for a protagonist’s current location was only
short lived, or whether it would be maintained in a situa-
tion model even when it had not been referred to recently.

To answer this question, we examined reading times
on sentences that each contained a definite noun phrase
that referred to an entity that was highly typical of the
protagonist’s current or former location. For example,
after describing a character as being in a forest, the target
sentence was “The trees provided nice shade.” The ease
with which the target sentence is processed should reflect
the accessibility of the location information in memory.
Walker and Yekovich (1987) found, for example, that
script-appropriateobjects (e.g., candles in a birthday party
narrative) could be referred to with a definite noun phrase
and processed with equal ease regardless of whether they
had been introduced explicitly.

Passages appeared in three conditions (see Table 3). In
all three versions, the characters were described as being
in an “original” location (e.g., a forest), and later in the
passage a target sentence included a definite reference
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to an entity typically found in that location (e.g., “The
trees provided nice shade.”). Two factors were manipu-
lated. First, characters either stayed in the original loca-
tion (stay) or moved to a new location (go). Second, the
target sentence either appeared when the original location
was still in focus ( focused) or after several lines of back-
grounding that changed the focus (backgrounded).

The critical condition was the stay–backgrounded
condition, in which the characters remained in their orig-
inal location, but several lines of backgrounding inter-
vened between the description of their location and the
target sentence. These lines shifted the focus of the nar-
rative away from the action occurring in the original lo-
cation to some aspect of the characters’ thoughts or traits
(e.g., “It was terrible how out of shape they were . . .”).
If location information is kept accessible only briefly after
it is described, this backgroundingmaterial, which neither
explicitlynor implicitly referred to location, should cause
the location to be dropped from the situation model.
Given this, when readers encounter the target sentence
they should have difficulty processing a definite reference
to an entity that is not part of the current focus of the nar-
rative. On the other hand, if characters’ current location
remains in the situation model even when it has not been
mentioned for several sentences, the processing of the
target entity should proceed easily.

There were two control conditions. The first was a
stay–focused condition.Unlike in the stay–backgrounded
condition, the target sentence appeared shortly after the
characters’ location was described. Although a couple of
lines of text intervened between the last mention of the
location and the target sentence, the location was salient
in the intervening material (“It was a really hot and
sunny day . . .”). Thus, the location information should
be easily accessible when the noun phrase is encoun-

tered, making processing easy (e.g., Walker & Yekovich,
1987). If location information is maintained in the situa-
tion model in the stay–backgrounded condition, despite
the shift in focus, reading times on the target line should
not differ from those in the stay–focused condition.

The second control conditionwas the go–backgrounded
condition. In this condition, characters were no longer
in the original location but had moved to a new location
(“. . . they went home and collapsed.”). In addition, the
same backgrounding as in the stay–backgrounded con-
dition intervened between the location information and
the target sentence. According to the online-updating hy-
pothesis, and given the results of Experiments 1 and 2,
the change in the characters’ location should cause their
former location to be reduced in accessibility. This should
result in a slowdown on the target sentence due to the dif-
f iculty in establishing coreference between the noun
phrase and a referent that is not present in the narrative
setting (e.g., Anderson et al., 1983;Rinck & Bower, 1995).
Moreover, for narratives like the ones used in this exper-
iment, the use of the simple past tense is appropriate only
for entities that were present in the narrative setting (i.e.,
the “narrative now”; Almeida, 1995).

Method
Participants. Thirty-two SUNY Binghamton undergraduates

participated in exchange for course credit or $5. One participant
made more than 20% errors on comprehension questions, and 1
participant did not follow instructions. The data from these 2 par-
ticipants were replaced. Therefore, analyses were based on 30 par-
ticipants.

Materials . Eighteen experimental passages were used, with
three versions of each (see Table 3). All three versions began with
the introduction of the characters, the establishment of the narrative
location (e.g., a forest), and a description of some action (e.g., a
hike) occurring in that location. In the stay–backgrounded condi-

Table 3
Sample Passage From Experiment 3

Introduction and Placement
Maria and Bill went for a day hike in a state forest about an hour away from their home. It was a
really hot and sunny day, but they hoped it would still be fun.

Stay–Focused Condition Continuation
After a several hour hike, they say down to eat lunch.

Stay–Backgrounded Condition Continuation
After a several hour hike, they sat down to eat lunch. It was terrible how out of shape they were, and
they were both still in their 20s. Bill swore he would get back to playing hockey and Maria said
she’d start running.

Go–Backgrounded Condition Continuation
After a several hour hike, they went home and collapsed. It was terrible how out of shape they were,
and they were both still in their 20s. Bill swore he would get back to playing hockey and Maria said
she’d start running.

Pretarget Line
They both felt exhausted.

Target Line
The trees provided nice shade.

Conclusion
Stay conditions: And this was a nice break from their hike.
Go condition: So neither of them had gotten a sunburn.
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tion, the introductory episode was concluded with an action occur-
ring in the narrative location (e.g., “. . . they sat down to eat lunch.”),
followed by two or three sentences of backgrounding material that
were neutral with respect to the location, but that served to shift the
focus of the passage. In the stay–focused condition, the introduc-
tory episode was concluded with the same action, but there was no
backgrounding. In the go–backgrounded condition, the introductory
episode was concluded with an action that changed the narrative lo-
cation (e.g., “. . . they went home . . .”) and the same background-
ing as in the stay–backgrounded condition. All three versions then
continued with the same pretarget sentence that was neutral with
respect to location and the same target sentence that referred to an
entity typical of the original location. Finally, the last line provided
a sensible completion, which sometimes differed across conditions.
The wording used to describe the passage of time was equated
across all three conditions.

In addition to the experimental passages, there were 21 filler pas-
sages, a subset of those used in Experiment 1. To encourage careful
reading, after 10 of the filler passages a two-alternative forced
choice comprehension question was presented.

Design . The design was the same as in Experiment 1.
Procedure. The procedure was the same as in Experiment 1,

with the following exceptions: (1) No recognition probe task was
used; (2) instead of having to write continuations, at five points dur-
ing the experiment participants were instructed to recall “what hap-
pened” in one of the previous 7 passages, given the first line of the
passage as a recall cue; and (3) only 10 out of 39 passages were fol-
lowed by comprehension questions.

Results and Discussion
For both the pretarget and target lines, outlying reading

times were removed for each item using Tukey’s (1977)
procedure.This resulted in the exclusionof 8.1% and 6.9%
of the pretarget and target reading times, respectively.

Pretarget sentence. Reading times on the pretarget
sentence were 1,768, 1,780, and 1,765 msec in the stay–
backgrounded, stay–focused, and go–backgrounded
conditions, respectively. These times did not differ reli-
ably (both Fs , 1). Thus, any differences in the reading
times on the target sentence were not due to extraneous
factors such as passage length or differences in the dif-
ficulty of processing the pretarget sentence.

Target line. With respect to the main comparison of
interest, the participants read the target sentence as
quickly in the stay–backgrounded condition as in the
stay–focused condition (1,461 vs. 1,449 msec; both ps .
.7). Thus, a character’s location remained as accessible in
the stay–backgrounded condition despite the change in
focus and additional backgrounding. Readers had no
more difficulty processing the target concept (e.g., the
trees) when the protagonist’s location was out of focus
than when it was in focus. We can conclude that, at least
when location is salient in a narrative, it is updated im-
mediately and remains accessible for several sentences
downstream, being maintained in the situation model.

In contrast, it was more difficult to process the target
sentence when it referred to an object found in a charac-
ter’s prior location than when it was found in the charac-
ter’s current location; reading times on the target sentence
were 111 msec longer in the go–backgrounded condition
(1,572 msec) than in the stay–backgrounded condition
(1,461 msec) [t1(29) = 2.33, SEM = 47.73; t2(17) = 1.96,

SEM = 55.25, p = .067]. This extends the results of Ex-
periments 1 and 2, where, shortly after a change in loca-
tion, characters’ former locationswere less accessible than
their current locations. In the present experiment, updat-
ing effects were found even several sentences after a lo-
cation shift.

GENERAL DISCUSSION

In three experiments, we examined the processes in-
volved in encoding location information in narratives
and the nature of the resulting memory representation.
Despite de Vega’s (1995) conclusion that the updating of
location information occurs only to repair a coherence
break, we hypothesized that readers should be flexible
with respect to the information that they include in their
situation models. Given this, the probability of including
location information in readers’ situation models should
be a function of the same factors that influence the ac-
cessibility of text concepts more generally, such as the
amount of elaboration and the centrality of that infor-
mation to the narrative.

Consistentwith this hypothesis, in Experiment 1, when
location information was highly elaborated and inte-
grated into the action of the passages, recognition laten-
cies were significantly longer for characters’ former lo-
cations than for their current locations. In Experiment 2,
this result was replicated even though the elaboration of
location information was reduced. These results provide
support for the online-updating hypothesis (de Vega,
1995); the representation of a character’s old location was
immediately suppressed, or deactivated, when that char-
acter moved to a new location. Thus, readers carefully
tracked location even when there were no special task
demands and when access to this information was not
needed for maintaining the coherence of a text.

In addition to investigating the processes involved in
the updating of location information, in Experiment 3 we
found that location information retains some sort of priv-
ileged status in memory, remaining easily accessible even
several sentences after its last explicit mention. When
participants encountered a definite reference to an entity
typically found in the character’s location, it was as easy
to process when the last mention of the location had been
backgrounded by several sentences of text that changed
the focus as when there was very little backgrounding.

The present set of findings can be viewed with respect
to the more general debate over what types of informa-
tion are represented in a reader’s situation model (Zwaan
& Radvansky, 1998). It appears that readers are flexible
and efficient in their assessment of the relevance of in-
formation to a narrative. For instance, location informa-
tion may or may not be included in a situation model, de-
pending on factors such as the salience of location and
readers’ comprehension strategies and skills. With ma-
terials in which location information was neither elabo-
rately described nor central to the text, de Vega (1995;
see also Hakala, 1999) found that the updating of spatial
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informationwas optional,being done only to maintain text
coherence. In contrast, in the present experiments, when
location information was relevant to the characters’
goals and actions, readers immediately updated their sit-
uation model. In a similar manner, it has been found that
after a time shift, information that is no longer relevant to
a narrative is suppressed (Anderson et al., 1983;Carreiras
et al., 1997; Magliano & Schleich, 2000; Zwaan, 1996),
whereas information that continues to be relevant remains
active (Experiment 1; Anderson et al., 1983; Magliano &
Schleich, 2000; Zwaan et al., 2000).

Clearly, these experiments represent a first step. The
influence of a number of text factors on the salience of
location information remains to be investigated.The ma-
terials used in the present experiments differed in a num-
ber of ways from de Vega’s (1995), making it unclear ex-
actly what text factors are necessary, or sufficient, for
readers to maintain location information in their situation
models. For example, the present materials contained
greater elaborationof location information and integrated
that information with the characters’ goals. Although the
results of Experiment 2 suggest that the elaboration
alone was not critical, the integrationof the location with
the characters’ goals may have been. Current theoretical
accounts of situation model construction (e.g., Gerns-
bacher, 1990; Zwaan, Magliano, & Graesser, 1995) sug-
gest that the co-occurrence of a location shift with a
character’s attempt to satisfy a goal may provide a strong
cue to the reader that the situation model needs to be up-
dated. This theoretical framework also suggests that the
co-occurrence of location shifts with time shifts, as in
the time and location shift conditions in Experiments 1
and 2, may be important (Magliano, Miller, & Zwaan, in
press), with time shifts acting as an additional cue that
the situation model needs to be updated. Another differ-
ence between the current set of materials and de Vega’s
was the relative size of the location shifts (cf. Rinck &
Bower, 1995). Although this was not systematically ma-
nipulated, in many cases the location shifts in the present
materials were between nonadjacent locations, whereas
in de Vega’s the location shifts were always between ad-
jacent locations. It is possible that the greater the size of
a location shift, the greater the probability that readers
will update their situation model. Finally, in addition to
the differences in the materials, there were a number of
methodological differences between the present experi-
ments and de Vega’s. Perhaps most importantly, in the
present experiments, reading was self-paced, whereas in
de Vega’s, reading was experimenter paced. In addition
to contributingto very different reaction times in the recog-
nition task (870–950 msec for our participants, 1,500–
1,800 msec for de Vega’s), this may have somehow altered
the nature of the reading experience.

More generally, although the present findings demon-
strate that there are conditions under which readers main-
tain location information in their situation models, for a
complete theory of discourse processing an understanding

is needed of the influence of the full range of text and
reader characteristics.For example, althoughwe found that
location information remained salient several sentences
after its last mention, with sufficient backgrounding be-
tween the description of a character’s location and a refer-
ence to a location-typicalentity, it is possible that the char-
acter’s location would no longer remain easily accessible.
Second, not only might the amount of backgroundinginflu-
ence the accessibilityof location information,but the nature
of that backgrounding might also play a role; a complete
change in focus might lead to a greater reduction in acces-
sibility. Third, the uniquenessor distinctivenessof a location
(e.g., a haunted house vs. an office) might also influence its
longevity in a situation model. Fourth, the generalizability
of the present results to narratives havingmore than two lo-
cations is an open question.Fifth, the amount of spatial de-
tail that is included in a narrative may influence the prob-
ability of encoding; readers might encode spatial
information carefully only if it was easy to do. Consistent
with this, Zwaan and van Oostendorp (1993) found that
unless instructed to do so, readers did not carefully track
spatial informationin a mystery novel that described a crime
scene with many spatial details, and Mani and Johnson-
Laird (1982) found that readers did not construct a spatial
representation when there was more than one way to do so.
Finally, there might be differences between readers, with
peoplewho were more invested in a story, or who were more
proficient readers, being more likely to maintain location
information in their situation models.

By what process might readers manage the accessibil-
ity of spatial information in their situation models? Ac-
cording to a variety of theories of situation model con-
struction (Garrod & Sanford, 1990; Gernsbacher, 1990;
Zwaan & Radvansky, 1998), readers maintain tokens in
working memory representing the important entities in a
discourse, such as the protagonists and some of their es-
sential characteristics. These entities are considered to
be foregrounded or in explicit focus (Garrod & Sanford,
1990; Zwaan & Radvansky, 1998). In addition to the to-
kens in explicit focus, important background information
about the discourse such as time, location, and goals
(Zwaan & Radvansky, 1998), is held in long-term work-
ing memory (Ericsson & Kintsch, 1995; Zwaan & Rad-
vansky, 1998; see Gernsbacher, 1990, for a similar pro-
posal) or implicit focus (Garrod & Sanford, 1990), being
kept easily accessible through the maintenanceof pointers
from the tokens in working memory. Given the discrep-
ancy between the present findings and de Vega’s (1995),
it appears that location information might or might not be
included in implicit focus dependingon its importance to
the narrative. If location information is included in im-
plicit focus, when a location shift occurs the pointer from
the character to the old location is deactivated or sup-
pressed (Gernsbacher, 1990), resulting in the removal of
the old location from implicit focus and a reduction in its
accessibility. At the same time, the new location enters
into implicit focus, with a pointer being created from the
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character’s token in explicit focus. In addition, as long as
the focused character remains in a particular setting, their
location should remain easily accessible.

In summary, the present findings add to a growing body
of results that suggest that readers are able to keep track
of a variety of situational indices while reading. Time
shifts, both explicit (Anderson et al., 1983; Zwaan, 1996)
and in the form of verb aspect and tense (Carreiras et al.,
1997; Magliano & Schleich, 2000), have been shown to
lead readers to deactivate or suppress no longer pertinent
information. The same has been shown to be true of
episode shifts (Gernsbacher, 1990). Although the present
research leaves open the question of how much spatial de-
tail readers routinely encode (Zwaan & van Oostendorp,
1993), in combination with converging evidence from
Black et al. (1979) and O’Brien and Albrecht (1992), it
suggests that readers are able to encode at least gross spa-
tial detail under naturalistic conditions, using location
shifts as cues to update their representations. Additional
research is needed in order to determine the range of con-
ditions under which location information is encoded into
readers’ situation models and the influential text variables.
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NOTES

1. These participants had fewer than three observations in one or both
conditions after errors and outliers were removed from their data.

2. According to Tukey’s (1977) criterion, a score, X, is defined as an
outlier if X . HU + (1.5) 3 (HU 2 HL ) or X , HU 2 (1.5) 3 (HU 2
HL). HU and HL refer to the scores that cut off the upper and lower 25%
of the ranked scores.

3. A sentence was counted as “describing” a location if it made a di-
rect or anaphoric reference to a location, or if it described some aspect
of the location.
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