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According to current theories in discourse research, readers monitor a series of 5 situ-
ational dimensions during narrative comprehension (Zwaan, Langston, & Graesser,
1995; Zwaan & Radvansky, 1998). These dimensions are time (e.g., the order of
events), space (e.g., locations), protagonist (e.g., main character actions), causality
(e.g., how one event influences another event), and intentionality (e.g., goals). These
experiments were designed to further explore how readers process and represent time
(duration) in situation-model construction. In 3 experiments, we examined how dura-
tion-related inconsistencies influenced processing time and processing strategies.
Results indicate that readers routinely monitor the duration of events and detect tem-
poral inconsistencies even when temporal information is implicitly presented. This
provides evidence for the representation of duration information in situation models.

An important goal in discourse research is identifying and understanding what ele-
ments of text might be represented in memory when we read. Prior research pro-
vides evidence that readers create different levels of representation (i.e., surface,
textbase, and situation model; Fletcher & Chrysler, 1990; Kintsch, Welsch,
Schmalhofer, & Zimny, 1990; van Dijk & Kintsch, 1983). The situation model is
described as a representation that includes information about the reader’s under-
standing of the text in addition to the text proper. Thus, a situation model may in-
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clude a reader’s background knowledge of the domain associated with the text and
inferences that are beyond the scope of the text.

The significance of the situation model has not been lost on cognitive psycholo-
gists. Indeed, there has been considerable research exploring the nature of situation
models since 1983 (see Zwaan & Radvansky, 1998, for areview). One contribution
has been the development of the event-indexing model. According to Zwaan,
Langston, and Graesser (1995), events are the focal points, or glue, that hold to-
gether a situation model. Events are organized in memory based on a series of five
specific dimensions: space, causality, protagonist, intentionality, and time.

Research exploring these dimensions provides insight into the complex nature
of readers’ representations (Zwaan & Radvansky, 1998). With respect to temporal
relations, research demonstrates that comprehension processing increases when
the discourse structure does not match the order of presented events (e.g., a flash-
back is employed), when a connective or shift signifies a longer versus shorter time
frame (e.g., a moment later vs. an hour later) and when explicit time inconsisten-
cies are introduced in the text (Bestgen & Vonk, 1995; Ohtsuka & Brewer, 1992;
Rinck, Gdmez, Diaz, & de Vega, 2003; Rinck, Hahnel, & Becker, 2001; Zwaan,
1996). Although we are certainly making progress, there is still much that we do
not understand about how readers process and represent time in discourse. In the
experiments, we hoped to demonstrate that one element of time, specifically dura-
tion, is monitored by readers and represented in memory as part of the situation
model.

One difficulty in exploring time can be attributed to its conceptualization. Os-
tensibly, there is no one agreed-on definition of time, and there appear to be many
different senses, aspects, or types of time that humans could potentially monitor.
The quantity and description of temporal experiences vary considerably among
psychologists (Block, 1990; Fraisse, 1963; Friedman, 1990; Ornstein, 1972, 1997)
and linguists (Harnish, 1976; Labov, 1972; Labov & Waletzky, 1967; ter Meulen,
1995). For example, duration, succession, simultaneity, order, temporal perspec-
tive (or a sense of past or present), rhythm, impersonal time (socially constructed
units of time), and alternative senses of time are just some of the conceptual com-
ponents explored in temporal research.

This example underscores the complexity of studying time. Discourse research-
ers who include time as an important element of the situation model often do not
acknowledge the multiplicity (i.e., different conceptualizations) of time in their re-
search (Friedman, 1990). To make claims about how readers process, represent,
and recall time, researchers need to be clear about what type (i.e., sense) of time is
being examined.

Duration is clearly an important, perhaps fundamental, aspect of time. Duration
is included (in some form) in all of the temporal research we examined. Duration
can be understood as our ability to represent the relative time course of some event
and possibly recall it later. Consequently, we believe duration is a suitable starting
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point in examining readers’ temporal representations. To our knowledge, duration
has not been explicitly examined as its own element of discourse that may be repre-
sented by readers. However, researchers have used duration to manipulate dis-
course, such as characters, aspect, or goals (Anderson, Garrod, & Sanford, 1983;
Magliano & Schleich, 2000; Singer & Richards, 2005). Duration has also been ex-
plored in combination with other situation dimensions (Scott Rich & Taylor, 2000)
or other types of time (Rinck et al., 2001, 2003). For the purposes of our research,
Rinck et al.’s work is most relevant.

Rinck et al. (2001) examined how readers process inconsistent temporal se-
quence information. An example of a temporally inconsistent passage from Rinck
et al. follows:

Today, Markus and Claudia would finally meet again.

Markus’s train arrived in Dresden on time at 4:10 p.m., and Claudia’s train
arrived at 4:30 p.m.

Markus was very excited when his train stopped at Dresden Central Station
just as scheduled.

He tried to think of what he should say when he met her.

Many people were crowding around the platform.

Claudia was already waiting for him when he got of the train with his huge
bag. (p. 79)

Their experiments provide evidence that reading time increased when readers
encountered inconsistent temporal information. Interestingly, this was the case
whether the readers noticed the inconsistencies or not (and effect sizes were quite
large). Rinck et al. (2001) concluded that their results confirmed the importance of
the temporal dimension of situation models.

Rinck et al. (2001) provided a strong case for the inclusion of temporal informa-
tion in situation-model construction. However, they were admittedly noncommit-
tal about how readers use different aspects of time when constructing situation
models. They stated, “So far, we have been deliberately vague about the exact way
temporal information is represented in situation models. ... Further research will
be needed to identify the factors that determine the way temporal information is
represented in situation models” (p. 77). For example, the authors described their
time manipulations as blunt. Specific time terms were employed, and the inconsis-
tencies were direct contradictions. It is unclear whether readers would attend to
temporal information without the use of specific time terms and direct contradic-
tion. Also, the purpose of Rinck et al.’s experiments was to manipulate temporal
order, but other senses of time may have inadvertently influenced readers. In the
prior example, the inconsistency must be worked out based on given information
much like a high school math problem. In other passages, the inconsistency must
be inferred from both order and duration information (i.e., participants are pre-
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sented with an inconsistency regarding which—of two—trains arrive first at a station,
but the inconsistency can only be inferred if participants attend to the duration of
the train trips).

Rinck et al.’s (2001) research provided insight into the importance of temporal
information in situation-model development. Additional research is needed to doc-
ument how readers make use of different types of time, which types of time com-
prehension are necessary for building a coherent situation model, and which are
routinely monitored. The purpose of the research described here is to begin to fill
this research gap about how readers process, understand, and represent duration.

We present three experiments that provide insight on how duration is utilized
when readers construct situation models. Experiment 1 examined whether readers
were sensitive to inconsistencies in the duration of events described in a text using
the inconsistency paradigm employed by Albrecht and O’Brien (1995) and Rinck
et al. (2001). Experiment 2 expanded on the design of Experiment 1 by measuring
readers’ reactions to duration-related comprehension problems when duration
terms were not explicitly mentioned. Experiment 3 provides information about
readers’ awareness of event durations and the strategies they used to process the
texts.

EXPERIMENT 1

Albrecht and O’Brien (1995) and Rinck et al. (2001) used the inconsistency para-
digm to discern whether readers were sensitive to specific types of information in
text. We adopted this procedure to explore whether readers were sensitive to incon-
sistencies regarding the duration of text events.

Experimental passages contained a sentence that was either consistent with the
normal duration of a particular activity or inconsistent with the normal duration of
a particular activity. The sample passage depicted in Table 1 describes eating in a
restaurant, and different time terms were used to describe that activity. In the con-
sistent version, a sentence describes two friends who spend 1 hr in a restaurant
(normal amount of time). In the inconsistent versions, two friends spend 7 hr in a
restaurant (an unusually long time) or 5 min in a restaurant (an unusually short
time).

Using the duration term / hr is generally consistent with what we know about
the average time spent in a restaurant. Readers were expected to read the critical
sentence fastest in this condition. The other duration terms are less consistent with
our conceptualization of the normal amount of time spent at a restaurant given the
context of the passage. It is possible, but unlikely, to be in a restaurant for only 5
min or for as long as 7 hr. If readers have trouble (indicated by increased reading
times) processing the inconsistent time sentences, this would provide direct evi-
dence that temporal inconsistencies disrupt reading and indirect evidence that
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TABLE 1
Sample Passage for Experiment 1 Demonstrating the Three Conditions:
Consistent, Short Inconsistent, and Long Inconsistent

Sally had just finished her last college final in Organic Chemistry and was going home for the
summer soon. Sally decided to meet her friend Cleo for lunch that day. Cleo and Sally were old
friends from high school but Cleo was attending a different college across town. Sally and Cleo went
to a small Thai restaurant that was located between their two schools.

Sally and Cleo spent one hour (consistent) at the restaurant.
Sally and Cleo spent five minutes (inconsistent—short) at the restaurant.
Sally and Cleo spent seven hours (inconsistent-long) at the restaurant.

Then Sally decided to head back. Sally was glad that she had a chance to talk with Cleo. Sally was
looking forward to seeing Cleo over the summer break.

Comprehension Questions (true or false)
1. Sally’s exam was in Political Science.
2. Sally and Cleo spent very little time together in high school.

readers represent the duration of an event described in the text. If reading times do
not increase in the inconsistent versions, this suggests that readers do not monitor
information about the duration of events in text while reading. We predicted that
reading times for the long and short inconsistent duration target sentences would
be longer than the consistent duration target sentences.

Method

Passage development and norming. To provide a stable base of duration
times to draw on, when developing the stimuli, mean duration estimations for a list
of 25 personal events were collected. Forty-eight participants provided duration
estimates for the activities. Duration inconsistencies were developed based on the
average event durations from the norming study. Of the 25 activities, 12 were se-
lected for use in experimental passages. For all three versions of a given passage,
target sentences had the same number of words. Character length was also roughly
equated across conditions (i.e., within two characters). Spillover sentences (i.e.,
sentences following the target sentences) were identical across the three versions
of each passage (see Table 2).

Placing an event in the context of a passage may lead to different estimates of
that event’s duration than estimates generated by considering the event in isolation;
therefore, the durations used in each passage were evaluated within their context
using a ranking procedure. Twenty participants completed the ranking procedure.
Participants were provided with the context of the passage and decided the appro-
priateness of each of the possible duration sentences. The order of options in the
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TABLE 2
Mean Duration Estimations for Example Activities Used
in Experiment 1 and 2

Activity Estimate
Tying your shoes 184 s
Brushing your teeth 2.4 min
Showering 16.5 min
Commuting to school or work 48 min
Walking a mile 19 min
Closing a door 22s
Talking a nap 1.4 hr
Writing a check 50s
Getting a haircut 29 min
Average telephone call 27 min
Time you spend sleeping on an average night 6.5 hr
Average vacation duration 1.3 weeks
Preparing a meal 48 min
Eating at a restaurant 38.5 min
Reading a book in one setting 3 hr
Working out 62 min
Getting dressed 9.7 min
Duration of your childhood 12.2 years
Watching TV 2.3 hr
Shopping 3 hr
Visiting the dentist 1.1 hr
Drinking a cup of coffee 17 min
Spending time at the beach 2.8 hr
Playing a board game 1.2 hr
Classes for the week 14 hr

ranking guide was randomized to control for potential order effects. This ranking
procedure provided information that was used to ensure that the duration of events
described in context matched their duration out of context in terms of which dura-
tion was the most natural (consistent) and which durations were least natural (short
or long inconsistent). Thus, the ranking procedure provided information regarding
the relative plausibility of the duration of events. The results were used to construct
experimental passages in which plausibility was controlled (i.e., ensure that a short
or long event was not the most plausible event within the context of a passage). The
final passage rankings for the conditions were as follows: consistent (1.1), short in-
consistent (2.5), and long inconsistent (2.4).

Participants and design. Seventy-eight students from the University of Illi-
nois at Chicago participated to fulfill an introductory psychology course require-
ment. The design was a one-factor, within-subjects design with three groups (con-
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sistent duration, inconsistent short duration, and inconsistent long duration). The
primary dependent measure was reading time per sentence. The second dependent
measure, accuracy on comprehension questions, was evaluated to ensure that par-
ticipants attended to the passages.

Participants read 32 passages (20 filler and 12 experimental). Two additional
practice passages (filler passages) were presented at the beginning of the experi-
ment to familiarize participants with the task. Filler passages did not contain time
inconsistencies and were included to draw attention away from the duration incon-
sistencies (as suggested by Rinck et al., 2001). Of the 12 experimental passages, 4
were consistent, 4 were short inconsistent, and 4 were long inconsistent. In the
overall design, only 25% of the passages contained an inconsistency. The order of
passages was randomized.

Two comprehension questions were administered after reading each passage.
One comprehension question was designed to tap surface or textbase understand-
ing and the other tapped situation-level understanding. Neither comprehension
question tested readers about information from the critical duration sentences. Ta-
ble 1 provides example passages and comprehension questions.

Procedure.  All aspects of the experiment were controlled using the program
SuperLab (for the PC). Passages were presented one sentence at a time via com-
puter using a noncumulative self-paced reading procedure. All text was displayed
in black on a white background using a 15-in. monitor. Text was presented in
Times New Roman font and a 12-point size. Passage sentences were centered ver-
tically and left-aligned.

Participants were verbally instructed to read the passages for comprehension
such that they could answer subsequent questions about the passages but not to
dwell on any particular part of the text. Participants were informed that there were
three keys that they would use when completing the experiment. The spacebar was
used to move forward in the experiment (i.e., read each sentence of the passages),
and the T key and F keys were used to answer true and false questions. These in-
structions were also presented on-screen. The SuperLab program recorded the
time between all key presses and all key types that were pressed.

Results

The primary dependent variable was mean reading time per sentence for target
sentences. Reading times for sentences immediately following the target sentences
(Target + 1) were also measured to evaluate the possibility of spillover effects.
Using upper and lower cutoffs of +2 standard deviations (within condition) for the
critical sentences resulted in omitting 9.1% of the target sentence data and 6.2% of
the spillover sentence data. One participant did not have data in one condition after
outlier removal. The condition mean was inserted for that subject to maintain an



180 THERRIAULT AND RANEY

TABLE 3
Mean and Standard Error Reading Times in Milliseconds
for Target Sentences in Experiment 1

Consistent Short Inconsistent Long Inconsistent
Sentence Type M SE M SE M SE
Target 2,030 54 2,418 59 2,206 71
Target + 1 (spillover) 2,122 64 2,136 55 2,167 62

equal number of participants per condition. Reading times were analyzed by sub-
jects (F1) and by items (F?7).

Accuracy on comprehension questions was measured to ensure that partici-
pants attended to the materials. No participant’s accuracy score was at or below
70%. Consequently, all participants were included.

To test the hypothesis that reading inconsistent duration sentences would in-
crease reading times relative to congruent duration sentences, one-factor
within-subjects analyses of variance (ANOVAs) were performed to compare mean
reading times for the consistent, short inconsistent, and long inconsistent target
sentences. Target sentence means are presented in Table 3.

An initial ANOVA indicated significant main effects by participant, Fi(1, 77) =
9.96, MSE =2,944,356, p < .001, and by items, F2(2, 22) = 5.04, MSE = 458,898, p
=.016. Short inconsistent duration sentences were read 388 ms slower than consis-
tent duration sentences, and this difference was significant by participants, #1(77) =
7.10, p <.001, and by items, #2(11) = 3.96, p < .05. Long inconsistent duration sen-
tences were read 176 ms slower than consistent duration sentences. This difference
was significant by participants, #,(77) = 2.53, p < .006, but not by items, t>(11) =
1.61, p > .05. There was also a significant difference in reading times for long and
short inconsistent duration sentences by participant, #(77) = 3.13, p < .001
(two-tailed) but not by item, #>(11) = 1.36, p > .05 (two-tailed), but in the opposite
direction predicted. Specifically, reading times were 212 ms longer for the short in-
consistent duration sentences than for the long inconsistent duration sentences.

To evaluate the possibility of spillover effects, mean reading times on target + 1
sentences were analyzed. ANOVAs did not indicate any significant differences in
reading times, Fi(1, 77) < 1; Fa(2, 22) < 1, across conditions, indicating no
spillover.

Discussion

As predicted, readers had difficulty reading text that introduced duration inconsis-
tencies. This provides evidence that readers monitor the duration of events in nar-
rative text. Increased reading times for sentences with duration inconsistencies did



REPRESENTING TIME 181

not spillover to the target + 1 sentences. Interestingly, reading times for long incon-
sistent sentences were less than short inconsistent sentences. One possible reason
for this outcome is that the effects of duration in Experiment 1 are manifesting
themselves in goal achievement. This is possible because changing the duration of
activities described in the text may violate the expected completion of the activity.
For example, in one passage two individuals were described as getting together at a
restaurant to catch up on their lives. In the short inconsistent condition, the individ-
uals spend 5 min in the restaurant, in the long inconsistent condition they spend 7
hr, and in the consistent condition they spend 1 hr. The short inconsistent condition
might cause a goal-comprehension problem because 5 min is not likely to com-
plete the goal of eating in a restaurant and discussing life events. This is not the
case for the 7-hr scenario. It would be unusual to spend so much time in a restau-
rant, but the goal of eating and talking would still be achieved. If the temporal in-
consistency is interpreted in terms of the goal, then the short inconsistent condition
should produce the greatest violation and, consequently, the greatest increase in
reading time. Thus, the short inconsistent condition can be seen as a temporal
problem that produces a goal-achievement problem, whereas in the long inconsis-
tent condition the temporal problem does not produce a goal-achievement prob-
lem. This possibility is explored in Experiment 2.

Another possible explanation for the obtained pattern of data is the dependence
on socially constructed units of time, such as seconds, minutes, or hours. Recall
that duration inconsistency was built by varying exact time terms in the target sen-
tences. The use of specific time units may not be the most direct manner in which
to examine duration. The literature on time understanding suggests that social con-
structed time units (e.g., seconds, dates, and so forth) are the last sense of time to
develop in young adults and are even difficult for some adults to use (Friedman,
1990). This does not suggest that duration cannot be monitored using such units
but that the introduction of specific units might further complicate duration under-
standing. Moving away from using specific social-time terms might provide a
clearer picture of the effects of duration. Experiment 2 was designed to manipulate
duration without the use of specific socially constructed time terms.

EXPERIMENT 2

Experiment 2 was designed to evaluate whether (a) readers evaluate temporal in-
formation when time terms are not explicitly stated and (b) whether temporal in-
formation interacts with goal achievement. To do this, potential duration-related
problems were built into passages by implicitly contrasting the duration of two
events in a particular context. Experimental passages contained four sentences of
interest: (a) a base event that roughly anchored a time frame, (b) a comparison
event that was either congruent with the base event (similar duration) or not con-
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gruent (different duration) given the context of the passage, (c) an intervening sen-
tence (intended to capture any spillover effects that extended beyond the immedi-
ate processing of the comparison sentence and to separate potential effects from
subsequent outcome sentences), and (d) an outcome sentence that provided infor-
mation regarding the achievement of the goal as well as a context for further evalu-
ation of the base and comparison events.

Because Experiment 2 was designed to evaluate whether readers monitor the
duration of events when a text does not include specific time terms, it required a
more complicated manipulation of duration than Experiment 1. Consider the fol-
lowing two examples (taken from the Appendix, passages 3 and 2, respectively). In
passage 3, the base event is waiting for a TV show to finish so that an upcoming
show may be watched, the comparison event is painting all the bathroom walls,
and the outcome event is missing a TV show. A TV show typically lasts between
30 min and 1 hr. The comparison event (painting the walls) takes considerably
more time than the base event. The base-event duration and comparison-event du-
ration do not match; therefore, they are labeled incongruent. This duration
incongruency leads to duration-related comprehension difficulty because it would
not be possible for the protagonist to watch his TV show if he engaged in the com-
parison activity. In this example, the comparison sentence is expected to be the
source of the duration-related comprehension problem. The outcome sentence in-
dicates that the show was missed. This outcome is consistent with the dura-
tion-comprehension problem because the protagonist misses his TV show. There-
fore, it will not be a source of comprehension difficulty (i.e., reading time should
not increase in this particular example for the outcome sentence compared to other
conditions).

In passage 2, the comparison event is taking out the bathroom trash. The com-
parison event takes considerably less time than the base event. The base event du-
ration and comparison event duration do not match; therefore, they are labeled in-
congruent. This incongruency is not expected to lead to a large duration-related
comprehension problem because taking out the garbage is not likely to exceed the
duration of the base event. Although a large duration-related comprehension prob-
lem is not expected for this sentence, the outcome sentence is expected to cause a
duration-related comprehension problem. Readers are expected to have difficulty
comprehending the fact that the protagonist missed the show given the short dura-
tion associated with the comparison event.

If readers represent the duration of described events, then reading times of com-
parison sentences and outcome sentences that establish duration-related compre-
hension problems should increase relative to comparison events and outcome sen-
tences that do not create duration-related comprehension problems. The critical
point is that comprehension difficulties that occur when reading the comparison
sentence or outcome sentence both result from duration-related comprehension
problems.
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Presenting events in the manner described here created particular challenges.
One challenge was to control the effect that goal achievement (i.e., outcome) might
have on reading times. Introducing a goal that was not achieved was expected to in-
crease reading times; therefore, goal achievement was included as a factor in this
experiment. Half of the experimental passages contained goals that were achieved
(e.g., protagonist watches the TV show) and half did not (e.g., protagonist misses
the TV show).

A second challenge that needed to be considered was the plausibility of events.
Events in the experimental passages might vary in terms of their plausibility (i.e.,
be more or less likely) given the context of the passage. Reading times for more
plausible events might be shorter than less plausible events, irrespective of dura-
tion of the events described (Speer & Clifton, 1998). To control for potential plau-
sibility effects, comparison-event sentences were ranked for plausibility by a sepa-
rate group of participants, and this information was used to help construct stimuli.
The plausibility ranking was similar in format to the ranking procedure used in Ex-
periment 1. Twenty-two participants were provided with the context of the passage
and decided the appropriateness of each of the possible comparison sentences. The
order of comparison sentences in the ranking guide was randomized to control for
potential order effects. As expected, the congruent condition received the lowest
mean rank of 1.3, indicating these events were most plausible. Mean ranks for the
short incongruent sentences and long incongruent conditions were 2.2 and 2.5, re-
spectively.

Primary Hypotheses

Each experimental passage contained four target sentences (indicated by italics in
the Appendix), and reading times on each sentence were collected. If reading times
increase at the point of expected duration-related comprehension problems, this
indicates that the duration of events were represented and evaluated even though
no specific duration terms (i.e., seconds, minutes, or hours) were used in the pas-
sages. Predictions regarding the pattern of results for each target sentence are pro-
vided next. The predictions refer to the sample passages in the Appendix.

Hypotheses Set 1: Comparison sentences. Temporally incongruent
long conditions (Appendix, passages 3 and 6) were expected to produce longer
reading times for comparison sentences relative to short incongruent and congru-
ent sentences. This was predicted because the comparison activity in these condi-
tions overshoots the expected duration frame, which creates a duration-compre-
hension problem. That is, the comparison activity (painting all of the walls) takes
considerably more time than the duration of the base event (waiting for the TV
show).
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Temporally incongruent short conditions (e.g., passages 2 and 5) were expected
to produce the next longest reading times for comparison sentences because the
duration of the comparison event does not match the base event. That is, emptying
the garbage does not “fill” the time necessary to wait for the TV show. The short in-
congruent conditions were not expected to produce the same level of dura-
tion-comprehension problem as the long incongruent condition, because it is still
possible for the protagonist to watch the show (e.g., the protagonist could have en-
gaged in some other activity that wasn’t specified in the text).

Congruent conditions (e.g., passages 1 and 4) were not expected to produce
comprehension difficulties and thus were expected to elicit shorter reading times
than long and short incongruent conditions.

Hypothesis Set 2: Intervening sentences. Intervening sentences were in-
cluded to separate potential effects of the comparison and outcome sentences and
to capture any “spillover” resulting from the comparison sentence. Spillover ef-
fects were only predicted when comparison-event sentences cause duration-com-
prehension problems. Temporally incongruent long conditions (e.g., passages 3
and 6) were candidates for spillover. Reading times for these conditions were ex-
pected to be longer than the other conditions, which were not expected to differ.

Hypothesis Set 3: Outcome sentences. A main effect of goal achieve-
ment was predicted (not achieving a goal would lead to increased reading time for
outcome sentences). An interaction was also predicted between congruency and
goal achievement. Specifically, reading times for not-achieved outcome sentences
in the short incongruent condition (passage 5) were expected to be greater than
outcome sentences in the long incongruent condition (passage 6). The opposite
was predicted for goal-achieved outcome sentences; reading times for
goal-achieved outcome sentences in the long incongruent condition (passage 3)
should be greater than for short incongruent outcome sentences (passage 2). This
interaction was expected because the outcome events in these conditions create an
unnatural duration situation with respect to the expected duration frame and com-
parison event. In essence, the reader might wonder why one would miss a show be-
cause of taking out the garbage. How would someone catch the show given the
long period of time spent painting the bathroom? Resolving these questions should
increase processing time.

Method

Participants. One hundred twenty-six students from the University of Illinois
at Chicago participated to fulfill an introductory psychology course requirement.
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Design and materials. The design of the experiment was a 3 (duration
congruency: congruent, incongruent short, incongruent long) x 2 (goal
achievement: goal achieved, goal not achieved) factorial. See the Appendix for
sample passages.

The primary dependent measure was reading time for target sentences. The sec-
ond dependent measure, accuracy on comprehension questions, was evaluated
only to ensure that participants attended to the passages. Questions were not asked
about information related to the base or comparison sentences in the passages. Two
comprehension questions were administered after reading each passage. One com-
prehension question was designed to tap surface or textbase understanding and the
other tapped situation-level understanding.

Participants read a total of 32 passages (20 filler and 12 experimental). Filler
passages did not include time inconsistencies and were included to draw attention
away from the duration-related problems. Of the 12 experimental passages, 2 pas-
sages were presented in each of the six conditions. Only 8 of the 12 experimental
passages included some form of a duration-related manipulation. Overall, only
25% of the passages contained a duration incongruency. Comparison sentences
were constructed so that sentence lengths would be similar across the congruent,
short, and long conditions. Similarly, outcome sentences in which the goal was
achieved were matched for length with outcome sentences in which the goal was
not achieved. All other critical sentences (intervening and wrap-up) were identical
across versions of each passage.

Procedure. The procedure, apparatus, and instructions were identical to
those used in Experiment 1. The only change was in the stimuli used.

Results

Mean reading times were analyzed for comparison sentences, intervening sen-
tences, and outcome sentences. Reading times were analyzed by subjects (F) and
by items (F2). The same outlier removal procedure was adopted from Experiment
1 with one exception. Extreme outliers (i.e., sentence reading times greater than 20
s) were first removed to avoid artificial inflation of outlier cutoffs, thereby reduc-
ing the number of data points labeled outliers. Extreme reading times are well out-
side the range of normal reading times for the critical sentences. Removing ex-
treme outliers and using the + 2 standard deviations cutoffs within condition
resulted in omitting 8.6% of the comparison-sentence data, 3.8% of the interven-
ing-sentence data, and 8.3% of the outcome-sentence data.

Accuracy on comprehension questions was measured to ensure that partici-
pants attended to the materials. No participant’s accuracy score was at or below
70%. Consequently, all participants were included in analyses.
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To test the prediction that reading incongruent comparison sentences would in-
crease reading times relative to congruent comparison sentences, one-factor
within-subjects ANOVAs were performed to compare mean reading times for the
congruent, short, and long comparison sentences. The ANOVAs for comparison
sentences indicated significant main effects by subjects, Fi(1, 125) = 12.47, MSE
=3,783,116, p <.05, and items, F»(2, 22) = 3.89, MSE = 320,004, p = .036. Table 4
shows the mean reading times. Mean reading times for each condition were com-
pared using one-tailed 7 tests because specific directional predictions were made a
priori. As expected, long incongruent comparison sentences were read signifi-
cantly slower (347 ms slower) than consistent duration sentences, #1(125) =5.37, p
< .001. Short incongruent comparison sentences were also read slower than con-
sistent duration sentences (140 ms slower), #1(125) = 2.04, p < .05. Long incongru-
ent comparison sentences were read 207 ms slower than short incongruent sen-
tences, #1(125) =2.70, p < .05.

To evaluate the possibility of spillover effects, mean reading times on interven-
ing (comparison + 1) sentences were analyzed. One-factor within-subjects
ANOVAs indicated significant differences by subject but not by item, F(1, 125) =
4.06, MSE = 289,624, p < .05; F»2(2,22) > 1. Intervening sentences following long
incongruent comparison sentences were read significantly slower (88 ms slower)
than consistent duration sentences, #1(125) = 2.72, p < .05. Intervening sentences
following short incongruent comparison sentences were also read slower than
those following consistent duration sentences (76 ms slower), #;(125) =2.12, p <
.05. No difference was detected between reading times for intervening sentences
following long incongruent and short incongruent comparison sentences, #(125) =
.30, p > .7. These analyses indicate that the duration manipulation spilled over to
the sentence immediately following the comparison sentence; providing stronger
evidence that the duration manipulation had an effect. The analyses could also be
interpreted to suggest that readers are representing the duration of events after they
have been initially processed.

TABLE 4
Mean and Standard Error Reading Times in Milliseconds
for Sentences in Experiment 2

Congruent Short Incongruent Long Incongruent

Sentence Type M SE M SE M SE

Comparison 3,120 63 3,260 64 3,467 76

Intervening 1,948 36 2,024 43 2,036 39
Outcome

Goal achieved 2,550 59 2,584 59 2,530 54

Not achieved 2,558 55 2,666 51 2,656 59

Note. Goal status cannot be defined prior to reading the outcome sentence.
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According to Hypotheses Set 3, there should be a main effect of goal achieve-
ment and an interaction between goal achievement and duration congruency. To
evaluate these predictions, reading times for goal-achievement sentences were
compared using 3 (congruency) x 2 (goal achievement) within-subjects ANOVAs.
The ANOVAs indicated a significant main effect of goal achievement by subject,
Fi1(1, 124) = 6.54, MSE = 1,220,674, p < .05, but not significant by item, F»(1, 11)
=3.41, MSE =222,447, p=.092. Overall, reading time for goal achieved outcome
sentences (2,555 ms) was 82 ms faster than goal not achieved sentences (2,637
ms). There was no main effect of the duration manipulation on outcome sentences,
F1(2, 123) < 1; F2(2, 22) < 1, and no evidence of an interaction between congru-
ency and goal achievement, F(2, 248) < 1; Fa(2, 22) < 1.

Discussion

The primary hypothesis set was confirmed: Readers had more difficulty reading
temporally incongruent comparison sentences than temporally congruent sen-
tences. These results provide direct evidence that readers monitor duration because
comprehension problems could only occur if the durations of the events described
were evaluated and represented in memory. Situation models are often described
as containing information that extends beyond the textbase (i.e., information added
from knowledge that was not included in the text proper). In the incongruent com-
parison sentences, readers must have accessed their own knowledge of duration or
inferred the durations of events because this information was not provided in the
textbase. This is consistent with a situation-model level of analysis. The effects of
duration incongruencies also manifested themselves in sentences that follow the
incongruency (the intervening and goal sentences). Consequently, duration infor-
mation must have been retained after reading the comparison sentence.

Also as predicted, long incongruent comparison sentences caused more com-
prehension difficulty than the short incongruent sentences. This prediction was
based on the expected level of the comprehension disruption. The long incongru-
ent condition clearly violates the time frame set by the base event (i.e., it over-
shoots the time associated with the base event) and creates a duration-related com-
prehension problem. The short incongruent condition also violates the time frame
set by the base event (i.e., it undershoots the time associated with the base event),
but because the short-duration events may be completed within the time frame es-
tablished by the base event, less disruption was expected than for long-duration in-
congruent events.

Analyses also indicated a significant main effect of goal achievement: Readers
took longer to read outcome sentences in which the goal was not achieved than
when it was achieved. This was expected and is consistent with intentionality re-
search, which provides evidence that readers spend additional cognitive effort at-
tempting to integrate failed goals (Lutz & Radvansky, 1997; Suh & Trabasso,
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1993; Trabasso & Suh, 1993). The effects of goal achievement were also localized
to the sentence in which the goal outcome was stated. There was no evidence of
spillover in wrap-up sentences.

There was also no evidence for the predicted interaction of congruency and goal
achievement. A significant interaction would suggest that duration information in-
fluenced subsequent goal processing. Thus, the status of duration information after
reading the comparison sentence remains an open question. This experiment was
not designed to measure the contents of the final situation model after reading was
completed, but this would be a logical next step in the exploration of duration rep-
resentation.

In summary, Experiment 2 demonstrated that implicit duration incongruencies
cause reading difficulties (as measured by increased reading times). The results
provide strong evidence that the duration of events was monitored and evaluated in
comparison sentences but no evidence that the duration information was retained
or used to evaluate nonduration information, such as intentionality in the outcome
sentences. The findings also indicate that the methodology used was sensitive
enough to measure comprehension disruptions at both temporal and intentional
(i.e., goal) levels.

EXPERIMENT 3

Readers could have approached duration-related problems in a variety of ways.
For example, readers might have noticed a duration-related comprehension prob-
lem (e.g., that painting all of the bathroom walls would take more time than wait-
ing for a TV show to start) but dismissed it as an unintended mistake. Or, readers
might have noticed a problem and made some sort of repair or elaborative infer-
ence to explain it. Consider the TV/painting example again. Although the protago-
nist is waiting for a TV show to start, he paints all of the walls in his bathroom. He
then comes back to watch the TV show. The reader might have inferred that very
little painting was needed because the bathroom was small, or that the protagonist
was finishing up a job he started previously. Elaborative inferences would help the
reader understand how the protagonist was able to watch the TV show.

Another alternative is that readers might not notice duration-related compre-
hension problems. Rinck et al. (2001, Experiment 4) had participants read a pas-
sage containing a temporal inconsistency and then report whether an inconsistency
was present. Only half of the participants explicitly reported the inconsistency. Im-
portantly, reading time increased when participants encountered the inconsistency
even if readers did not report the inconsistency. In a follow-up eye-tracking study,
Rinck et al. (2003) reported only 36% of participants noticed the inconsistency.
Participants who noticed the time problem were more likely to make regressions to
the critical sentences and make longer (second-pass) fixations on that sentence.
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The purpose of Experiment 3 was to examine whether readers were aware of the
implicit duration-related problems and to identify strategies used by readers to
process duration-related information. In Experiment 3, participants produced writ-
ten think-aloud protocols while they read passages identical to those used in Ex-
periment 2. To collect the written protocols, participants typed their thoughts after
reading each sentence from a passage. Written responses to the critical sentences
(i.e., comparison sentences, intervening sentences, outcome sentences, and
wrap-up sentences) were then analyzed. Although verbal protocols have been used
more frequently than written protocols, written protocols provide an effective way
for participants to report their thinking processes during a task (Schooler, Ohlsson,
& Brooks, 1992). Lutz and Radvansky (1997) provided specific evidence that writ-
ten protocols replicate previous results obtained using verbal protocols.

Predictions About Awareness Levels

Participants were not expected to notice every duration-related inconsistency. This
expectation is based on Zabrucky’s (1990) finding that students frequently fail to
adequately monitor their understanding of texts and on Rinck et al.’s research
(2001, 2003, Experiments 4 and 2, respectively). Using Zabrucky and Rinck et al.
(2003) as a guide, we expected roughly a third of the participants in Experiment 3
to notice the duration-related problems specified in Experiment 2 (i.e., from com-
parison sentences in passages 2, 3, 5, and 6 in the Appendix, all incongruent condi-
tions). The decision to examine outcome sentences was based on the hypothesized
interaction between the duration manipulation and goal achievement. There was
no evidence for this interaction in Experiment 2, but the outcome sentences were
analyzed to further explore readers’ thought processes. We also expected that sen-
tences that contained duration-related problems would be more likely to elicit pro-
tocols that referenced a duration-related comprehension problem than sentences
that did not contain duration-related problems.

Awareness was assessed by coding participants’ protocols for statements that
did or did not reference duration-related comprehension problems. Protocols were
scored as indicating awareness if participants reported a duration problem. This re-
port could take many forms. For example, some participants explicitly mentioned
time terms when reporting duration-related problems (e.g., “4 CDs mean about 3
hours of music. So she was out a long time”). Other participants made statements
or posed questions that suggested there was a duration problem in the text (e.g.,
“Sounds like a really short day. What happened to tanning?”’). Some participants
made an elaboration or inference in an attempt to explain the duration problem
(e.g., “Wow clothes must be that dirty. I wonder if he knows how to wash right?”).
All of these examples indicate some awareness of the duration problem.

Each response was assigned a score of 1 if an actual duration problem or an in-
correct inclusion (i.e., the participant reported a duration problem that did not ex-
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ist) was reported or a 0 if a duration problem was not reported. Two raters inde-
pendently evaluated the protocols for all critical sentences. The agreement level
between raters’ coding was 87% (x = .70, indicating substantial agreement). Dis-
agreements were settled by discussion between the raters (as in Cote, Goldman, &
Saul, 1998).

Predictions About Specific Strategies Used

There were several strategies that readers could have used when encountering du-
ration-related comprehension problems. Cote et al. (1998), Cote, Goldman, and
Saul (1999), Magliano, Trabasso, and Graesser (1999), and Trabasso and
Magliano (1996) all provided categorization guides for the types of responses
gathered from think-aloud protocols. For the purposes of Experiment 3, protocols
were categorized based on the type of reasoning demonstrated by participants us-
ing the prior research as a guide. Three general response categories were used. Pro-
tocol responses were categorized as (a) reflective statements: metacognitive, moni-
toring, or questioning statements (e.g., “Wow ... Just how I predicted it”), (b)
generative statements: explaining, elaborating, or inferencing statements (e.g.,
“Maybe Tyler was sleepy because he had no food in his stomach”), or (c) other
statements: simple paraphrase statements, nonintegrative association statements,
or unrelated statements (e.g., “I love lemonade”).

For individuals who noticed the duration-related problems, protocol informa-
tion was expected to aid in describing the types of processes used to understand du-
ration-related problems in the texts. Critical sentences that included a duration-re-
lated comprehension problem were expected to elicit more reflective and
generative statements than critical sentences that did not include potential compre-
hension problems. Two independent raters categorized all critical-sentence proto-
cols into the three response categories; agreement level between raters’ coding was
81% (x=.71).

Method

Participants. Sixty students from the University of Illinois at Chicago partic-
ipated to fulfill an introductory psychology course requirement.

Design and materials. The materials used in Experiment 3 were identical
to those of Experiment 2. The design was a 3 (duration congruency: congruent, in-
congruent short, incongruent long) x 2 (goal achievement: goal achieved, goal not
achieved) factorial. The dependent measures for Experiment 3 included the num-
ber of think-aloud statements related to the acknowledgment of duration-related
comprehension problems and the form that these statements took (e.g., reflective,
generative, or other statements).
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Each participant read a practice passage and then six experimental passages,
one from each condition, in a random order. The practice passage (a filler passage
from Experiment 2) was included to familiarize participants with the think-aloud
procedure. According to Ericsson and Simon (1993), only one practice passage is
necessary because thinking aloud is a natural process and does not require exten-
sive training. The experimental passages presented were counterbalanced across
participants to ensure that all passages were presented in each condition an equal
number of times. Note that Experiment 3 did not include filler passages and used a
smaller set of experimental passages than Experiment 2. Collecting think-aloud
data for a large number of passages was expected to fatigue participants and com-
promise the quality of data collected. Also, if a duration problem was noticed for
several passages, we felt this might artificially focus attention on the duration of
activities. There were three observations in each condition across the range of all
passages.

Procedure. Passages were presented one sentence at a time via computer us-
ing a noncumulative self-paced reading procedure. All text was displayed in black
on a white background using a 15-in. monitor. Text was presented in Times New
Roman font in a 12-point type size. Sentences were centered vertically but not hor-
izontally. Horizontal starting position was the same for each sentence
(left-aligned).

Participants were verbally instructed to read the passages for comprehension
and to report their thoughts as they read through the text. The think-aloud instruc-
tions used were adopted from Schooler et al. (1992) and Trabasso and Magliano
(1996). The experimenter was present throughout the entire experiment to ensure
that participants understood the procedure and were on task. Participants’ typed re-
sponses were recorded for every sentence they read. Reading times could not be re-
corded with the software used.

Results

Experiment 3 was a two-factor (Congruency and Goal Achievement) within-sub-
jects design. The dependent variable was the number of protocols that fit within
each awareness and strategy category. Duration-awareness levels were converted
into probability scores (i.e., the probability of noticing the duration problem) for
analysis of all target sentences.

To gauge awareness levels for comparison sentences, a one-factor within-sub-
jects ANOVA was performed to compare the awareness-probability means for the
congruent, short, and long comparison sentences. Table 5 presents participants’
awareness levels for all sentence types. The ANOVA indicated a significant main
effect of congruency, F1(2, 118) = 8.84, MSE = .651, p < .001. Pairwise compari-
sons indicated that the congruent condition was significantly different from the
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TABLE 5
Mean Probability and Standard Error of Reporting Duration Incongruency
for Sentences in Experiment 3

Congruent Short Incongruent Long Incongruent

Sentence Type M SE M SE M SE
Comparison 12 .03 22 .04 32 .04
Intervening .03 .02 .05 .02 .04 .02
Outcome

Goal achieved .07 .03 .10 .04 .10 .04

Not achieved .20 .05 25 .06 .23 .06
Wrap-up

Goal achieved .02 .02 .03 .02 .03 .02

Not achieved .02 .02 .08 .04 15 .05

Note. Goal status cannot be defined prior to reading the outcome sentence.

short and long incongruent conditions (p = .03 and p = .001, respectively). No dif-
ference was found between the short and long conditions (p > .08). This pattern of
awareness mirrors the pattern of reading-time data observed in Experiment 2. That
is, conditions that elicited longer reading times were also more likely to elicit dura-
tion awareness.

For intervening sentences, the one-factor within-subjects ANOVA indicated
that detection rates for each condition were not significantly different, F1(2, 118) <
1. The fact that there were so few awareness responses made after reading the in-
tervening sentences provides further evidence that the effects of the duration ma-
nipulation did not spillover to the sentence immediately following the comparison
sentence. Processing difficulties were localized to the comparison sentences.

To gauge awareness levels for outcome sentences, awareness-probability
means were compared using a 3 (congruency) x 2 (goal achievement) within-sub-
jects ANOVA. There was a significant main effect of goal achievement, F(1, 59) =
13.79, MSE = 1.74, p < .01. Overall, the probability of noticing duration
incongruencies for goal-not-achieved outcome sentences was .14 greater than for
goal-achieved sentences. There was no main effect of congruency on awareness,
F1(2,118) < 1. Mean probabilities were .14 for outcome sentences in the congruent
condition, .18 for outcome sentences in the short incongruent condition, and .17
for outcome sentences in the long incongruent condition. There was no interaction
between congruency and goal achievement, F1(2, 118) =2.36, p = .10, ns.

The outcome + 1 sentences (wrap-up sentences) were also analyzed using a 3
(congruency) x 2 (goal achievement) within-subjects ANOVA. There was a signif-
icant main effect of congruency, F(2, 118) = 3.16, p < .05. Mean probabilities of
noticing duration incongruency were .02, .06, and .09 for the congruent, short in-
congruent, and long incongruent comparison sentences, respectively (only the dif-
ference between the long incongruent condition and the congruent condition
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reached statistical significance, p = .01). This overall pattern of awareness mirrors
the results obtained in the comparison-sentence analyses, albeit at a greatly re-
duced level. There was also a significant main effect of goal achievement, F(1, 59)
=6.86, p < .05. Participants were more likely to notice a problem when goals were
not achieved. No evidence was obtained for an interaction of congruency by goal
achievement, F(2, 118) =2.37, p = .1, ns.

The second set of hypotheses for Experiment 3 contained predictions regarding
how readers might attempt to deal with duration-related problems. Sentences con-
taining a duration problem were expected to elicit more reflective and generative
think-aloud comments from participants than sentences that did not contain a dura-
tion problem. To evaluate this prediction, the frequency of reflective, generative,
and other comments were examined for the critical comparison sentences.

Table 6 provides the total number of reflective, generative, and other strategies
for congruent, short incongruent, and long incongruent sentences. The distribution
of strategies across different target sentence types could not be evaluated using an
ANOVA because detection and nondetection of duration problems cannot be di-
rectly compared across congruency conditions. Specifically, because there are no
duration problems in congruent passages, participants could only incorrectly re-
port (incorrect inclusion) or correctly not report (correct omission) duration prob-
lems. In contrast, in the two incongruent conditions there are duration problems in
every passage; therefore, participants only could incorrectly not report (incorrect
omission) or correctly report (correct inclusion) duration problems. Nonetheless,
the distribution of strategies for comparison and outcome sentences provides use-
ful information.

TABLE 6
Frequency of Protocol Strategies Used in Experiment 3 for Comparison
Sentences That Report a Duration Incongruency (Correct Inclusion,
Incorrect Inclusion) or Do Not (Correct Omission, Incorrect Omission)

Reflective Generative Other

Congruent

Incorrect inclusion 5 4 5

Correct omission 33 30 42

Total 38 34 47
Short incongruent

Correct inclusion 10 8 8

Incorrect omission 31 23 40

Total 41 31 48
Long incongruent

Correct inclusion 10 16 14

Incorrect omission 19 27 34

Total 29 43 48

Total 108 108 143
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Three outcomes are worth emphasizing. First, the total number of reflective and
generative comments elicited was the same for congruent, short incongruent, and
long incongruent sentences (72 for each condition). Second, the total number of
adaptive strategies (sum of reflective and generative strategies across conditions =
216) exceeded the number of nonadaptive strategies (sum of other strategies across
conditions = 143). One simple interpretation of this outcome is that readers tried to
make sense of the passages, and adaptive comments reflect this process. Third,
converting strategy counts into proportions (recall that reporting opportunities are
unequal between noticing and not noticing duration problems) revealed that a
greater proportion of adaptive strategies were reported when duration problems
were noticed (44/66) than when they went unnoticed (100/174), .67 and .57, re-
spectively.

Discussion

Experiment 3 provided an evaluation of participants’ duration-awareness levels us-
ing a think-aloud procedure. As expected, readers reported having some awareness
of duration incongruencies. The percentage of individuals that noticed duration
incongruencies was 27%, slightly less than the 36% originally reported by Rinck et
al. (2003). This is not surprising considering differences in the materials used. The
duration incongruencies used in Rinck et al.’s experiment explicitly mentioned
time terms, which highlights the temporal inconsistencies. The 27% awareness
level reported in our Experiment 3 can be attributed to the implicit nature of the du-
ration manipulations.

The awareness results from Experiment 3 suggest the need to explore what is
driving the reading-time results obtained in Experiment 2. Specifically, are the
reading-time differences from Experiment 2 produced by only 27% of the partici-
pants? To examine this issue, reading times for congruent sentences were com-
pared to the average reading time of incongruent sentences for each subject. To be
complete, this analysis was also conducted for Experiment 1. Analyses indicated
that more than two thirds of the participants displayed the expected pattern of re-
sults in each experiment (i.e., longer reading times for incongruent sentences).
This indicates that reading time reflects differences not present in self-reports. The
duration-awareness level obtained in Experiment 3 (27%) underestimates differ-
ences in reading behavior.

A main effect of goal was observed in the awareness levels for outcome sen-
tences. Participants were more likely to report a duration problem if the goal was
not achieved than if it was achieved. One interpretation of this result is that when
the goal was not achieved, the additional decrement in coherence in the
intentionality dimension highlighted awareness of duration problems encountered
earlier in the text. Zwaan, Radvansky, Hilliard, and Curiel (1998) provided empiri-
cal evidence to support this interpretation. Zwaan et al. found that when coherence
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breaks were introduced in more than one dimension, these breaks affected situa-
tion-change judgments more so than when only one dimension was manipulated.

Examination of the strategies used by participants tentatively suggested that
participants were more likely to produce reflective or generative comments if they
noticed the duration incongruency. Reflective and generative comments were con-
sidered to be adaptive and aid comprehension. This supports the conclusion that
readers who noticed duration problems were attempting to integrate that informa-
tion with their developing representations of the text.

Experiment 3 mirrors many of the important results obtained in Experiment 2
but provides an important result that did not occur in Experiment 2. Recall that in
Experiment 2, there was no interaction between duration congruency and goal
achievement. In Experiment 3, however, participants did make comments about
duration problems when reading goal sentences, and the number of duration prob-
lems reported was larger when the goal was not achieved than when the goal was
achieved. This provides additional evidence that readers represent duration and
that this information was accessible after the duration problem was first encoun-
tered. The lack of interaction in Experiment 2 could be attributed to the nature of
the experiment. The implicit duration manipulation might not have been strong
enough to force individuals to reinterpret the goal in terms of duration; therefore,
there was little or no increase in reading time. Experiment 3, which used a qualita-
tive method, allowed readers to comment on potential problems even if the prob-
lems were not large enough to force a reinterpretation.

In summary, Experiment 3 demonstrated that readers report awareness of im-
plicit duration incongruencies 27% of the time. The overall prediction that
incongruency would lead to a larger proportion of reflective statements (i.e.,
metacognitive, monitoring, questioning) and generative statements (i.e., elabora-
tive, explanatory, inferencing) was not supported. However, inspection of the data
tentatively suggests that incongruency led to an increase in the use of reflective and
generative statements for comparison sentences if the incongruency was noticed.
A small proportion of readers also reported duration problems while reading out-
come sentences, suggesting that the representation of duration extends beyond the
comparison sentence.

GENERAL DISCUSSION

The research presented here was designed to accomplish two goals. First, we
wanted to provide evidence that a specific and fundamental aspect of time (i.e., du-
ration) was included in online situation-model construction. Second, we wanted to
develop a methodology (i.e., Experiment 2) that could be used to test future dura-
tion-related hypotheses involving other dimensions of time, such as temporal order
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and perspective. These senses of time are based on how duration is processed and
represented; therefore, duration needs to be considered before exploring them.

The experiments provide evidence that readers routinely include duration infor-
mation when building a situation model. Experiment 1 demonstrated that readers
were sensitive to (i.e., had difficulty reading) inconsistent duration terms used to
describe common events. Experiment 2 demonstrated that readers monitored the
duration of events and used this information (i.e., compared event durations) even
though duration terms were never explicitly mentioned. The results of Experiment
2 cannot be explained as a simple mismatch of duration information derived from
the textbase because the sentences do not provide explicit duration information.
Experiment 3 demonstrated that readers noticed implicit duration incongruencies
27% of the time and that these incongruencies were more likely to produce reflec-
tive or generative statements when noticed. Overall, the pattern of results supports
the hypotheses that duration information is monitored by readers and may be an
important element of the temporal dimension of the situation model.

The experimental approach used here has benefits over existing research.
Nearly all of the studies cited as evidence that readers represent time rely on the
use of time-shift manipulation statements such as a moment later, an hour latter, or
aweek later (Scott Rich & Taylor, 2000; Zwaan et al., 1998). These time shifts sig-
nal the need to construct a new situation model or substantially update the existing
model and explicitly force the reader to evaluate time information. Consequently,
these studies do not provide direct evidence that readers represent the temporal as-
pects of text when the construction of a new model is not required or cued. In con-
trast, these three experiments manipulated time within the development of a single
situation model and provided evidence that readers monitor time (online) without
the use of specific time-shift statements.

The experiments presented here extend our understanding of the role of time in
text comprehension and situation-model development. Duration was identified as
a fundamental aspect of time and, to our knowledge, was examined explicitly for
the first time here. We have shown that readers noticed explicit and implicit incon-
sistent characterizations of event durations and that these inconsistencies caused
comprehension problems. Identifying which aspects of time are important to read-
ing comprehension will help bring us closer to understanding the complexities in-
volved in reading.
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APPENDIX

The following are sample passages for each condition in Experiment 2 demonstrat-
ing the two conditions: Congruency and Goal Achievement. (Target sentences are
italicized.)

(1) Temporally Congruent (comparison activity is appropriate length) / Goal is
Achieved

Brian got up late on Saturday. It had been a hard week working in the office
and he worked until 11:00 on Friday night. Today Brian had tentative plans
to do some work around the house and watch one of his favorite TV shows.
Brian turned on the TV and noticed that another whole show was playing be-
fore his favorite would be on. Brian went into the bathroom and cleaned the
sink and tub. He was pleased he was taking initiative. When Brian came back
he sat down and enjoyed his show. Brian recalled that his friend Lisa was
also a big fan of the show. Brian decided he would call up Lisa and chat.

Comprehension Questions (true or false)

1. Brian got up late.
2. Brian wanted to talk to Lisa about the show.
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(2) Temporally Incongruent (comparison activity is too short) / Goal is Achieved

Brian got up late on Saturday. It had been a hard week working in the office
and he worked until 11:00 on Friday night. Today, Brian had tentative plans
to do some work around the house and watch one of his favorite TV shows.
Brian turned on the TV and noticed that another whole show was playing be-
fore his favorite would be on. Brian went into the bathroom and emptied the
garbage can. He was pleased he was taking initiative. When Brian came
back he sat down and enjoyed his show. Brian recalled that his friend Lisa
was also a big fan of the show. Brian decided he would call up Lisa and chat.

Comprehension Questions (true or false)

1. Brian got up late.
2. Brian wanted to talk to Lisa about the show.

(3) Temporally Incongruent (comparison activity is too long)/ Goal is Achieved

Brian got up late on Saturday. It had been a hard week working in the office
and he worked until 11:00 on Friday night. Today, Brian had tentative plans
to do some work around the house and watch one of his favorite TV shows.
Brian turned on the TV and noticed that another whole show was playing be-
fore his favorite would be on. Brian went into the bathroom and painted all
of the walls. He was pleased he was taking initiative. When Brian came back
he sat down and enjoyed his show. Brian recalled that his friend Lisa was
also a big fan of the show. Brian decided he would call up Lisa and chat.

Comprehension Questions (true or false)

1. Brian got up late.
2. Brian wanted to talk to Lisa about the show.

(4) Temporally Congruent (comparison activity is appropriate length)/ Goal is
Not Achieved

Brian got up late on Saturday. It had been a hard week working in the office
and he worked until 11:00 on Friday night. Today Brian had tentative plans
to do some work around the house and watch one of his favorite TV shows.
Brian turned on the TV and noticed that another whole show was playing be-
fore his favorite would be on. Brian went into the bathroom and cleaned the
sink and tub. He was pleased he was taking initiative. When Brian came back
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he discovered he had missed his show. Brian recalled that his friend Lisa was
also a big fan of the show. Brian decided he would call up Lisa and chat.

Comprehension Questions (true or false)

1. Brian got up late.
2. Brian wanted to talk to Lisa about the show.

(5) Temporally Incongruent (comparison activity is too short)/ Goal is Not
Achieved

Brian got up late on Saturday. It had been a hard week working in the office
and he worked until 11:00 on Friday night. Today, Brian had tentative plans
to do some work around the house and watch one of his favorite TV shows.
Brian turned on the TV and noticed that another whole show was playing be-
fore his favorite would be on. Brian went into the bathroom and emptied the
garbage can. He was pleased he was taking initiative. When Brian came
back he discovered he had missed his show. Brian recalled that his friend
Lisa was also a big fan of the show. Brian decided he would call up Lisa and
chat.

Comprehension Questions (true or false)

1. Brian got up late.
2. Brian wanted to talk to Lisa about the show.

(6) Temporally Incongruent (comparison activity is too long)/ Goal is Not
Achieved

Brian got up late on Saturday. It had been a hard week working in the office
and he worked until 11:00 on Friday night. Today, Brian had tentative plans
to do some work around the house and watch one of his favorite TV shows.
Brian turned on the TV and noticed that another whole show was playing be-
fore his favorite would be on. Brian went into the bathroom and painted all
of the walls. He was pleased he was taking initiative. When Brian came back
he discovered he had missed his show. Brian recalled that his friend Lisa was
also a big fan of the show. Brian decided he would call up Lisa and chat.

Comprehension Questions (true or false)

1. Brian got up late.
2. Brian wanted to talk to Lisa about the show.



