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Abstract When reading narratives, adults monitor shifts in
time, space, characters, goals, and causation. Shifts in any of
these dimensions affect both moment-by-moment reading and
memory organization. The extant developmental literature
suggests that middle school children have relatively sophis-
ticated understandings of each of these dimensions but does
not indicate whether they spontaneously monitor these

dimensions during reading experiences. In four experiments,
we examined the processing of event shifts by adults and
children, using both an explicit verb-clustering task and a
reading time task. The results indicate that middle school
children’s and adults’ post-reading memory is organized using
these dimensions but that children do not monitor dimensions
during moment-by-moment reading in the same manner as
adults. These differences were not a function of differentially
difficult texts for children and adults, or between-group
differences. The findings have implications for models of
adult and child text processing and for understanding child-
ren’s developing narrative comprehension.
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When beginning a work of fiction, readers have the
opportunity to become familiar with characters, settings, and
events as carried forward by story plot. Sometimes those plots
set up situations that are fairly consistent and coherent: a small
number of characters interact in a restricted set of locations,
and events occur in a clear, causal sequence. But stories are
not usually so straightforward; they often include time shifts,
surprising character behaviors, and plot twists. Rather than
dissuading readers, books with such complexities (including
the well-read adventures of Tom Sawyer, Harry Potter, and
Encyclopedia Brown) draw readers to them.

Comprehending these stories requires that readers
carefully monitor the ways in which events play out,
indexing what has and has not changed over the course of
the narrative (Zwaan & Radvansky, 1998). The goal of the
present study was to examine these monitoring processes
and to assess similarities and differences in these processes
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between adults and children. We also examined whether
any developmental trends in monitoring might be a function
of skill-based or resource-driven influences or, perhaps,
simply age-appropriate text difficulty. We begin with a brief
review of the adult literature on readers’ monitoring of text
dimensions, followed by the relevant children’s literature.
These literatures frame the theoretical approaches and
questions that guided our investigations of readers’ moni-
toring propensities and the resulting consequences for
comprehension. Comparing the literatures also highlights
the need for identifying developmental patterns of moni-
toring during comprehension.

Dimension monitoring among adults

Models of adult reading have focused on the types of
mental representations that are encoded and applied in the
service of comprehension. One classic account, the tri-
partite theory of comprehension (Kintsch & van Dijk,
1978), identifies three levels of representations readers
might build. The most superficial is the surface level, which
encodes the exact words in a text. At the intermediary level
is the textbase, representing the basic idea units conveyed
in the text. Finally, at the deepest level is the situation
model, which contains information described by the text
but not necessarily contained within it, including inferences
and explanations (Fletcher, 1994; Johnson-Laird, 1983;
Kintsch & van Dijk, 1978; Zwaan, 1999). Situation model
representations are most associated with successful com-
prehension, since they require that readers make connec-
tions between information across the text (and outside of it)
to build a holistic and coherent understanding of the
material (Zwaan, 1999; Zwaan & Radvansky, 1998).
Although readers can encode a variety of text features into
situation models, the most crucial features for comprehen-
sion have been outlined in the event-indexing model:
Readers attempt to index time, space, characters, goals,
and the causal sequences of events. These dimensions are
monitored during moment-by-moment reading and have
consequences for the organization of reader memory
(Zwaan, Langston, & Graesser, 1995; Zwaan, Magliano,
& Graesser, 1995).

A processing model of these activities has emerged
through the incorporation of the event-indexing model with
Gernsbacher’s (1990) structure-building framework (Zwaan
& Radvansky, 1998). According to the framework, readers
encode mental representations of events as they are
described in texts. When new information is consistent
with a reader’s current representation, the information is
integrated into the unfolding situation model. In contrast,
inconsistent events necessitate the encoding of new model
substructures, and these new substructures make previous

events less accessible in memory (Gernsbacher, 1997). The
general process of building text structures can accommo-
date monitoring of the dimensions described in the event-
indexing model. For example, as a reader encodes
information about the setting of a text, changes in setting
lead to new memory representations, with a concomitant
change in the ease with which readers can retrieve earlier
setting information from memory (Radvansky, Zwaan,
Federico, & Franklin, 1998; Rapp & Taylor, 2004; Wilson,
Rinck, McNamara, Bower, & Morrow, 1993; Zwaan,
1996). Any discontinuity then, as exemplified by shifts in
the five dimensions, leads to a decrease in accessibility.

Evidence for the processing effects of discontinuities has
been obtained with analyses of memory organization and
moment-by-moment reading. For the former, post-reading
clustering of events is a direct function of dimension-based
continuities (Zwaan, Langston, & Graesser, 1995). When
asked to group verbs from previously read narratives into
related pairings, readers are more likely to pair verbs that
are continuous on a dimension (e.g., verbs representing
events occurring in the same spatial location) than verbs
that are discontinuous. These effects emerge even when
surface-level text factors (e.g., number of intervening words
between verbs) are taken into account.

With respect to moment-by-moment reading, adult read-
ers exhibit slowdowns when they encounter event shifts
(Zwaan, Magliano, & Graesser, 1995; Zwaan, Radvansky,
Hilliard, & Curiel, 1998). Memory for words from
preceding events also decreases as a function of dimension
shifts. For example, participants have more difficulty
recognizing words from sentences describing earlier story
events when they follow long shifts (e.g., an hour later), as
compared with short shifts (e.g., a minute later). These
processing decrements increase when multiple shifts occur
simultaneously, as exemplified by longer reading times and
retrieval latencies (Radvansky et al., 1998; Rapp & Taylor,
2004; Zwaan, 1996). This has highlighted the importance
of examining readers’ monitoring of multiple dimensions
simultaneously, since dimensions are often causally linked
in narratives (see also Jahn, 2004; Sundermeier & van den
Broek, 2005; Taylor & Tversky, 1997).

As mentioned previously, work on the event-indexing
model has focused almost exclusively on adults’ propensi-
ties for, and the consequences of, monitoring narrative
dimensions. The descriptive and explanatory power of the
model, though, has not yet been extended to the investiga-
tion of children’s comprehension.

Comparisons with dimension monitoring among children

One way to contextualize developmental accounts is to
evaluate the similarities between adult and child findings.
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Recall that adult findings describe how information from a
text is encoded, the ease or difficulty of integrating that
information, and how new events lead to new representa-
tional substructures. Analogously, developmental theories
have examined how children encode and integrate new
information into their current representations (Oakhill, 1994;
van den Broek, 1997). Children can modify new informa-
tion to fit into their current representation (assimilation) or
revise existing representations and create new representa-
tions (accommodation) (Oakhill, 1994; Piaget & Inhelder,
2000; van den Broek, 1997) by activating related under-
standings to form connections between new information
and prior knowledge (MacWhinney, Leinbach, Taraban, &
McDonald, 1989; Pascual-Leone, 1970, 2000).

Another critical similarity is that the dimensions of
interest in adult comprehension are identical to those in
accounts of children’s comprehension. For example, some
neo-Piagetian accounts describe how children develop in
their understandings of fundamental conceptual domains,
including number (which includes time), space (which
includes object relations and spatial layouts), and narrative
understanding (which includes distinguishing characters,
understanding causal sequences of events, and inferring how
character goals may have consequences for the plot) (Case,
Demetriou, Platsidou, & Kazi, 2001; Case, Okamoto,
Griffin, McKeough, Bleiker, Henderson, & Keating,
1996). This literature documents that, by early middle
school, children have sophisticated understandings of each
of these dimensions and how they interact.

An important concern for developmental accounts
involves understanding influences on any developmental
changes and trends. Information-processing theorists argue
that working memory is a primary constraint on develop-
ment (Gathercole, Pickering, Ambridge, & Wearing, 2004;
Swanson, 2008; Zelazo, 2004). Working memory encom-
passes the resources recruited in the service of comprehension
and that are utilized, for example, to combine information in
the text with prior knowledge. Working memory has a limited
capacity that increases throughout childhood and adoles-
cence (Conklin, Luciana, Hooper, & Yarger, 2007; Luciana,
Conklin, Hooper, & Yarger, 2005; Miller, 1956; Swanson,
2008), which could play a role in children’s ability to
monitor multiple narrative dimensions.

A key process that is important for the growth of
working memory as it relates to success in comprehension
is the development of automaticity in monitoring text
features (Samuels, 1987; Tronsky, 2005; Vadasy & Sanders,
2008). Tasks require less strategic attention (and fewer
cognitive resources) as they become more practiced
(Siegler & Alibali, 2005; Tronsky, 2005). With develop-
ment, children become more efficient with certain tasks
(such as basic reading skills, including decoding), which
frees up cognitive resources for tasks such as dimension

monitoring (Duke, Pressley, & Hilden, 2004; Kuhn &
Stahl, 2003). Therefore, children’s automaticity in reading
comprehension could play a critical role in “releasing”
mental resources for dimension monitoring.

The present study

The adult literature indicates that readers monitor narrative
dimensions during reading, meaning that (1) they process
shifts in each dimension and (2) these shifts influence the
organization and accessibility of text information in
memory (Zwaan, Langston, & Graesser, 1995; Zwaan,
Magliano, & Graesser, 1995). In contrast, the child
literature has rather generally focused on the notion that,
by late elementary school, children have sophisticated
understandings of narrative dimensions (Case et al.,
1996). Although these results indicate that event dimen-
sions are relevant to both adults and children, they do not
specify the degree to which children monitor dimensions
during reading.

Because we were precisely interested in the degree to
which children monitor dimensions (i.e., whether they
utilize the information that they have been shown to
understand), we examined early middle school children
who, presumably, had relatively sophisticated understand-
ings of each dimension (and might engage in spontaneous
monitoring behavior). On the basis of research examining
the development of children’s understandings of dimen-
sions, one hypothesis is that middle school children encode
event shifts and monitor dimensions in a manner similar to
that of adults. However, limitations such as those associated
with developing working memory suggest that middle
school children might not monitor dimensions in the same
way as adults.

Middle school students represent a crucial starting point
for investigating children’s monitoring behaviors because
they are in the midst of an important transition: They are
now regularly being asked to apply their knowledge of
how to read (phonemic awareness, alphabetic principles,
decoding) to learn from texts as provided in their content
area classes (Chall, 1983; Hagaman & Reid, 2008). As a
practical matter, this age is also important to study on the
basis of recent calls for research on how adolescent readers
differ from elementary school readers (Jacobs, 2008) and
how comprehension difficulties (despite successful decod-
ing) pose problems for middle school children (Underwood
& Pearson, 2004; Williams, 2005). Indeed, some middle
school children struggle with comprehension skills in
addition to decoding and vocabulary (Cromley & Azevedo,
2007; Rasinski, Padak, McKeon, Krug-Wilfong, Friedauer,
& Heim, 2005), which could affect whether students
monitor dimensions. In addition, because reading is a
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resource-intensive activity and because younger readers are
still building expertise with respect to resource allocation
(both strategic and automatic), early middle school children
might not monitor narrative dimensions to the same degree
as adults, despite possessing an understanding of the
properties of these dimensions.

To obtain a better picture of monitoring behaviors, the
present project examined children’s and adults’ post-reading
comprehension products and their moment-by-moment read-
ing. This multi-method analysis is important, since monitor-
ing behaviors might be exerted both during and after reading.
Because any propensity to monitor dimensions might be
affected by skill-based and resource-driven factors, we also
evaluated the influence of reading ability and working
memory on comprehension behaviors. In Experiment 1, we
examined adults’ and children’s dimension monitoring as
measured through a post-reading verb-clustering task. In
Experiment 2, we examined their reading latencies for texts
containing dimension continuities and discontinuities. In
Experiment 3, we examined whether the results might be due
to the relative difficulty of texts as a function of age. In
Experiment 4, we utilized a within-subjects design to further
confirm the findings obtained in Experiments 1 and 2.

Experiment 1

The goal of this experiment was to assess whether child-
ren’s memory for narratives, like adults’ memory, is
structured around the continuity of narrative dimensions.
Adult and child participants read narratives and, afterward,
grouped verbs from each story into related pairings. Each
possible pairing was scored for how often the pairings were
made by participants. These scores, which have been used
in previous research, provide an index of how related the
two verbs are in the text and, thus, the strength of a reader’s
long-term memory connection between the two verbs
(Britton & Gulgoz, 1991; McNamara, Kintsch, Songer, &
Kintsch, 1996; Zwaan & Brown, 1996; Zwaan, Langston,
& Graesser, 1995). These pairings can also reflect the level
of representation at which the verbs are related. For
example, if verbs are paired because they are in the same
sentence, this could reflect a surface-level representation. If
verbs are paired because they represent events that occurred
in the same spatial setting, this could indicate that the
spatial dimension at the situation model level was involved
in linking the two events in memory.

We hypothesized that both adults and children would
pair verbs that represent continuities across dimensions,
consistent with previous work with adults (Zwaan,
Langston, & Graesser, 1995) and consistent with the
notion that middle school children’s sophisticated under-
standings of narrative dimensions might extend to their

reading experiences (Case et al., 2001, 1996; van den
Broek, 1997). An alternative hypothesis might suggest that
children must expend more cognitive resources on basic
reading tasks, such as decoding, because these skills require
strategic attention (e.g., Duke et al., 2004; Kuhn & Stahl,
2003). This would reduce the resources available for
children to monitor dimension changes, thus influencing
the likelihood that they would pair verbs representing
dimension continuity.

Because the latter hypothesis relies on considerations of
working memory and reading fluency, we measured those
constructs in the children to examine their impact on verb
clustering. Even if children perform similarly to adults, it is
worth considering whether individual differences in work-
ing memory or fluency predict the proficiency with which
children monitor dimensions in the service of comprehen-
sion (Siegler & Alibali, 2005; Swanson, 2008).

Method

Participants

Eighty-two adults and 47 twelve-year-olds (mean age =
12.67 years, SD = 0.39) participated in this experiment. All
were native English speakers. The children’s data were part
of a larger longitudinal study examining the development of
comprehension skills across different media.

Materials

Texts Each participant read four stories from Zwaan,
Langston and Graesser (1995); these stories have also been
studied in other projects (Graesser, 1981; Graesser & Clark,
1985). Each story was approximately 100 words long, with
an average Flesch–Kincaid grade level of 4.12. The stories
were “The Czar and His Daughters,” which was about
heroes saving a Czar’s daughters from a dragon; “The Boy
and His Dog,” which was about a dog returning to his
owner after chasing a rabbit and fox; “John at Leone’s,”
which was about a man paying a restaurant bill; and “The
Ant and the Dove,” which was about an ant saving a dove
from a bird catcher.

Ten unique verbs were selected from each story. Two
trained coders rated every possible pairing of the 10 verbs
(a total of 45 pairs per story) for continuity in each event-
indexing dimension (1 = shift, 0 = no shift), the number of
words intervening between the verbs (surface distance),
whether the words appeared in the same sentence (surface
connections; coded as 1 = yes, 0 = no), and whether they
shared an argument (a noun, pronoun, or noun phrase;
argument overlap, coded as 1 = yes, 0 = no). Interrater
agreement was high: .84 < ks < 1.00.
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To determine whether the dimension shifts were
related in the stories, categorical pairwise correlations
were calculated between all dimensions. Shifts in time
were correlated with shifts in space (f = .44, p < .001),
characters (f = .22, p < .01), causation (f = .53, p < .001),
and goals (f = .47, p < .001). Shifts in space were
correlated with shifts in characters (f = .26, p < .01),
causation (f = .55, p < .001), and goals (f = .50, p < .001).
Shifts in characters were correlated with shifts in causation
(f = .18, p < .05) and goals (f = .20, p < .01). Finally,
shifts in causation were correlated with shifts in goals (f =
.57, p < .001).

In addition, we asked 20 adults to pair the verbs without
reading the narratives. These pairings provided an index of
the likelihood that verbs would be paired on the basis of
general lexical knowledge, rather than story comprehension
(Zwaan, Langston, & Graesser, 1995), and were used as a
control in our examination of participant performance.

Fluency The children completed a curriculum-based mea-
surement task to assess oral reading fluency (Deno, 1985).
Children were asked to read aloud three texts for 1 min per
text. The sum of the total number of words read correctly
was calculated. Words that the children did not read
correctly, including omissions, insertions, hesitations of
more than 3 s, mispronunciations, and substitutions, were
subtracted from the sum. The reliability and validity of this
measure are well supported (Marston, 1989). The task took
5 min to complete.

Working memory The children completed the sentence span
task of working memory, adapted by Swanson, Cochran
and Ewers (1989) from an original task by Daneman and
Carpenter (1980). In the task, the experimenter reads a set
of sentences aloud, and each participant responds to a
comprehension question about the sentences. The partici-
pant is then asked to recall the last word of each sentence in
the order originally presented. Participants begin with
smaller sets of sentences (two sets of two sentences each)
and proceed sequentially to larger sets (two sets of five
sentences each). A participant’s final score is calculated as
the total number of words correctly recalled in the sets for
which the comprehension question was answered correctly
(i.e., Friedman & Miyake, 2005). This task took 10–15 min
to complete.

Procedure

All participants were tested individually. Children complet-
ed the sentence span task, followed by the fluency task.
(Neither of these tasks were completed by the adult
participants.) Following the tasks or, in the case of the

adult participants at the beginning of the experiment,
participants received a booklet with the four stories to read
at their own pace. After reading each story, each participant
received a list of 10 verbs from the story and a column of
seven boxes. In each box, participants were asked to write
two verbs that they thought belonged together, with no
further explanation to guide their pairings. The pairing task
took about 20 min to complete.

Results

A challenge for previous research with verb pairing
methodologies is that the units of analysis are often
aggregated verb pairs, which ignores participant variation.
Here, hierarchical generalized linear modeling (HGLM)
was used to account for the multi-level structure of the verb
pairings nested within participants, which reduces both
aggregation bias and misestimation of the standard errors
(Richter, 2006). The dependent variable was whether each
participant matched each possible pair of verbs. Because
this is a dichotomous variable (e.g., participants did or did
not make each possible pairing), the dependent variable
was transformed to fit a Bernoulli distribution with a logit-
link function (Raudenbush & Bryk, 2002), making the
dependent variable the log-odds likelihood of providing
each pairing. For example, a log-odds coefficient of .67 for
surface connections would mean that the verbs are .67 (log)
times more likely to be paired if they are in the same
sentence than if they are not. A log-odds coefficient of -.67
for surface connections would mean that the verbs are .67
(log) times less likely to be paired if they are in the same
sentence than if they are not.

The predictor variables were the control variables
(surface distance, surface connections, argument overlap,
and lexical knowledge) and the text dimensions (shifts in
each of the five dimensions). For the children, fluency and
working memory were added to the models. Because of the
large number of parameters, an alpha level of α = .01 was
used for all tests. The penalized quasi-likelihood method
was used (Raudenbush & Bryk, 2002). Finally, the adult
and child data were modeled separately to assess qualitative
differences in dimension monitoring.

The steps in the models involved first creating an
unconditional model to check whether there was enough
variation in the data to warrant further modeling. The next
step was to examine the predictive influence of the control
variables on verb pairings. Next, the dimensions were
added to the model to assess their influence over and above
the control variables. Finally, for the children only, the
working memory and fluency variables were added to the
model to assess their unique contributions to verb pairings
over and above the other variables.
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Verb-clustering scores To assess the variation, uncondition-
al models were estimated. Among the adults, the average
log-odds of making a verb pairing was bg00 ¼ �1:82, SE =
0.01, p < .001. Among the children, the average log-odds of
making a pairing was bg00 ¼ �1:73, SE = 0.01, p < .001.
This result indicated that there was variability, thus
justifying further modeling.

To assess whether the text controls predicted pairings,
we added the control variables to the level-1 models.
Among the adults, all of the controls predicted pairings
(ps < .001). Adults were more likely to pair verbs that had
fewer intervening words (surface distance), bg10 ¼ �0:02,
SE = 0.002, p < .001, were in the same sentence (surface
connections), bg20 ¼ 1:29, SE = 0.11, p < .001, shared
argument overlap, bg30 ¼ 0:46, SE = 0.05, p < .001, and
were consistent with general lexical knowledge,
bg40 ¼ 0:92, SE = 0.13, p < .001. Children were also more
likely to pair verbs that had fewer intervening words,
bg10 ¼ �0:02, SE = 0.003, p < .001, occurred in the same
sentence bg20 ¼ 0:95, SE = 0.14, p < .001, shared argument
overlap, bg30 ¼ 0:39, SE = 0.05, p < .001, and were
consistent with general lexical knowledge, bg40 ¼ 1:12,
SE = 0.16, p < .001.

To assess whether shifts in each dimension predicted
pairings over and above the control variables, the five
dimensions were added to the level-1 models (see Table 1
for the results). Among the adults, verbs that took place
within a continuous event were more likely to be paired
than were verbs that were separated by a shift, for each of
the five dimensions (ps < .001). Similarly, among the
children, verbs that took place within a continuous event
were more likely to be paired than were verbs that were
separated by shifts in time, characters, causation, and
goals (ps < .01), but not space (although space was in the
same direction, p = .09). In order to directly address
potential differences between the adults and children in
dimension monitoring, t-tests were run comparing the
coefficients of the adults versus children for each
dimension. The only significant difference was that adults
were more likely than children to monitor changes in
space, t(125) = 2.63, p < .01, d = 0.48. None of the other
effects were significant, (ts < 1.66).

Finally, fluency and working memory were added to the
level-2 model for the children only. The average score for
the fluency task was M = 184.28 (SD = 39.66) words. The
average score for the working memory task was M = 20.16
(SD = 3.83) words. Fluency and working memory did not
predict verb pairings as main effects. However, because
they were added as level-2 variables, we tested whether they
had cross-level interactions with any of the other level-1
predictors. Such interactions would indicate that a level-2
variable either strengthens or weakens the effect of a level-1
variable on the verb pairing scores. There was one

statistically significant interaction (at an alpha level set to
.01): The higher a child’s reading fluency, the less of an
effect argument overlap had on verb pairings, bg31 ¼ �:01, p
< .001 (see Table 1 for the results).

Discussion

The adult data replicated Zwaan, Langston and Graesser’s
(1995) findings that adults are more likely to pair verbs
associated with continuous, as compared with discontinu-
ous, events along the dimensions of time, space, characters,
goals, and causation. The results also supported the
hypothesis that children’s pairings show a similar pattern:
Continuity in all of the dimensions except space predicted
verb pairings. We note, though, that the pattern of data for
space was in the same direction as the other dimensions.

These data support the view that middle school children
have relatively sophisticated understandings of each dimen-
sion (Case et al., 2001, 1996; van den Broek, 1997).
Narrative dimensions influence readers’ memory organiza-
tion for narratives, even in the previously untested case of
younger readers. Additionally, fluency and working memory
did not show any main effects on verb pairings. However,
lower fluency resulted in children relying more on argument
overlap. Since children with lower fluency skills tend to be
less automatic and proficient with basic reading skills, such
as decoding (Wood, 2006), it makes sense that they would be
more likely to rely on surface-level characteristics when
making verb pairings and that such reliance could lead to a
decreased influence of dimensions.

Experiment 1 focused on post-reading memory organi-
zation. However, examining both moment-by-moment
comprehension processes and post-reading memory is
crucial for obtaining a complete picture of how dimension
monitoring develops (Magliano & Graesser, 1991; Rapp,
van den Broek, McMaster, Kendeou, & Espin, 2007;
Zwaan & Rapp, 2006). Although children’s memory
organization showed patterns similar to adults’, there is no
a priori reason to expect that the processes by which such
organizations are shaped are necessarily identical.

Experiment 2

The goal of Experiment 2 was to assess whether children
monitor narrative dimensions in a manner similar to that of
adults during moment-by-moment reading. Adults and
children read narratives, and their reading times were
recorded (similar to the work of Lorch & Myers, 1990).
Previous studies have demonstrated that adult reading times
increase following dimension shifts (Zwaan, Magliano, &
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Graesser, 1995; Zwaan et al., 1998). We expected to
replicate this work, and hypothesized that shifts in the
dimensions of time, space, characters, goals, and causation
would predict increases in reading times. On the basis of the
previous experiment, we predicted that 12-year-olds should
have relatively sophisticated understandings of the various
dimensions (Case et al., 1996). If these understandings
influence online reading activity, their reading times should
increase when a dimension shift occurs.

However, moment-by-moment reading is likely to be
influenced by reading skill and reading strategies (Siegler &

Alibali, 2005). In fact, children can continue to struggle with
comprehension skills well into adolescence and adulthood
(Cromley & Azevedo, 2007; Duke et al., 2004). This may lead
to a focus on lower-level reading tasks (e.g., decoding and
identification of words), with less attention to the moment-
by-moment monitoring of multiple dimensions simultaneously.
Likewise, children’s knowledge of narrative dimensions may
not be as well practiced or refined as adults’, which might
contribute to a failure to encode dimension shifts.

As in Experiment 1, we included a measure of working
memory—but this time, for both adults and children. This

Table 1 Experiment 1: Summary of HGLM analyses for variables predicting verb pairings

Controls + Dimensions Controls, Dimensions, WM, Fluency

Adults Children Children Only

Coef. SE Coef. SE Coef. SE

Fixed effects

Intercept, γ00 −0.62*** .09 −.64*** .13 −1.53* .75

Fluency, γ01 .003 .003

WM,γ02 .02 .04

Surface dist., γ10 −.002 .001 −.003 .002 .001 .01

Fluency, γ11 −.00004 .00004

WM,γ12 .0001 .0004

Surf. conn., γ20 .67*** .11 .40** .14 −.86 1.01

Fluency, γ21 −.001 .01

WM,γ22 .08 .04

Arg. overlap, γ30 −.04 .07 .03 .07 .88** .29

Fluency, γ31 −.01*** .001

WM, γ32 .01 .01

Lexical, γ40 .51** .14 .77*** .18 .17 .94

Fluency, γ41 −.003 .004

WM,γ42 .06 .05

Time, γ50 −.59*** .07 −.37*** .11 .93 .53

Fluency, γ51 −.005* .002

WM,γ52 −.02 .02

Space, γ60 −.42*** .07 −.14 .08 .34 .42

Fluency, γ61 .001 .002

WM,γ62 -.03 .02

Characters, γ70 −.43*** .07 −.44*** .08 −.13 .43

Fluency, γ71 .002 .002

WM,γ72 −.04 .02

Causation, γ80 −.52*** .06 −.73*** .12 −.72 .50

Fluency, γ81 .005* .002

WM,γ82 −.05* .02

Goals, γ90 −.31*** .06 −.32*** .07 −.85 .51

Fluency, γ91 −.003 .001

WM,γ92 .05 .03

Coef. = slope coefficient; SE =standard error

*p < .05, **p < .01, ***p < .001
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allowed for the testing of resource-based processing con-
straints on moment-by-moment reading behaviors (Calvo,
2001, 2005; Linderholm, Cong, & Zhao, 2008). Recall that,
in Experiment 1, we also included a measure of reading
fluency, which failed to interact with children’s verb pairing
behaviors. Fluency has generally been associated more with
basic reading skills than with situation model construction
(Collins & Levy, 2008). Therefore, in this experiment, we
included a measure of comprehension to assess higher-level
processes (such as inferencing) associated with situation
model activity (Graesser, Singer, & Trabasso, 1994). This
allowed us to test whether comprehension skills influence
readers’ processing of dimension shifts.

Method

Participants

Seventy-six adults and 71 twelve-year-olds (mean age =
12.68 years, SD = 0.49) participated in this experiment. All
participants were native English speakers.

Materials

Stories Four narratives from Aesop's fables (1975) were
adapted by replacing archaic language and making them
age appropriate (mean Flesch–Kincaid grade level = 6.5).
These texts were chosen to be similar to the materials
utilized in Zwaan et al. (1998). Each story was approxi-
mately 300 words long. The stories were “The Town
Mouse and the Country Mouse,” “The Donkey Carrying
Salt,” “The Miller, His Son, and Their Donkey,” and “The
Old Woman and the Physician.”

The stories were broken down into clauses, which were
analyzed for shifts in each of the five dimensions (1 = shift,
0 = no shift; Zwaan, Magliano, & Graesser, 1995). The
clauses were also coded for control variables known to
predict reading times, including the number of syllables per
clause, clause position within the text, argument overlap,
the number of new argument nouns, and the number of
infrequent vocabulary words (low frequency < 250)
(Kučera & Francis, 1967). The texts were counterbalanced
to be presented in different orders across four text order
conditions.

Two trained analysts coded for dimension shifts and control
variables, using Zwaan et al.’s (1998) criteria, and agreement
was high, .80 < ks < .92. Categorical correlations were
computed for the dimensions. Shifts in time were correlated
with shifts in space (f = .27, p < .01) and characters (f = .24,
p < .01), and shifts in space were correlated with shifts in
characters (f = .19, p < .05). None of the other dimensions
were correlated (−.11 < f < .14, ps > .05).

For each story, participants answered two true/false
comprehension questions. These questions assessed the
participants’ explicit memory for the main events in each story
and were included to ensure that participants read each text.

Comprehension Participants completed the comprehension
subsection of the Gates MacGinitie Reading Test (adults,
level AR; children, level 7/9) (MacGinitie,MacGinitie, Maria,
&Dreyer, 2000). This standardized test assesses the ability to
understand prose with multiple-choice questions that require
an understanding of explicit and implicit text information.
Participants were given 35 min to complete the test.

Working memory Participants completed the sentence span
task (Swanson et al., 1989), as described in Experiment 1.

Apparatus

The experiment was run on a Dell computer using E-Prime
software. Participants were seated in front of a color
monitor with their right hand resting on the mouse. The
text was centered on the screen in standard upper- and
lower case type.

Procedure

Participants were randomly assigned to one of the four text
order conditions. They read each story, clause-by-clause
and at their own pace, on a computer screen. They
proceeded to the next screen by pressing the mouse button,
and reading times were collected. They could not go back
and reread any section of the story. After each text, the
experimenter asked the participants two true/false questions
about the text and did not provide feedback. The task took
participants between 15 and 30 min. After reading the
narratives, participants completed the sentence span task,
followed by the Gates MacGinitie test.

Results

A series of multi-level analyses (clauses nested within
participants) were performed using HLM (Raudenbush &
Bryk, 2002). In these analyses, reading times per clause
served as the dependent variable. The predictor variables
were the control variables (number of syllables per clause,
clause position, argument overlap, number of new argument
nouns, number of infrequent vocabulary words, and three
dummy variables coded for text), the dimension variables
(shifts in time, space, causation, goals, and characters), and
the individual difference variables (working memory and
the Gates MacGinitie comprehension scores).
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Because of the number of parameters, an alpha level
of α = .01 was set. No serious evidence of non-normality
or non-linearity was found. However, using Bartlett’s test
of level-1 variance (ps < .001 for all steps of the models),
unequal variances between variables were problematic
even after removing outliers and transformation attempts.
Because the data were normally distributed and because no
other assumptions were violated, we opted to use the original
variables for ease of interpretation; this also led us to use the
more conservative estimation method that does not assume
robust standard errors. Finally, since reading time data tend to
have substantial intraclass correlations (Richter, 2006),
maximum likelihood estimation methods were used. Full
maximum likelihood was used so as to compare the deviance
scores (D) in nested models that did not contain the same
fixed parts (Raudenbush & Bryk, 2002). These scores
allowed us to determine whether adding new variables to
the model leads to a better fit. Finally, the adult and child
data were modeled separately in order to more clearly assess
qualitative differences between the two groups.

Reading times greater than three standard deviation units
above the overall mean or shorter than 200 ms were
removed. Reading times were also removed if a participant
answered fewer than 80% of the comprehension questions
correctly. This resulted in a loss of less than 2% of the data.

The average reading time per clause wasM = 2,404.63 ms
(SD = 1,018.80) for the adults and M = 3,666.90 ms (SD =
1,810.05) for the children. The average percentile score on
the Gates was 71.13 (SD = 16.76) for the adults and 54.77
(SD = 20.18) for the children. The average working
memory scores were M = 20.72 (SD = 3.62) words
correctly recalled for the adults and M = 17.71 (SD = 3.88)
words for the children.

Reading times To ensure that there was enough variability
to justify further modeling, an unconditional model was fit.
For the adults, this was significant bg00 ¼ 2; 419:67, SE =
48.42, p < .001. There was significant variation among the
reading times, χ2 = 1,966.19, p < .001, with ρ = 16% of the
variation attributable to between-person variation. For the
children, this was also significant, bg00 ¼ 3; 668:10, SE =
112.05, p < .001. There was significant variation among
their mean reading times, χ2 = 2,688.81, p < .001, with ρ =
23% attributable to between-person variation. Further
modeling was therefore justified.

First, the text control variables were added to the
level-1 model. For the adults, all of the controls except
argument overlap predicted reading times (ps < .001).
Reading times increased when there were more syllables
per clause, bg10 ¼ 104:90, SE = 3.24, p < .001, at the
beginning of the text, bg20 ¼ �6:58, SE = 1.08, p < .001,
when new argument nouns were introduced, bg30 ¼ 88:57,
SE = 7.92, p < .001, and when infrequent vocabulary

words were included, bg50 ¼ 86:14, SE = 6.70, p < .001.
There was a marginally significant effect such that reading
times increased when there was no argument overlap,
bg40 ¼ 39:35, SE = 15.11, p < .05. All of the dummy
variables coded for texts were significant, bgs � 106:64, SEs
< 27.90, ps < .001. There was significant variation among
the mean intercepts, χ2 = 144.27, p < .001, with ρ = 27%
attributable to between-person variation, providing evidence
that there was still variation to be accounted for. Adding
these variables improved the fit of the model, D(52) =
5,642.21, p < .01.

Similar to the adults, when the text controls were added
to the level-1 model for the children, reading times increased
when there were more syllables per clause, bg10 ¼ 193:37,
SE = 9.20, p < .001, at the beginning of the text,
bg20 ¼ �6:19, SE = 2.01, p < .01, when there was a lack
of argument overlap, bg40 ¼ �80:05, SE = 29.07, p < .01,
and with infrequent vocabulary words, bg50 ¼ 146:75, SE =
16.36, p < .001. There were no significant effects for new
argument nouns and the text dummy variables,
bgs � 108:58, SEs < 56.12, ps > .04. There was significant
variation among the reading time mean intercepts, χ2 =
130.28, p < .001, with ρ = 43% attributable to between-
person variation. Adding these variables improved the fit of
the model, D(52) = 6,519.35, p < .01.

Next, the dimension shifts were added to the level-1
model. (See Table 2 for the results of the adult and child
models.) For the adults, time, space, and causal shifts
predicted increases in reading times (ps ≤ .001), but
character and goal shifts did not. There was significant
variation among the mean intercepts, χ2 = 150.25, p < .001,
with ρ = 29% attributable to between-person variation.
Adding these variables improved the fit of the model,
D(65) = 226.77, p < .01.

For the children, shifts in causation predicted increases
in reading times, bg120 ¼ 157:24, p < .001), whereas shifts
in space (p < .001) predicted decreases in reading times. In
addition, shifts in time, characters, and goals were
marginally significant predictors of decreases in reading
times at the α = .01 level (ps < .05). There was significant
variation among the intercepts of the mean reading times,
χ2 = 128.72, p < .001, with ρ = 46% attributable to
between-person variation. Adding these variables improved
the fit of the model, D(65) = 132.63, p < .01.

In order to directly address differences in dimension
monitoring between the adults and children, t-tests were run
comparing the slopes of the adults versus children for each
dimension. Adults were more likely to show increased reading
times for shifts in time, t(143) = 3.98, p < .001, D = 0.66, and
space, t(143) = 8.02, p < .001, D = 1.32. There were
marginally significant effects such that adults were more
likely to show increased reading times for shifts in characters,
t(143) = 1.86, p < .05, D = 0.31, and goals, t(143) = 2.00, p <
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Table 2 Experiment 2: Summary of HLM analyses for variables predicting reading times

Controls + Dimensions Controls, Dimensions, Working Memory, Gates

Adults Children Adults Children

Coef. SE Coef. SE Coef. SE Coef. SE

Fixed effects

Intercept, γ00 865.45*** 58.42 1,125.33*** 96.54 1,034.63** 367.45 1,838.05*** 408.70

Gates, γ01 −3.59 5.60 −11.03* 4.82

WM,γ02 4.16 23.32 -6.10 20.20

Syllables, γ10 99.26*** 3.08 199.33*** 9.47 157.01*** 14.49 354.94*** 31.03

Gates, γ11 −.42* .19 −2.55*** .30

WM,γ12 −1.36 .88 −.89 1.58

Clause position, γ20 -5.61*** 1.07 -4.70* 1.91 -6.66 7.51 -7.22 7.83

Gates, γ21 -.09 .06 .16 .09

WM,γ22 .38 .38 -.34 .41

New nouns,γ30 86.73*** 7.96 6.61 14.97 105.42* 41.03 112.14 67.73

Gates, γ31 −0.36 .57 .09 .67

WM,γ32 .33 2.39 −6.25 3.87

Argument overlap, γ40 11.01 15.55 −93.32** 29.62 118.09 100.98 −108.94 149.98

Gates, γ41 -1.05 1.30 -.16 1.68

WM,γ42 −1.55 5.31 1.39 7.42

Infrequent words, γ50 96.72*** 6.71 142.50*** 16.65 42.58 33.37 −100.46 52.12

Gates, γ51 .33 .40 1.90** .59

WM,γ52 1.46 1.86 7.84** 2.54

Dummy1, γ60 197.59*** 29.90 152.18** 55.18 −8.54 198.33 −69.98 185.28

Gates, γ61 .12 2.00 −3.37 3.92

WM,γ62 9.54 8.26 22.97* 10.75

Dummy2, γ70 229.21*** 27.12 65.83 55.06 −73.27 176.17 −551.73* 208.10

Gates, γ71 .60 2.04 2.86 3.01

WM,γ72 12.53 8.75 26.02* 11.22

Dummy3, γ80 153.89*** 27.57 126.49** 42.01 −60.55 182.22 −58.49 169.48

Gates, γ81 −.13 2.16 −.08 1.99

WM,γ82 10.77 8.61 10.69 8.75

Time, γ90 100.17*** 22.25 −79.59* 39.30 198.01 150.17 −100.22 168.43

Gates, γ91 .68 1.73 1.38 1.95

WM,γ92 −7.03 7.23 −3.11 8.84

Space, γ100 190.99*** 21.50 −169.60*** 39.48 524.64*** 116.74 −73.13 189.93

Gates, γ101 −2.22 1.73 .54 2.13

WM,γ102 −8.50 6.54 −7.12 10.56

Characters, γ110 5.06 29.42 −95.02* 45.24 −470.69** 149.38 −279.59 190.03

Gates, γ111 −.56 1.70 .65 2.52

WM,γ112 24.86** 8.81 8.42 10.34

Causation, γ120 142.08*** 14.67 157.24*** 24.58 222.25* 108.96 30.54 136.77

Gates, γ121 −.27 .96 1.01 1.30

WM,γ122 −2.96 4.95 4.04 6.48

Goals, γ130 3.27 15.94 −62.48* 28.68 −.90 100.21 −361.22* 134.79

Gates, γ131 −.46 .90 1.15 1.40

WM,γ132 1.79 5.25 13.31 6.87

Coef. = slope coefficient; SE = standard error

*p < .05, **p < .01, ***p < .001
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.05, D = 0.33. There was no significant effect for causation,
t(143) = 0.53, p >.05, D = 0.09.

Finally, the Gates and working memory scores were
added to the level-2 models. (Again, see Table 2 for the
results for both the adults and children.) For the adults, the
Gates scores and working memory scores did not predict
reading times as main effects. However, there was one
significant cross-level interaction (at an alpha level set to
.01): Higher working memory was associated with reduc-
tions in the effects of character shifts on reading times,
bg112 ¼ 24:86, p < .01. There was significant variation
among the mean intercepts, χ2 = 149.86, p < .001, with ρ =
26% attributable to between-person variation. Adding these
variables did not improve the fit of the model, D(28) =
41.89, p > .01 (although p < .05).

For the children, the Gates and working memory scores
did not predict reading times as main effects at the alpha
level of .01. However, children with higher Gates scores
had shorter readings times, γ01 = −11.03, p < .05. There
were three significant cross-level interactions (at α = .01).
Higher Gates scores reduced the effects of the number of
syllables on reading times, bg11 ¼ �2:55, p < .001. Also,
higher working memory, bg52 ¼ 7:84, p < .01, and Gates,
bg51 ¼ 7:84, p < .01, scores reduced the effects of vocabulary
on reading times. There was significant variation among the
intercepts of the reading time means, χ2 = 117.45, p < .001,
with ρ = 25% attributable to between-person variation.
Adding these variables improved the fit of the model,
D(28) = 75.90, p < .01.

Discussion

The data replicated Zwaan, Magliano and Graesser’s (1995;
Zwaan et al., 1998) findings that adult reading times
increase when dimension shifts are encountered. Contrary
to the hypotheses, however, adults’ reading times did not
increase for character or goal shifts. One potential explana-
tion is that these dimension shifts may not have been as
salient in the texts as the other dimension types. Previous
research has shown that manipulating the salience of a
dimension interacts with reading behaviors for other
dimensions (Levine & Klin, 2001). The stories used in this
experiment were adapted from Aesop’s Fables, which tend
to be relatively short and simple, contain one or two main
characters, and have a structure with one main goal and few
subgoals. Therefore, shifts in these dimensions may have
been less distinct or provided relatively minor event
boundaries. The texts used in Zwaan et al. (1998) were
also adapted from Aesop’s Fables (although different fables
were used), and those texts showed minor effects for the
spatial dimension.

Like the adults, the children’s reading times increased at
causal shifts. In contrast to the adults, children’s reading
times decreased at spatial, goal, character, and time shifts
(although the latter three were marginally significant). The
finding that children’s readings times actually decreased at
dimension shifts was surprising. One explanation could be
that dimension monitoring can be captured whenever there
is a change in reading times in response to a shift,
regardless of whether those changes signify speedups or
slowdowns. However, this contradicts the structure-building
framework (Gernsbacher, 1990, 1997): Dimension shifts
represent new information that is inconsistent with the
reader’s current representation of the text. The difficulty
associated with integration should result in increased
processing times. That the children’s reading times actually
decreased would suggest, according to the framework, that
the information was more easily integrated and, thus,
processed more quickly, or that no integration was attemp-
ted. Consistent with this interpretation, decreases in reading
times at dimension shifts have been found in previous work
(Radvansky, Zwaan, Curiel, & Copeland, 2001), in which
adults would intentionally choose to not update their
situation models along certain dimensions. Readers can
also ignore or remain unaware or unconcerned with those
dimensions, and similar activities may have occurred with
the child participants here.

As in Experiment 1, comprehension and working memory
scores, in general, did not interact with children’s or adults’
propensities to monitor dimension shifts during moment-by-
moment reading. Rather, comprehension and working
memory interacted with surface-level predictors of reading
times, such as the number of syllables and vocabulary.

Experiment 3

The results from Experiment 2 indicate potential differences
between adults and children with regard to moment-by-
moment dimension monitoring processes. However, the
texts used in Experiment 2 were at a seventh-grade reading
level, making them developmentally appropriate for the
children but possibly too easy for the adults. Text difficulty,
unsurprisingly, plays a crucial role in comprehension
(Linderholm, Everson, van den Broek,Mischinski, Crittenden,
& Samuels, 2000; McDaniel, Hines, & Guynn, 2002;
McNamara, 2001; O'Connor, Bell, Harty, Larkin, Sackor, &
Zigmond, 2002). For example, when texts are too difficult,
readers must focus on both decoding and determining
meaning; if texts are too easy, readers may gloss over or
ignore elements of texts, potentially influencing their pro-
cessing of event shifts. This could influence the cognitive
resources available for making inferential connections and
tracking dimensions during comprehension.
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Because of the mismatch between reading skill and text
level for adult participants, it remained an open question
whether the results from Experiment 2 could be attributed
to developmental differences in dimension monitoring,
rather than to a mismatch in the relative difficulty of the
text. Experiment 3 addressed this issue by presenting texts
to adults that were appropriately difficult. If the adult
patterns of reading times are similar to those obtained in
Experiment 2, it would suggest that the differences are
indeed developmentally driven. However, if the adult
patterns of reading times change, and perhaps look more
like children’s reading times, it would indicate that the
previously obtained results may have been a function of
relative text difficulty.

Method

Participants

Forty-one adults participated in this experiment. All
participants were native English speakers.

Materials

Stories The four narratives from Aesop's Fables (1975)
used in Experiment 2 were adapted to be more difficult
and age appropriate for adults by adding more difficult
vocabulary words and grammatical complexities (mean
Flesch–Kincaid grade level = 13.6). These texts contained
all of the same information as the texts in Experiment 2,
with the content presented in the same order and the
length of each text remaining at approximately 300 words.
The stories were broken down into the same clauses as in
Experiment 2, and thus the dimension shifts occurred in
the same clauses (Zwaan, Magliano, & Graesser, 1995).
The clauses were also coded for control variables known
to predict reading times, including the number of syllables
per clause, clause position within the text (which
remained the same), argument overlap, the number of
new argument nouns, and the number of infrequent
vocabulary words (low frequency < 250) (Kučera &
Francis, 1967).

In addition, a fifth text, entitled “The City of Political
Distinction” (Bierce, 2007), was added to increase the
number of observations and the potential generalizability of
any obtained results. This text, like the other materials, was
a fable with a similar structure that contained shifts in each
of the five dimensions. It was modified slightly to bring it
to a comparable word length and difficulty as the other
texts (340 words, Flesch–Kincaid grade level = 12.6). The
story was broken down into clauses, and two raters coded
for both the control variables and dimension shifts in the

same manner as with the other texts. Interrater reliability
was good, .81 < ks < .95.

The texts were counterbalanced to be presented in different
orders across five text order conditions. Following each story,
participants answered two true/false comprehension ques-
tions. These questions assessed participants’ explicit memory
for the main events in each story and were included to ensure
that participants read each text.

Apparatus

The experiment was run on a Dell computer using E-Prime
software. Participants were seated in front of a color
monitor with their right hand resting on the mouse. The
text was centered on the screen in standard upper- and
lower case type.

Procedure

Participants were randomly assigned to one of the five text
order conditions. They read each story clause-by-clause and at
their own pace on a computer screen. They proceeded to the
next screen by pressing the mouse button, and reading times
were collected. They could not go back and reread any section
of the story. After each text, participants answered two true/
false questions about the text on the computer, without
feedback. The task took participants between 15 and 30 min.

Results

The average reading time per clause was M = 2,312.27 ms
(SD = 1,483.85). Reading times greater than three standard
deviation units above the overall mean or shorter than
200 ms were removed. Reading times were also removed if
a participant answered fewer than 80% of the comprehen-
sion questions correctly. This resulted in a loss of less than
2% of the data.

As in Experiment 2, a series ofmulti-level analyses (clauses
nested within participants) were performed using HLM,
(Raudenbush & Bryk, 2002). The dependent and predictor
variables remained the same, with the exception that this
analysis included four dummy variables coded for text. As in
Experiment 2, an alpha level of α = .01 was set, and full
maximum likelihood was utilized. Bartlett’s test of level-1
variance (ps < .001 for all steps of the models) indicated
unequal variances between variables even after removing
outliers and transformation attempts. However, no serious
evidence of non-normality or non-linearity was found, so we
opted to use the original variables for ease of interpretation.

To ensure that there was enough variability to justify
further modeling, an unconditional model was fit, and this
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was significant, bg00 ¼ 2; 315:97, SE = 111.15, p < .001.
There was significant variation among the reading times
(χ2 = 2,240.12, p < .001), with ρ = 23% of the variation
attributable to between-person variation. Further modeling
was justified.

First, the text control variables were added to the level-1
model. All of the controls significantly predicted reading times
(ps < .001). Reading times increased when there were more
syllables per clause, bg10 ¼ 92:10, SE = 4.83, p < .001, as the
clause position decreased, bg20 ¼ �8:67, SE = 1.45, p < .001,
when new argument nouns were introduced, bg30 ¼ 72:76,
SE = 15.67, p < .001, when there was no argument
overlap, bg40 ¼ 183:28, SE = 32.10, p < .001, and when
infrequent vocabulary words were included, bg50 ¼ 157:32,
SE = 12.81, p < .001. All of the text dummy variables were
significant, �486:70 � bgs � 628:47, SEs < 68.24, ps <
.001. There was significant variation among the mean
intercepts, χ2 = 211.20, p < .001, with ρ = 28% attributable
to between-person variation, providing evidence that there was
still variation to be accounted for. Adding these variables
improved the fit of the model, D(63) = 5,107.15, p < .001.

Next, the dimension shifts were added to the level-1
model (see Table 3 for the results). Time, space, and causal
shifts predicted increases in reading times (ps ≤ .01), but
character and goal shifts did not. Character shifts predicted
decreases in reading times (p < .01). There was significant
variation among the mean intercepts, χ2 = 189.73, p < .001,
with ρ = 28% attributable to between-person variation.

Adding these variables improved the fit of the model,
D(70) = 161.25, p < .001.

Discussion

The data replicated the findings from Experiment 2, such
that adult reading times increased at shifts in time, space,
and causality. This also replicates Zwaan, Magliano and
Graesser’s (1995; Zwaan et al., 1998) findings that adult
reading times increase when dimension shifts are
encountered. Additionally, reading times did not increase
at shifts in characters1or goals, replicating the findings
from Experiment 2. These data suggest that text
difficulty did not play a role in the monitoring patterns
of adults.

Experiment 4

To further support the previous developmental findings,
we sought to replicate the children’s data. We also took
the opportunity to utilize the same set of materials in
order to examine participants’ verb-clustering and read-
ing time behaviors in a single experiment. Besides
offering an additional means of ensuring that any
obtained effects were not simply the result of the
different materials employed across Experiments 1 and
2, a combined experiment of this type offered the
opportunity to examine both process- and product-
oriented measures with a single group of participants.Table 3 Experiment 3: Summary of HLM analyses for variables

predicting adults’ reading times

Coef. SE

Fixed Effects

Intercept, γ00 954.16 98.29***

Syllables, γ10 88.03 4.44***

Clause-position, γ20 −7.98 1.37***

New nouns, γ30 66.83 13.93***

Argument overlap, γ40 140.80 26.38***

Infrequent words, γ50 169.98 12.25***

Dummy1, γ60 −307.80 60.13***

Dummy2, γ70 −444.30 46.71***

Dummy3, γ80 −433.21 68.34***

Dummy4, γ90 −623.28 67.89***

Time, γ100 84.14 29.66**

Space, γ110 73.23 30.12**

Characters, γ120 −146.84 48.65**

Causation, γ130 184.23 27.44***

Goals,γ140 −64.08 −64.08

Coef. = slope coefficient; SE = standard error

*p <.05, **p <.01, ***p < .001

1 One intriguing finding was that reading times decreased for character
shifts, similar to the effects observed for children in Experiment 2. To
assess why character shifts potentially predicted decreases in reading
times, a brief follow-up study was conducted. Twenty-nine adults read
each of the texts and rank ordered the dimensions in terms of how
difficult it was to pay attention to each dimension, such that 1 was
easiest and 5 was hardest. The order of the stories was counter-
balanced across participants. The Friedman test indicated that there
were differences between the rankings of the dimensions, χ2(4) =
43.67, p < .001. Wilcoxen post hoc tests indicated that characters
were rated as easier to follow than all of the other dimensions, zs >
3.70, ps < .001. There were no other differences, zs < 1.69, ps > .05.
This evidence is consistent with the notion that readers may have
strategically focused their attention on dimensions that they consid-
ered to be more difficult to track. This is also consistent with the work
of Radvansky et al. (2001), who found that readers would deliberately
skim and, therefore, not update their event models along certain
dimensions. Readers may opt to ignore elements of texts that they find
uninteresting or less than useful for their processing (e.g., van den
Broek, Lorch, Linderholm, & Gustafson, 2001), which may involve
modifications to the tracking processes associated with event
indexing. These modifications can therefore result in null or negative
associations between event shifts and reading times (Radvansky &
Copeland, 2010).
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Child participants read narratives and afterward grouped
verbs from each story into related pairings, as in Experiment 1.
These children also read the Aesop's Fables (1975), previ-
ously employed in Experiment 2, and their reading times
were analyzed in relation to shifts in time, space, characters,
goals, and causation. In addition, the same children also
grouped verbs from Aesop’s Fables. We hypothesized that
children would pair verbs that represent continuities across
dimensions, consistent with Experiment 1. We also hypoth-
esized that children’s reading times would increase for causal
shifts, but either would not increase or would decrease for
shifts in the other dimensions, consistent with Experiment 2.

Method

Participants

Forty-one children (mean age = 12.82 years, SD = 0.35)
participated in this experiment. However, three were not
native English speakers, so their data were removed.

Materials

For the verb-clustering task, each participant read the four
stories from Experiment 1 and the four stories from
Experiment 2. For the reading time task, each participant
read the four stories from Experiment 2.

With regard to the verb-clustering task using the materials
from Experiment 2, 10 unique verbs were selected from each
story. Two trained coders rated every possible pairing of the
10 verbs (a total of 45 pairs per story) for continuity in each
event-indexing dimension (1 = shift, 0 = no shift), surface
distance, surface connections, and argument overlap. Inter-
rater agreement was high: .88 < ks < 1.00.

In addition, we asked 25 adults to pair the verbs
without reading the narratives. These pairings provided
an index of the likelihood that verbs would be paired on
the basis of general lexical knowledge, rather than story
comprehension (Zwaan, Langston, & Graesser, 1995),
and were used as a control in our examination of
participant performance.

Procedure

All participants were tested in groups of 10–15 students in
their language arts classroom at school over three sessions
(to accommodate the teachers’ course schedules). In the
first session, the participants completed the verb-clustering
task, using the same materials and method as in Experiment
1. In the second session, which took place the following
day, the participants completed the reading time task, using
the same materials and method as in Experiment 2. In the

third session, which occurred 2 weeks after the second
session, the participants completed the verb-clustering task
(using the method from Experiment 1) with the materials
from Experiment 2.

Results

Verb clustering

As in Experiment 1, HGLM was utilized to account for the
multi-level structure of the verb pairings nested within
participants. All analyses were conducted in the same way
as in Experiment 1, such that the independent and
dependent variables were the same, with the exception that
working memory and fluency were not included in the
analyses. The same steps in the model were utilized as in
Experiment 1. We first ran the analyses with the texts used
in Experiment 1. Next, we ran the same analyses with the
texts used in Experiment 2.

Experiment 1 Materials To assess the variation, uncondi-
tional models were estimated. The average log-odds ofmaking
a pairing was bg00 ¼ �1:82, SE = .04, p < .001. This result
indicated that there was variability, thus justifying further
modeling.

To assess whether the text controls predicted pairings,
we added the control variables to the level-1 model.
Children were more likely to pair verbs that had fewer
intervening words, bg10 ¼ �:01, SE = 0.003, p < .01,
occurred in the same sentence bg20 ¼ 0:96, SE = 0.14, p <
.001, and were consistent with general lexical knowledge,
bg40 ¼ 1:41, SE = 0.18, p < .001. The effect of argument
overlap was not significant (although bg30 ¼ 0:15, SE =
0.09, p = .10).

To assess whether shifts in each dimension predicted
pairings over and above the control variables, the five
dimensions were added to the level-1 models (see Table 4
for the results). Verbs that took place within a continuous
event were more likely to be paired than verbs that were
separated by shifts in time (p < .05), space (p < .01),
characters (p < .01), and causation (p < .001). The effect of
goals was not significant (p > .05, although the pattern was
in the same direction).

Experiment 2 Materials To assess the variation, uncondi-
tional models were estimated. The average log-odds ofmaking
a pairing was bg00 ¼ �1:74, SE = 0.03, p < .001. This result
indicated that there was variability, thus justifying further
modeling.

To assess whether the text controls predicted pairings, we
added the control variables to the level-1 model. Children were
more likely to pair verbs that had fewer intervening words
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bg10 ¼ �0:01, SE = 0.001, p < .001, occurred in the same
sentence, g20 ¼ 0:45, SE = 0.26), (although p < .09), and
were consistent with general lexical knowledge, bg40 ¼ 2:74,
SE = 0.20, p < .001. The effect of argument overlap was not
significant, bg30 ¼ 0:02, SE = 0.06, p > .05.

To assess whether shifts in each dimension predicted
pairings over and above the control variables, the five
dimensions were added to the level-1 models. (Again, see
Table 4 for the results.) Verbs that took place within a
continuous event were more likely to be paired than verbs
that were separated by shifts in time (p < .001), space (p <
.001), goals (p < .01), and causation (p < .001). The effect of
characters was not significant (p > .05, although again the
pattern was in the same direction).

Reading times

As in Experiment 2, a series of multi-level analyses (clauses
nested within participants) were performed using HLM
(Raudenbush & Bryk, 2002). All analyses were conducted
in the same way as in Experiment 2, with the exception that
working memory and comprehension were not included in
the analyses. The same steps in the model were utilized as in
Experiment 2. Reading times greater than three standard
deviation units above the overall mean or shorter than 200
ms were removed. Reading times were also removed if a
participant answered fewer than 80% of the comprehension
questions correctly. This resulted in a loss of less than 3% of
the data. The average reading time per clause was M =
3,362.52 ms (SD = 1,795.82).

To ensure that there was enough variability to justify further
modeling, an unconditional model was fit. This was significant,
bg00 ¼ 3; 392:83, SE = 134.03, p < .001. There was significant

variation among the reading times, χ2 = 920.94, p < .001,
with ρ = 17% of the variation attributable to between-person
variation. Further modeling was therefore justified.

First, the text control variables were added to the level-1
model. All of the control variables except argument overlap
and one of the text dummy variables predicted reading
times (ps < .05). Reading times increased when there were
more syllables per clause,bg10 ¼ 162:01, SE = 10.72, p < .001,
at the beginning of the text, bg20 ¼ �6:19, SE = 2.42, p < .02,
when new argument nouns were introduced, bg30 ¼ 59:89,
SE = 22.03, p = .01, and when infrequent vocabulary words
were included, bg50 ¼ 204:24, SE = 10.71, p < .001. The
effect of argument overlap was not significant, bg40 ¼ 23:68,
SE = 42.31, p > .05. Two of the dummy variables coded for
texts were significant, bg60 ¼ �184:37, SE = 68.50, p = .01,
and bg70 ¼ 120:26, SE = 51.00, p < .03, although one was
not, bg80 ¼ 19:41, SE = 71.67, p > .05. There was
significant variation among the mean intercepts, χ2 =
61.17, p = .001, with ρ = 22% attributable to between-
person variation, providing evidence that there was still
variation to be accounted for. Adding these variables
improved the fit of the model, D(52) = 2,513.98, p < .01.

Next, the dimension shifts were added to the level-1
model. (See Table 5 for the results of this model.) Shifts in
causation predicted increases in reading times,
bg120 ¼ 125:77, p < .01, whereas shifts in space (p < .001)
and shifts in time (p < .05) predicted decreases in reading
times. The effects of characters and goals were not
significant (ps > .05, although goal shifts predicted
decreases in reading times at the p < .10 level). There was
significant variation among the intercepts of the mean
reading times, χ2 = 57.22, p < .01, with ρ = 22%
attributable to between-person variation. Adding these

Table 4 Experiment 4: Summary of HGLM analyses for variables predicting children’s verb pairings

Experiment 1 Materials Experiment 2 Materials

Coef. SE Coef. SE

Fixed effects

Intercept, γ00 −1.44*** .14 −1.21*** .14

Surface dist., γ10 .0002 .003 .001** .0001

Surf. conn., γ20 .60*** .14 .49** .15

Arg. overlap, γ30 .13 .10 −.14** .05

Lexical, γ40 1.21*** .20 2.11*** .16

Time, γ50 −.26* .12 −.36*** .08

Space, γ60 −.28** .09 −.18*** .05

Characters, γ70 −.33** .09 −.07 .05

Causation, γ80 −.35*** .10 −.31*** .08

Goals, γ90 −.07 .10 −.25*** .06

Coef. = slope coefficient; SE = standard error

*p < .05, **p < .01,***p < .001
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variables did not improve the fit of the model, D(65) =
76.23 (although p < .10).

Discussion

The verb-clustering data from the two sets of materials
replicated Zwaan, Langston and Graesser’s (1995) findings,
in that children were more likely to pair verbs that
represented continuous, as compared with discontinuous,
events along the dimensions of time, space, characters,
causation, and goals. These data are also consistent with the
results reported in Experiment 1, supporting the view that
middle school children have relatively sophisticated under-
standings of each dimension (Case et al., 2001, 1996; van
den Broek, 1997). Narrative dimensions influence readers’
memory organization for narratives, even in the previously
untested case of younger readers.

Consistent with Experiment 2, children’s reading time
data did not replicate previous adult findings (Zwaan,
Magliano, & Graesser, 1995; Zwaan et al., 1998), which
usually show relatively uniform increases in reading
latencies for sentences containing dimension shifts. Al-
though children’s reading times increased at causal shifts,
their reading times actually decreased at spatial and
temporal shifts. This finding is consistent with the view
that these shifts may have been more easily integrated or
that no integration was attempted (Radvansky et al., 2001).
By examining post-reading and moment-by-moment read-
ing processes with a sample of children completing both
types of measures, the findings further support the

commonalities and differences reported in the previous
experiments for child and adult indexing patterns.

General discussion

The extant literatures document some of the similarities
between adults’ and children’s constructions of situation
models and their propensities toward resolving inconsistent
events during narrative experiences. The literatures outline
analogous processes with respect to how readers encode
narrative information to build connections in memory
between the “here-and-now” of the text and previous text
information (Gernsbacher, 1990, 1997; Graesser, Louwerse,
McNamara, Olney, Cai, & Mitchell, 2007; Kintsch & van
Dijk, 1978; Oakhill, 1994; Pascual-Leone, 1970, 2000;
Piaget & Inhelder, 2000; van den Broek, 1997). Further-
more, both literatures document the importance of time,
space, characters, goals, and causation in narrative compre-
hension (Case et al., 2001; Zwaan, Langston, & Graesser,
1995; Zwaan, Magliano, & Graesser, 1995). However, the
developmental literature has focused on children’s under-
standings of each dimension, whereas the adult literature
has additionally focused on how readers apply this
knowledge by spontaneously monitoring narrative shifts.
The present project attempted to bridge the understandings
derived from these bodies of work.

The developmental literature led us to two different
hypotheses. First, neo-Piagetian theories indicate that
children should have sophisticated understandings of each
dimension by late elementary grades (Case et al., 2001,
1996; van den Broek, 1997). This work has suggested that
middle school children should monitor dimensions in a
manner similar to that of adults. However, information-
processing theories indicate that children’s processing
capacities continue to develop well into adolescence
(Conklin et al., 2007; Gathercole et al., 2004; Luciana et
al., 2005), suggesting that middle school children may not
necessarily monitor dimensions in the same manner as
adults, due to relative processing limitations. The present
project compared these possibilities using both offline
(Experiments 1 and 4) and online (Experiments 2 and 4)
measures.

Experiments 1 and 4 revealed that adults’ and 12-year-
olds’ memories were organized such that they were more
likely to pair events that were continuous. Middle school
children applied their knowledge of each dimension to
their post-reading memory organization of the narratives.
Experiments 2 and 4 examined whether children, like
adults, monitor dimension shifts during moment-by-
moment reading. While adults’ reading times generally
increased when the text described a dimension shift,
children’s reading times increased only at causal shifts

Table 5 Experiment 4: Summary of HLM analyses for variables
predicting children’s reading times

Coef. SE

Fixed effects

Intercept, γ00 987.59*** 142.81

Syllables, γ10 167.79*** 11.23

Clause position, γ20 −3.85 2.36

New Nouns, γ30 54.12* 22.51

Argument overlap, γ40 −24.93 41.43

Infrequent words, γ50 198.24*** 19.82

Dummy1, γ60 −133.66† 79.14

Dummy2, γ70 105.24† 52.66

Dummy3, γ80 12.44 72.89

Time, γ90 −117.37* 57.97

Space, γ100 −285.76*** 70.16

Characters, γ110 84.65 78.46

Causation, γ120 125.77** 39.63

Goals, γ130 −57.66 37.46

Coef. = slope coefficient; SE = standard error

*p < .05, **p < .01, ***p < .001
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(and actually appeared to decrease for the remaining
dimensions). Thus, while the experiments employing
offline methodologies appeared consistent with neo-
Piagetian accounts, the results from the online experiments
support a view derived from information-processing
theories (Conklin et al., 2007; Gathercole et al., 2004;
Luciana et al., 2005).

Discrepancies between children and adult findings

Importantly, though, information-processing accounts would
nevertheless be unlikely to predict the decreases observed in
children’s reading times to non-causal shifts. What might
explain the conflicting results that children’s monitoring
behaviors match those of adults on measures of post-reading
memory, but not when measured during moment-by-moment
reading? One possibility is that both increases and decreases
in reading times are indicative of dimension monitoring; that
is, children’s monitoring might reflect attempts at integration
that, in some instances, lead to slowdowns and, in some
instances, lead to speed-ups but, in both cases, result in
established coherence between pre- and post-shift informa-
tion. However, as was described earlier, the structure-building
framework (Gernsbacher, 1990, 1997) indicates that process-
ing should reflect necessary deliberative activity (i.e.,
processing slowdowns) when texts are difficult or complex,
as they are when they contain shifts. Developmental research
also contends that children build situation models using
similar processes as adults. For example, children integrate
new information by activating relevant knowledge and
building connections between new information, prior text
information, and prior knowledge (MacWhinney et al., 1989;
Oakhill, 1994; Pascual-Leone, 1970, 2000; Piaget &
Inhelder, 2000; van den Broek, 1997). Therefore, decreases
in reading times might indicate that children did not make
careful attempts to integrate these dimension shifts.

Another possible account of the conflicting adult/child
effects might appeal to mismatches between the difficulty
of the texts and the reading skills of adults versus children.
Indeed, the texts used in Experiments 2 and 4 were at a
grade level appropriate for middle school readers and, thus,
would likely be less difficult for adults. To assess this
possibility, in Experiment 3, adults read the same stories,
albeit modified to be appropriate for their reading level. The
results from Experiment 3 demonstrated that the moment-
by-moment reading patterns did not change on the basis of
the difficulty of the text (with the exception of character
shifts). Therefore, the conflicting effects are unlikely to be a
function of the ease or difficulty of the texts as a function of
grade level.

Another explanation for the results obtained across the
experiments, particularly with respect to children’s relative-
ly restricted moment-by-moment monitoring of dimensions,

might appeal to the index dominance hypothesis (Taylor &
Tversky, 1997). Readers tend to index events along a
dominant, organizing dimension and monitor events with
other indices only when necessary. Perhaps unsurprisingly,
causality is the dimension usually invoked as the dominant
indexing framework. Children’s processing has also often
been considered with respect to focusing on a particular
dominant feature or index; for example, consider the classic
concept of decentering, in which children are able to focus
on only one salient aspect of a problem at a time (Piaget &
Inhelder, 2000). Previous work has shown that causality is
indeed important to children’s processing of the world (van
den Broek, 1997). Research has also more generally
supported the importance of causation as a primary
organizing dimension in narrative comprehension (Tra-
basso, Secco, & van den Broek, 1984; Trabasso, van den
Broek & Suh 1989; van den Broek, 1994). The texts used
in the present study followed traditional narrative schemas
in which causation and goals were the primary organizing
features (e.g., Buss, Yussen, Mathews, Miller, & Rembold,
1983). Therefore, the organization of the texts and the
relative importance of causation may have encouraged
children to focus on that particular dimension, to the
potential detriment of other dimensions.

Yet another possible explanation for the results is that
children are capable of monitoring multiple dimensions but
do not do so spontaneously during moment-by-moment
reading. The experiments reported here assumed monitor-
ing to be spontaneous and, therefore, did not attempt to
manipulate whether participants might make strategic
efforts to monitor particular shifts (Gerrig & O'Brien,
2005; Graesser et al., 1994; McKoon & Ratcliff, 1992,
1995; Singer, Graesser, & Trabasso, 1994; van den Broek,
Rapp, & Kendeou, 2005). If children were instructed to
monitor dimension shifts and, under such conditions,
appeared similar to adults in terms of processing activity,
it would provide evidence of middle school children’s
capacity for strategic, but not spontaneous, monitoring.
Additional work from our labs plan to examine whether
instructions to monitor dimensions can be influential with
respect to children’s strategic monitoring of dimensions (in
the same way instructions can directly influence adult
comprehension).

In the present study, fluency, comprehension, and
working memory did not reliably predict dimension
monitoring. In Experiment 1, fluency interacted with
argument overlap, such that more fluent children were less
likely to utilize argument overlap when making pairings. In
Experiment 2, comprehension and working memory tended
to interact with the surface-level predictors of monitoring
among children, such as the number of syllables per clause.
These findings are consistent with the work of Radvansky
and Copeland (2004; Radvansky et al., 2001), which has
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demonstrated effects of working memory on readers’
updating of situation models.

Future directions

Since this project represents a first pass at documenting
developmental differences in dimension monitoring,
several crucial follow-ups will prove useful at further
elucidating and informing these findings. First, different
texts and samples were used across the present experi-
ments. Future work should include participants of
different ages engaging in online and offline tasks with
the same texts to increase confidence in the results (along
the lines of the method employed in Experiment 4). In
addition, the materials in the present project were real-
world texts that are commonly used in classroom settings.
Since real-world texts often include all five dimensions in
their content (Graesser & Ottati, 1995), the selected texts
were considered appropriate materials for study. However,
replication with different types of narratives, beyond
fables, is needed to further confirm the generalizability
of the present findings.

Additionally, clause-level reading time measures, in
comparison with word- or syllable-level analyses, may not
be precise enough to measure dimension-monitoring
behaviors. Although reading times are often used in studies
of moment-by-moment comprehension (Lorch, 1993;
Radvansky et al., 2001; Zwaan et al., 1998), future work
could also incorporate other measures of moment-by-
moment processing, such as eye movements, probe latencies,
or verbal protocols. In addition, future research should
address other measures of offline mental organization. For
example, post-reading lexical decision tasks can be helpful
for defining mental maps (e.g., Curiel & Radvansky, 2002).
Free recall and targeted comprehension questions can also
provide converging evidence. Taken together, these addi-
tional methodologies will prove useful for documenting the
developmental trajectories that guide readers’ understanding
and processing of dimensions during narrative comprehen-
sion. The present study takes a first step toward this goal, by
demonstrating that (1) monitoring occurs spontaneously for
middle school children during reading for only a subset of
text dimensions (i.e., causality), yet (2) after reading, middle
school children rely on multiple dimensions to organize
memory for narratives.
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