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ABSTRACT
YOUNG CHILDREN’S USE OF CAUSAL CONNECTIONS DURING
STORYTELLING: THE ROLE OF CONTEXT AND INDIVIDUAL DIFFERENCES
IN ATTENTION
Danielle D. Brown
October 16, 2007

Narrative causal understanding is related to a variety of school-related skills such as
reading comprehension, and memory. Previous research shows a developmental trend in
the ability to use and understand causal connections that begins at age 4 and continually
improves up through ages 10 and 11. Researchers posit that this developmental trend in
one aspect of narrative ability is explained by an increase in narrative knowledge;
children learn more about what is required in narratives they get older. There is a dearth
of research on other possible influences on narrative ability. In two experiments, the
current study uses a storytelling procedure to investigate narrative ability and causal
understanding in 58 preschool children based on a conceptual model of early causal
understanding in discourse. In the first experiment it was hypothesized that both
individual and age-related differences will be observed in the complexity of causal
connections children produce and the distance over which children causally connect.
Variations in stimulus complexity (i.e., complexity of the goals of each story) were
expected to account for differences in the production of causal connections. In the second

experiment it was hypothesized that individual differences in skills related to three

attention networks can explain differences in causal understanding. The results show that



3-year-olds can use causal connections during storytelling and that patterns of age-related
increases differ depending on the connection type and narrative context. The results also
show that attention skills influence specific aspects of causal understanding. The results
are consistent with previous storytelling research and research with children diagnosed
with ADHD. The current study illustrates the importance of investigating a variety of
contextual and child factors that may impact the development of children’s causal
understanding. Implications for future research and the development early intervention

programs are discussed.
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INTRODUCTION

Causal understanding, the ability to use and understand causal information, is an
important skill that contributes to a variety of other pre-academic skills. A large body of
research shows that causal understanding is important for the production and
understanding of narrative (Trabasso, 1994; Suh & Trabasso, 1993; Trabasso & Suh,
1993). Within this type of discourse, the ability to understand causal information is
measured by the ability to use and comprehend causal connections. Trabasso (1994)
states that the ability to interpret or produce an effective narrative lies in the producer’s
ability to make it coherent, which is achieved by making inferences that connect ideas,
about time and place of actions, about characters, etc (Suh & Trabasso, 1993; Trabasso &
Suh, 1993). These inferences that connect the ideas, time, actions, characters, etc. within
narrative are termed causal connections and are the main contribution to the causal
coherence of narratives.

Research shows that causal connections are used in the memory and
comprehension of narrative. Adults recall and comprehend information that is causally
connected more often than information that is unconnected (Rizella & O’Brien, 1996;
van den Broek, Lorch, & Thurlow, 1996; van den Broek & Trabasso, 1986; Trabasso &
van den Broek, 1985) and are more likely to include causally connected material when
writing (van den Broek, Linzie, Fletcher, & Marsolek, 2000). When evaluating
information in narrative, children and adults are more likely to rate causally connected

information as more important than unconnected information (Wolman, 1991; van den



Broek, 1989; Trabasso & Sperry, 1985; Trabasso & van den Broek, 1985). Other research
shows that children developing typically and children with disabilities also use causal
connections in tasks of recall and comprehension (Lorch, O’Neil et al., 2004; Lorch,
Diener et al., 1999; Lorch, Sanchez et al., 1999; Wolman, van den Broek, & Lorch, 1997;
van den Broek et al., 1996; Wolman, 1991; van den Broek, 1989; Trabasso, Secco, & van
den Broek, 1984). Little is known, however, about the use and understanding of causal
connections in very young children. Existing research has described age differences in
the use of causal relations, but no information about individual differences has been
reported (Berman & Slobin, 1994; Trabasso, Stein, Rodkin, Munger, & Baughn, 1992;
Trabasso & Nickels, 1992; Berman, 1988). A better understanding of the use of causal
relations in preschool children has implications for knowledge concerning the
development of causal understanding, factors that influence this development and
individual differences in causal understanding, and additional factors that may influence
memory and comprehension.

One factor that may contribute to the development of causal understanding is
attention. The link between attention skills and causal understanding is suggested by
research with children diagnosed with ADHD (Lorch, O’Neil et al., 2004; Lorch, Diener
et al., 1999; Lorch, Sanchez et al., 1999) and research showing relations between
attention and school achievement, in particular reading achievement (Burns et al., 2007;
Rabiner, Coie, & The Conduct Problems Prevention Research Group, 2000; Rapport,
Scanlan, & Denney, 1999; de Jong, 1993; Fergusson & Horwood, 1992). No study has
examined how the attention of children without diagnosed attention deficits influences

causal understanding. The model of early causal understanding in Figure 1 proposes that



child cognitive skills, particularly attention skills, impact school readiness and
achievement directly and through early causal understanding. The current study operates
within this model to describe individual differences in the development of causal
understanding by employing storytelling and CDA coding procedures, identifying factors
that influence the use of causal understanding, and examining individual differences in
attention as another influence for individual differences in early causal understanding in
discourse.
The Use of Causal Connections in Young Children

Studies of narrative causal understanding in very young children often use
storytelling procedures to elicit narratives, which are examined for their causal coherence
(e.g., Trabasso & Nickels, 1992). Causal discourse analysis (CDA) is a coding procedure
used to identify the causal structure of narratives (Trabasso & Wiley, 2005; Trabasso &
Nickels, 1992; Trabasso, van den Broek, & Suh, 1989; Trabasso & van den Broek, 1985).
CDA is performed on a text representation of a narrative and depicts the causal
connections between the goals, attempts, and outcomes (Trabasso & Nickels, 1992).
Figure 2 depicts a CDA for a set of clauses from a narrative based on a wordless picture
book. Causal connections are represented by the arrows between clauses, which point
from the antecedent to the consequence. In this analysis, causal connections are
determined by necessary and sufficiency criteria (Trabasso et al., 1989).

Several studies employing storytelling and CDA procedures have shown large age
differences in the ability to make causal connections during story narration. Specifically,
3- and 4-year-old children tend to produce fewer connections than older children and

adults (Trabasso & Nickels, 1992; Trabasso, et al., 1992). The studies conclude that 4-



year-olds are able to make causal connections, but do so inconsistently. This is confirmed
by research showing that 4-year-olds can use causal connections in recall, but less
reliably than 6-year-olds and adults (van den Broek, 1996). In contrast, 3-year-olds are
reported not to have this ability (Trabasso & Nickels, 1992; Trabasso, et al., 1992).
Research by Berman (1988; Berman & Slobin, 1994) suggests that the development of
narrative ability does not begin until age 5. She concludes that 3- and 4-year-olds lack
grammatical knowledge, but 5- and 7-year olds know what is expected during
storytelling.

Although there is evidence of a developmental trend, the research does not
provide consensus as to when causal understanding begins to develop. Some research
even suggests that children younger than age 3 can use causal connections in imitation
and recall under different situations (Wenner & Bauer, 1999; Travis, 1997; Bauer, 1992).
For example, Bauer and Shore (1987) found that infants between 17 and 20 months
recalled more actions and the order of pairs of actions for novel, causally connected
sequences compared to novel, arbitrarily ordered sequences. Other research shows that
15-month-old children can identify causes in causal chains (Cohen, Rundell, Spellman, &
Cashon, 1999). This research indicates that children younger than 3-years-old can use
causal connections in tasks with physical objects, which implies a causal understanding at
an age earlier that what is proposed in the storytelling literature.

The current study extends the previous research by examining individual
differences in the use of causal connections in preschool age children. A review of the
literature suggests that causal understanding in discourse may begin to develop between

the ages 3 and 5 and that three factors, in addition to age, influence this understanding.



The three factors include the complexity level of causal connections, the distance over
which connections must be made, and the narrative context, which may all impact the use
of causal relationships by young children. Previous research suggests that age is perhaps
the most influential factor in children’s production of story narratives. However,
examinations into the role of other factors are either sparse or inconsistent. The model
that is tested in the current study is shown in Figure 3. The model shows how the three
factors and age may influence causal understanding during the early stages of its
development. The current study uses this framework, based on suggestions made by
previous research, to tests the relations among these factors.
Complexity of Connections

The increasing ability to understand and communicate more complex causal
connections can serve as evidence of increasing causal understanding. This is supported
by research indicating that some types of causal connections are evidenced at younger
ages than others. Four-year-olds are more likely than 3-year-olds to refer to the overall
plot of a wordless picture book (Berman, 1988), relate the characters in a story (Trabasso
et al., 1992), connect statements of attempts with purposes (Trabasso et al., 1992), and
relate stories to a conclusion (Trabasso et al., 1992). Four-year-olds also tend to produce
more attempts in general (Trabasso & Nickels, 1992) and mention more initiating events
(Trabasso et al., 1992). This suggests that these types of causal connections are more
developed at age 4 than at age 3 and begin to develop during the preschool years. Three-
and 4-year-olds perform similarly, but worse than older children and adults, at reinstating
goals after failed attempts (Trabasso et al., 1992), producing goal-attempt-outcome

(GAO) episodes (Trabasso & Nickels, 1992), and referring to the overall theme (Berman,



1988). The use of connections in these instances may not develop until after age 4. For
example, 3- and 4-year-olds may be equally poor at making goal-related connections
after failed attempts to achieve the goal. Although these studies suggest that connections
develop at different ages depending on type, they lack a method for defining and
investigating the complexity of the different types of connections.

Trabasso et al. (1989) defines four types of connections that provide a method for
studying the complexity of causal connections. Connections are categorized as enabling,
physical, motivational, and psychological based on two criteria. The necessity criterion
employs the counterfactual tests that if A (the antecedent) had not happened in the story,
than B (the consequence) would not have happened. The sufficiency criterion states that
the occurrence of A leads to the inevitable occurrence of B. Physical, motivational, and
psychological relations found in narratives fulfill both causal criteria. Enabling relations,
however, only fulfill the necessity criterion. The former three types of connections do not
differ on the two criteria, but in the type of information contained in A and B. Physical
connections contain no goal information or internal states whereas motivational
connections contain goal information in the antecedent (A) and psychological connections
contain internal states or reactions in the consequence (B). Figure 2 labels each causal
connection by type for a set of narrative clauses (e for enabling, phi for physical, m for
motivational, and psi for psychological).

These definitions of four types of connections suggest that enabling relations are
the least complex and that motivational and psychological relations are the most
complex. This is also suggested by research with infants, which indicates that the use of

enabling relations may develop prior to other connections. Children as young as 16 and



20 months are able to imitate events with enabling relations compared to temporally
ordered, but arbitrarily related events (Wenner & Bauer, 1999; Bauer, 1992). Compared
to arbitrarily ordered events, the exact sequence is necessary to the final product in events
with enabling relations. Travis (1997) demonstrated 24-month-old children’s
understanding of enabling relationships through their imitation and clustering of events
around goals. This suggests that infants can not only imitate causal relationships within a
sequence, but also make use of those relationships in order to complete a task. Similarly,
research with older children and adults shows that causal relationships are used to
remember and comprehend information (Lorch, Diener et al., 1999; Lorch, Sanchez et al.,
1999; Rizella & O’Brien, 1996; van den Broek & Trabasso, 1986; Trabasso & van den
Broek, 1985; Trabasso et al., 1984).

Trabasso and Nickels (1992) examined the relative frequencies of the four types
of relations in story narratives. Enabling relations were utilized more than other relations
within episodes that contained a goal, attempt, and outcome (GAO episodes) for all ages.
Three- to 5-year-old children relied more on enabling relations than older individuals.
Enabling, psychological, and motivational connections were utilized equally between
GAO episodes. Physical connections were not used at all. For 4-year-olds, however,
enabling relations were most frequent and motivational relations were less frequent.
Although the Trabasso and Nickels (1992) study finds that younger children rely more on
enabling connections, their analyses is limited to the number of connections that occur
within and between GAO episodes. The ability to produce such episodes is limited in
preschool children. Three- to 5-year-old children produced more non-GAO episodes than

GAO episodes (Trabasso & Nickels, 1992). Analyses of the production of causal



connections according to GAO episodes may underestimate the ability of preschool
children. Therefore, it is unclear as to the role of the different types of connections in the
development of causal understanding. Studies that investigate the use and understanding
of each type of causal relations in a more age-appropriate way are needed. The current
study describes individual differences in the productions of enabling, physical,
motivational, and psychological connections independent of GAO episodes.

Narrative Distance and Causal Connections

Previous research also examines the influence of narrative distance on the ability
to make causal connections as evidence of increasing causal understanding. To measure
narrative distance, connected events, ideas, goals, etc. are often categorized in terms of
local or global distance. For example, in aurally presented narratives, local narrative
distance describes events that are causally connected but occur temporally close together
compared to global narrative distance that describes events that are connected but occur
temporally far apart. Narrative distance may also be measured continuously by the
number of clauses or idea units between two connected events.

Berman and Slobin (1994) investigated the global and local structuring of
narratives produced by 3-, 4-, 5-, 9-year-old, and adult speakers of five different
languages. An average of 14% of 3-year-olds, 33% of 4-year-olds, 57% of 5-year-olds,
85% of 9-year-olds, and 97% of adults mentioned at least one of three components
needed for global structure (i.e., plot onset, plot unfolding, and plot resolution). The
percentages decreased when the researchers examined whether all three components were
mentioned to 3% of 3-year-olds, 14% of 4-year-olds, 34% of 5-year-olds, 66% of 9-year-

olds, and 92% of adults. The results indicate that preschool children could make



connections globally, but rarely connected all the pieces of the story. Furthermore, 5-
year-olds could include all three components into global structure, but did so
inconsistently.

To assess local structure, narratives were examined for components that
connected the actions, states, and characters of a single page (Berman & Slobin, 1994).
Three- and 4-year-old children were more likely to mention none of the components or
only those containing background elements. Five-year-olds mostly narrated the plot-
advancing components and rarely mentioned the background elements. Adults and 9-
year-olds narrated plot-advancing components and rarely narrated other components.
Furthermore, 9-year-olds and adults were the only participants to narrate motivational
components. Local structure was further assessed by examining the connections
individuals narrated between two pages of the wordless picture book. Three- and 4-year-
olds were less likely to connect the pages, although some 4-year-olds implied relations. A
few 5-year-olds, half the 9-year-olds, and most adults produced statements that connected
the pages. Although Berman (2004) posits that the organization of narrative begins with a
sequential chaining stage, followed by a stage of local causal relating, and ending with a
global organizing stage, the findings from Berman and Slobin (1994) suggest that both
global and local structure are equally difficult for preschool age children to narrate.
However, local and global structure defined by Berman and Slobin (1994) cannot be
explicitly compared due to differences in measurement. For example, connections within
narrative are defined and categorized differently for the two types of structures.

Trabasso and Nickels (1992) investigated distance by classifying connections in

terms of within and between episodes. They found that all individuals produced more



within episode connections than between episode connections and that the proportion
steadily increased with age. Although between episodes connections increased with age,
within episode connections increased more rapidly. This suggests that all individuals use
more within episode connections in general and continue to do so over time. However,
the number of within episode and between episode connections was calculated based on
GAO episodes produced during narration. The production of such episodes is limited in
very young children (Trabasso & Nickels, 1992), which may explain the low numbers of
those connections found in their narratives. It is not clear from previous research whether
the development of causal understanding in discourse is also evidenced by the use of
causal connections over increasing distance.

In order to investigate the role of narrative distance in the early causal
understanding, the current study employs two measures of causal distance. One measure
defines within and between connections in terms of scenes that are based on boundaries
inherent in the wordless picture books. This is a more accurate assessment of the distance
of children’s connections because it does not rely on other aspects of narrative production
(i.e., the production of GAO clusters). Another measure of causal distance is the number
of story ideas from antecedent to consequence per connection, independent of book
scenes (see Figure 2). No study has examined narrative distance using a continuous
measure. It is expected that, in the current study, younger children compared to older
children narrate connections over shorter distances.

Narrative Context
The ability to produce causal connections during narrative tasks may be

influenced by the narrative context. Several studies show that context has a diverse set of
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definitions and influences the structure of children’s narratives. Berman (2004), for
example, describes three types of elicitation methods for narratives and posits that they
share developmental patterns and paths. However, the relationship between the
developmental paths is not perfect and child performance may depend on the cognitive
demands of the method employed (Berman, 2004; 1995). For example, preschool
children found narratives from unfamiliar scripts (e.g., “What happens when people
quarrel?”’) difficult to organize, but could temporally organize narratives for familiar
scripts (e.g., doctor’s visit) and personal experiences (Berman, 2004).

Berman (1995) lists familiarity and episodic complexity as contextual factors that
influence children’s narrative structure. Younger children tell better narratives in familiar
situations and for familiar scripts. Children ages 3 to 9 almost always successfully
produce narratives for scenarios that can be treated as single episodes compared to those
that consist of multiple episodes. For example, narratives elicited from picture-sequences
and wordless picture books were temporally sequenced, but single pictures were
described in isolation. This suggests that, in general, stories based on Frog, Where are
You? may be more difficult for young children.

A study by Pearce (2003) contradicts the conclusions made by Berman (1995).
The study found that 5-year-old children told longer and more complex stories to
accompany a wordless picture book than to a single scene picture (Pearce, 2003).
Children narrated more goal-oriented stories, complex episodes, embedded episodes, and
interactive episodes for the wordless picture book. More descriptive, fragmented, and

abbreviated episodes were narrated for single scene pictures. Previous research, therefore,
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offers little consensus on how to define context complexity and its role in children’s
production of narratives.

In the study of the use of causal connections during narrative, Trabasso et al.
(1992) define the complexity of the narrative context based on the complexity of goals
present in books used in storytelling procedures. Trabasso et al. (1992) showed that the
presence of a physical goal object increased goal identification by 4-year-olds while its
absence reduced goal identification. Research has shown that the story goals are
important for causal inferences, which result the production of causal connections
(Trabasso & Wiley, 2005; Wenner, 2004; Trabasso et al., 1989; van den Broek, 1989;
van den Broek & Trabasso, 1986). Therefore, the presence of a physical goal object may
influence children’s ability to identify the goal as well as their ability to make causal
connections based on the goal. Trabasso et al. (1992) also found that the proportion of
attempts with purposes was higher when the goal object was present in most of the
pictures (.53; A Boy, a Dog, and a Frog) compared to when it is mostly absent (.17; Frog,
Where are You?). It appears as if the repeated appearance of a goal object facilitated the
identification of the book’s goal. This confirms the position that goal identification
supports the production of causal connections.

The current study extends the definition of goal complexity proposed in Trabasso
et al. (1992) by categorizing three wordless picture books on two dimensions. The first
dimension identifies whether the goal is a physical object or is abstract whereas the
second dimension identifies whether the goal is mostly present (explicit) or absent
(implicit) throughout the pages of the book. Books with both an abstract and implicit goal

can be considered complex. Preschool children may be less likely to identify these goals

12



compared to less complex goals. As a result, children may have difficulty making
connections that relate complex goals to subordinate goals, actions, states, etc.
Attention and Causal Understanding

Little research has made an attempt to explain the mechanisms underlying the
development of causal understanding. Some researchers propose that narrative or
grammatical knowledge is necessary (Berman & Slobin, 1994; Trabasso et al., 1992;
Trabasso & Nickels, 1992). Trabasso and Wiley (2005) state that the ability to produce
causally coherent narratives requires “the use of knowledge of human goals, goal plans,
their related actions, and the outcomes that affect goal success or failure” (p. 130).
However, this explanation is simply an interpretation of differences between age groups
and is based on little empirical evidence.

Attention skills have been implicated in the comprehension of causal information
in narratives and this research also extends to the use of causal connections in narrative.
Trabasso and Stein (1994) proposed that the ability to make goal plans and inferences
require working memory.

The child who narrates events needs to attend to and maintain the current event in

working memory; to activate and retrieve prior knowledge relevant to the events,

either in general or from earlier parts of the story, in order to interpret and explain

the current event; and to integrate these interpretations into a context within a

plan, all within the limitations of knowledge and working memory (p. 327).
Tannock, Purvis, and Schachar (1993) showed poorer recall of narratives for children
diagnosed with ADHD compared to nonreferred children. Renz et al. (2003) compared

the Frog, Where are You? narratives of 9- to 11-year-old boys with ADHD to those of

13



nonreferred children. Boys with ADHD were less likely than comparison boys to narrate
the completion of the overall goal when first telling the story, but not during the second
telling. They also produced fewer goal-based attempts during both narrations, but there
was a trend towards similar performance between groups. The results indicate that
attentional deficits may inhibit children’s ability to produce causal connections, but that
children with attentional deficits can improve with repeat performance or practice.
Therefore, attentional abilities may have a greater influence on initial narrative
performance compared to subsequent performance.

Milich and Lorch (1994) developed and employed a television methodology in
order to compare the comprehension of causal connections of children with ADHD and
nonreferred children. Participants watched television during both a no-distracter and
distracter condition and answered questions following each viewing. In one study, Lorch,
Sanchez et al. (1999) found no significant differences in recall between the ADHD and
comparison groups of children. The study did show that causal structure aided the recall
of 4- to 7-year-old children, but had less of an effect on the recall of those with ADHD.
Specifically, the number of causal connections in a story was a stronger predictor of
comparison children’s recall. Further analysis showed that causal structure was equally
influential for both groups in the no-distracter condition, but not in the distracter
condition. Similarly, Lorch, Diener et al. (1999) showed that causal structure aided recall
in 7- to 11-year old children. Lorch, O’Neil et al. (2004) replicated these results using
aurally presented narratives. These studies, like Lorch, Sanchez et al. (1999), found that

children with ADHD benefited less from causal structure than the comparison group.
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Responses to factual and causal comprehension questions were also compared
among the groups. Sanchez et al. (1999) found that 4- to 6-year-old comparison children
performed better than children with ADHD on causal questions during both conditions.
Later studies showed that comparison children performed better than those with ADHD
on causal questions only during the distracter condition (Lorch, Eastham et al., 2004;
Lorch et al., 2000) and the two groups of children did not differ on factual questions.
Differences in causal comprehension disappeared when visual attention was taken into
account (Lorch et al., 2000); time spent in long looks (i.e., looks >15s; attentional inertia)
mediated differences in causal comprehension (Lorch, Eastham et al., 2004). Children
with attentional deficits can perform at typical levels when they can allocate their
attention similarly to comparison children. Studies by Lorch and colleagues (Lorch,
Eastham et al., 2004; Renz et al., 2003; Lorch et al., 2000; Lorch, Diener et al., 1999;
Lorch, Sanchez et al., 1999) suggest that attention skills are important for causal
understanding across a range of ages.

Individual Differences in Attention and Causal Connections

Although the research with children diagnosed with ADHD provides insight into
the influence of attention in causal understanding, it does not adequately explain the role
of individual differences in normal attention on the development of causal understanding.
Flory et al. (2006) did find that individual differences in sustained attention mediated
group differences (between children with and without ADHD) in the narrating of
outcomes and GAO sequences for Frog, Where are You? Within the current model (see
Figures 1 and 3) individual differences in attention skills influence children’s ability to

use and comprehend causal connections. Recent brain and behavioral research has led to
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the development of the attention network tasks (Rueda et al., 2004; Berger, Jones,
Rothbart & Posner, 2000), which use reaction time and accuracy as measures of
attentional ability and allow individual differences to be assessed (Burns et al., 2007;
Weatherholt, Harris, Burns, & Clement, 2006; Chang & Burns, 2005; Mezzacappa,
2004). Three attentional abilities and their network of brain areas have been identified,
orienting, alerting, and executive (Fernandez-Dugue & Posner, 2001; Berger & Posner,
2000).

Alerting network. The alerting network accounts for the ability to achieve and
maintain alertness and is most related to the right frontal lobe, the right parietal lobe, and
the locus coeruleus (Fernandez-Duque & Posner, 2001; Posner & Petersen, 1990). An
alert state allows individuals to respond to stimuli more quickly and is thought to support
orienting attention. This ability is present as early as infancy (Rueda et al., 2004). The
functions of this network have been studied using trials presented at variable intervals
and trials accompanied by warning tones (Rueda et al., 2004; Ruff & Rothbart, 1996).
The alerting task used in current study incorporates random trials with random occurring
warning tones. This network is related to motivation orientation and the interaction of
temperament and motivation (Posner & Rothbart, 2007; Chang & Burns, 2005).

Orienting network. The orienting network accounts for shifts in attention, which
can occur either overtly or covertly (Fernandez-Duque & Posner, 2001; Posner &
Petersen, 1990). It controls both the engagement and disengagement of attention.
Orienting “helps to select areas of the visual field that should be fixated” (Posner &
Rothbart, 2007, p. 63) and the alerting network engages when sustained attention is

involved. It is most associated with the superior parietal lobe, the lateral pulvinar nucleus,
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and the superior colliculus (Posner & Rothbart, 2007; Fernandez-Duque & Posner, 2001;
Posner & Petersen, 1990). Orienting attention is seen in children as young as 3 months
(Ruff & Rothbart, 1996; Cohen, 1972), but seems to be externally controlled (Posner &
Rothbart, 2007; Ruff & Rothbart, 1996; Cohen, 1972). That is, orienting responses are
heavily influenced by the external properties of the stimulus object (DeLoache, Rissman,
& Cohen, 1978; Cohen, 1972). Internal control of orienting attention marks the
emergence of inhibitory abilities (Ruff & Rothbart, 1996) and the executive attention
network (Posner & Rothbart, 2007).

In order to study orienting attention, research often employs paradigms in which a
cue precedes a target stimulus (Posner & Rothbart, 2007; Berger et al., 2000). The
superior parietal lobe shows increased activation when orienting after a cue (Posner &
Rothbart, 2007). Studies show that individuals respond rapidly to a target location if the
location is preceded by a cue (Posner & Rothbart, 2007; Berger et al., 2000). Response
time decreases when individuals are cued to a location different from the target stimulus
location. The temporal parietal junction is especially active during trials with cue-target
incongruence (Posner & Rothbart, 2007). The current study employs an orienting task
that includes cues to stimulus location and cues to the opposite location.

The behavioral effects of orienting attention are similar for adults and children as
young as 4 months, which suggests the involvement of similar brain areas across the
lifespan (Posner & Rothbart, 2007). Preschool performance on orienting tasks is related
to effortful control, motivation orientation, and the interaction between temperament and

motivation (Chang & Burns, 2005).
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Executive network. The executive network manages goal directed behavior,
planning, target detection, conflict resolution, task switching, the inhibition of automatic
responses, and the allocation of attentional recourses (Fernandez-Duque & Posner, 2001;
Posner & Petersen, 1990). In addition to regulating cognition, this network is also
involved in the regulation of emotions (Posner & Rothbart, 2007). Generally, the
executive network is associated with the anterior cingulate gyrus, the supplementary
motor area, the orbitofrontal cortex, the dorsolateral prefrontal cortex, and portions of the
basal ganglia and thalamus (Fernandez-Duque & Posner, 2001; Posner & Petersen,
1990). The ventral area of the anterior cingulate may be related to emotion regulation
whereas the dorsal area may be related to cognition regulation (Posner & Rothbart,
2007).

The executive attention network is involved in the detection and resolution of
conflict, the detection of error, and the production of novel ideas (Posner & Rothbart,
2007). Thus, tasks involving these skills may be used to measure differences in this
network. Conflict tasks, such as the Stroop task, require one to suppress a dominant
response and execute a less dominant response (Posner & Rothbart, 2007). Research
employing conflict tasks with children show that the executive attention network begins
to develop around age 2 and dramatic improvements appear during age 3 and between
ages 4 and 7 (Posner & Rothbart, 2007; Rueda, Rothbart et al., 2005; Rueda et al., 2004;
Gerardi-Caulton, 2000). Although reaction time for such tasks decreases steadily from
age 4 to adulthood, Posner and Rothbart (2007) propose that abilities associated with the

executive network remain fairly stable after age 7 (Rueda et al., 2004). The current study
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uses a spatial conflict task designed by Berger et al. (2000), which is appropriate for
children as young as 2-years-old (Posner & Rothbart, 2007; Gerardi-Caulton, 2000).

Previous research shows that this network, as measured by a spatial conflict task,
is related to effortful control (Chang & Burns, 2005; Rueda, Posner, & Rothbart, 2005;
Gerardi-Caulton, 2000), analogical reasoning and IQ (Posner & Rothbart, 2007;
Weatherholt et al., 2006; Rueda, Rothbart et al., 2005), and reading achievement (Burns
et al., 2007). This research and similar research on causal connections (van den Broek et
al., 2000; Rizella & O’Brien, 1996; van den Broek & Trabasso, 1986; Trabasso & van
den Broek, 1985) indicate that the executive network may important for the development
of causal understanding.

Summary

Two experiments describe individual differences in the use of causal connections
by preschoolers as well as factors that may influence those individual differences. The
first experiment examines these differences according to age, types of causal connections,
distance of connections, and goal complexity. Previous research describes age-related
differences in some attributes of causal use, but disregards individual differences (e.g.,
Trabasso & Nickels, 1992). The second experiment examines the relation among
individual differences in attention and individual differences in the use of causal
connections. Research on ADHD suggests relations between the two skills in that
children diagnosed with attentional deficits show poorer use of causal connections during
narration and comprehension (e.g., Lorch, Sanchez et al., 1999; Lorch, Eastham et al.,
2004). Experiment 2 tests the hypothesis that attention, as defined by the attention

network model of attention, can explain some of the differences in causal understanding.
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Figure 3 depicts a model that includes the hypothesized influences on early causal
understanding. The model (see Figure 3) includes both child factors (e.g., age and
attention skills) and factors inherent in narrative tasks (e.g., context, complexity of causal

connections, and distance of causal connections).
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EXPERIMENT 1
Describing the Use of Causal Connections in Young Children

The ability of young children (e.g. 3- to 5-year-olds) to use causal connections in
narrative is assessed through elicitation methods in which children create or narrate
stories that accompany wordless picture books or short picture sequences. Books by
Mercer Mayer, specifically Frog, Where are You? (Mayer, 1969), are the most widely
used and accepted stimuli (see Renz et al., 2003; Berman & Slobin, 1994; Trabasso et al.,
1992; Trabasso & Nickels, 1992). Comprehension of aurally presented narratives is also
used to assess causal understanding, particularly in older children (Lorch, Eastham et al.,
2004; Lorch et al., 2000). The current study uses a storytelling elicitation method to offer
a more in-depth examination of individual differences and factors that influence the early
stages in the development of causality understanding. In addition to the influence of age,
the study describes individual differences in the complexity and distance of the causal
connections that preschool children produce and how goal complexity influences those
aspects of narrative production (see Figure 3). The following hypotheses are examined in
a preschool sample because the early stages of development in the use causal connections
are reported to begin around ages 3 and 4 (Trabasso et al., 1992; Trabasso & Nickels,

1992).
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Hypotheses 1: Three-year-old children can produce causal connections, but not as often
as 4-year-old children.

Studies regarding the use of causal connections in young children conclude that 3-
year-olds are not capable of producing causal connections during storytelling (Berman &
Slobin, 1994; Trabasso et al., 1992; Trabasso & Nickels, 1992). Research on infants’ use
of causal relations contradicts the storytelling research and demonstrates that children
under 2-years-old can use simple relations to complete tasks (Wenner & Bauer, 1999;
Travis, 1997; Bauer, 1992; Bauer & Shore, 1987). Cohen et al. (1999), employing a
habituation procedure, demonstrated that 15-month-old children can identify the cause in
a three-step causal chain and differentiate between causally and temporally ordered
sequences. Research concerning the causal understanding of infants employs tasks that
contain observable, physical events with a small number of actions (van den Broek,
1997). On the other hand, storytelling procedures require the complex structuring of a
larger number of events. These task differences may partly explain differences in
findings.

Although the infant research does not employ storytelling procedures, it implies
that very young children should be able to understand and use causal connections in
narrative. Therefore, the current study predicts that 3-year-olds will use causal
connections when narrating stories. A closer examination of the early stages of the use of
causal connections during a story narrative task will contribute to the knowledge

regarding the development of causal understanding.
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Hypothesis 2: The number of complex causal connections increases with increasing age.

The definitions of four types of connections based on two criteria suggest that
some causal connections are more complex than others (Trabasso et al., 1989). Enabling
connections are the least complex because they satisfy only one criterion. Physical
connections are of middle complexity because they satisfy both criteria. Motivational and
psychological connections can be considered the most complex because they satisfy both
criteria and contain information about goals and internal states. Although Trabasso and
Nickels (1992) found that certain types of connections are used more frequently by
individuals of all ages, their analysis of the type of connections is limited because
frequencies are only report for connections that fall within GAO episodes. This analysis
is dictated by the narrator’s ability to produce GAO episodes, which Trabasso and
Nickels (1992) also found was limited in preschool children.

The present experiment describes the pattern of causal connections across the
overall narratives produced by very young children. It is expected that enabling relations
will appear most often followed by physical connections and then motivational and
psychological connections. Furthermore, the experiment will examine whether
frequencies in the production of the types of connections change across time.

Research is unclear as to how age impacts the use of different types of
connections. Trabasso and Nickels (1992), for example, showed that all types of
connections increase with age. Although they provide definitions that form the basis for
analyzing the complexity of connections, they do not describe whether the rate of age-
related increases differs according to connection type and only provide general

description of use by preschool children. Infant research offers some evidence that
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children under age 2 understand enabling relations (Wenner & Bauer, 1999; Travis, 1997,
Bauer, 1992). Little else is known about the role of connection complexity in the
development of causal understanding. The current experiment examines changes in the
use of enabling, physical, motivational, and psychological connections during the early
stages of causal development.

Hypothesis 3: The distance of children’s causal connections increases with increasing
age.

The study assesses the distance over which children make causal connections in
an attempt to clarify the findings of Berman and Slobin (1994) and Trabasso and Nickels
(1992). The current study uses a measure of distance that classifies connections according
to two categories (i.e., within-scene and between-scene) and a continuous measure across
the entire narrative, independent of category. Consistency in measurement across
categories allows for the comparison of within- and between-scene connections, which
was not capable in Berman and Slobin (1994). It is expected that continuous measures is
more sensitive to age-related improvements and individual differences.

Hypothesis 4: The coherence of children’s stories varies according to goal complexity.

In order to examine the influence of goal complexity, the current study extends
the technique described by Trabasso et al. (1992). The current study defines goal
complexity on two dimensions. The goal of a story is first classified as to whether it
contains a physical goal object or a nonphysical goal (e.g., state of mind) and then
classified as explicit or implicit. A third book was added to the two used in Trabasso et
al. (1992) in order to examine how an abstract goal influences the causal coherence of

narratives.
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It is expected that preschool children’s narrations will depend on goal complexity
and that this dependence decreases with age. Previous research shows that preschool
children identify goals more often when the physical goal object is present compared to
when it is absent. In addition, narrations of attempts with purposes are higher when the
goal object is seen in most of the pictures compared to when it is mostly absent (Trabasso
et al., 1992). It is also expected that the use of causal connections in more complex
contexts will increase with age. Berman (2004) proposes that older children approach
narrative tasks “in a more autonomous, less context-dependent fashion than younger
children” (p. 273). Thus, the influence of goal complexity should decrease with
increasing age.

METHOD

The study employs a mixed design, incorporating both cross-sectional and
longitudinal methods. As part of a larger study, 3- and 4-year-old children were assessed
individually at their preschool at the beginning of the school year and 6 months later.
This mixed design allowed for the investigation of the development of causal connection
production in the same children across time.

Participants

Sixty-eight 3- and 4-year-old children were recruited from a local, private
preschool. Data for 10 participants were removed from analyses due to incomplete data.
Data from two participants were removed because they did not complete the initial
storytelling assessment, seven were removed because they did not complete the 6-month
storytelling assessment, and one was removed because of incomplete attention game data.

The final sample included 58 children consisting of 27 boys (46.6%) and 31 girls
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(53.4%). The participants included 31 3-year-olds and 27 4-yearolds. At the initial
assessment, the age range was from 36 to 60 months (M= 46.81, SD=7.72) and at the 6-
month assessment, the range was 42 to 66 months (M= 53.19, SD=7.70).

This sample age is important because previous research indicates that causal
understanding begins to develop during the preschool ages (Trabasso et al., 1992;
Trabasso & Nickels, 1992) and the current study attempts to identify factors that
influence the early stages of this development. There were no restrictions according to
gender or ethnic background.

Materials

The Kaufman Brief-Intelligence Test (KBIT; Kaufman & Kaufman, 1990) was
used to measure of general cognitive ability. It is an individually administered measure
designed for 4-year-old children to adults. There are two subtests, the vocabulary and
matrices subtests. The vocabulary subtest measures expressive vocabulary through
picture naming. The matrices subtest measures analogical reasoning through the
completion of picture-based analogies. The current study uses raw scores instead of
standard scores because the KBIT is not standardized for children below 4-years-old. The
use of raw scores is appropriate due to the small age range of the sample. In order to
account for age differences in raw scores, chronological age was entered as a covariate
for all analyses with KBIT.

Three different wordless picture books by Mercer Mayer were used to elicit story
narratives from children, A Boy, a Dog, and a Frog (1979), Frog, Where are You?
(1969), and One Frog Too Many (Mayer & Mayer, 1977). Each book contains 24 (or 25)

pictures to which the children narrated a story. The pages of each book were placed in
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binders and only one picture appeared on each page. Frog, Where are You? (Mayer,
1969) is commonly employed in research investigating narrative development and the use
of causal connections (Renz et al., 2003; Berman & Slobin, 1994; Trabasso et al., 1992;
Trabasso & Nickels, 1992). A Boy, a Dog, and a Frog (Mayer, 1979) was combined with
Frog, Where are You? (1969) in order to investigate the influence of goal complexity on
children’s narratives (Trabasso & Nickels, 1992). One Frog Too Many (Mayer & Mayer,
1977) was added to investigate another component of goal complexity; the ability to
causally connect using a book with a nonphysical goal. Goal complexity is defined
below.

The books were randomly chosen for each child at each assessment point. At the
initial assessment, 20 children narrated stories for A Boy, a Dog, and a Frog (Mayer,
1979), 17 children narrated for Frog, Where are You? (Mayer, 1969), and 21 narrated for
One Frog Too Many (Mayer & Mayer, 1977). At the 6-month assessment, 23 children
narrated stories for A Boy, a Dog, and a Frog (Mayer, 1979), 18 children narrated for
Frog, Where are You? (Mayer, 1969), and 17 narrated for One Frog Too Many (Mayer &
Mayer, 1977). Story narratives resulting from the elicitation procedure were analyzed for
the production of causal connections according to CDA procedures. Table 1 lists and
describes all storytelling variables produced from CDA. An advantage of analyzing story
narratives is that children narrate similar sets of events that can be compared.

Procedure

Children were assessed during multiple sessions at the beginning of the school

year. All assessments were individually administered. Cognitive ability, measured by the

KBIT, was assessed in the first session and storytelling was assessed in the third session.
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Children’s storytelling was assessed again 6 months later. For the storytelling assessment,
children received a different book at each time period. Each child was given a warm-up
task, in which he or she told the experimenter a story from memory. The title of the book
was told to the child and the experimenter stated the following instructions.

We’re going to look at a story with a lot of pictures. Later, you are going

to tell me the story. First, we will just look at the pictures. Remember,

we’re just looking at the pictures and we’re not going to talk about them.
The experimenter turned the pages as the child looked at each page. After which, the
child was asked to make up a story to go along with the pictures of the book. The
experimenter stated the following instructions: “Now, we will look through the story
again. This time I want you to tell me the story.” Children were audiotaped and the
experimenter turned the pages of the book. If the child needed prompting to continue
with the story, the experimenter used the prompts “What happened next?” to keep the
story going, or “Good job” as an encouraging statement. All experimenter prompts and
statements were recorded and transcribed.
Coding Procedure

Stories were transcribed verbatim and coded according to the causal discourse
analysis (CDA) outlined in research by Trabasso and colleagues (Trabasso et al., 1989;
Trabasso & Sperry, 1985; Trabasso & van den Broek, 1985). All transcriptions were
checked by an independent transcriber. Each story narrative took approximately 60
minutes to transcribe and 30 minutes to check.

The narratives were initially coded using a procedure based on CDA. This

procedure was altered considerably by the primary coder. The primary coder then visited
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one of the original authors of the coding system and was trained in CDA. A new protocol
was established that included minor changes to CDA. The changes did not influence the
identification of causal connections, but subordinate goals, accompanying outcomes, and
attempts were not coded for. The primary and other coders trained using empirical
articles that described and employed CDA, the written protocol for coding,
demonstrations, group discussions, and sample transcriptions. The sample transcriptions
included narratives from two preschool-age children that did not participate in the study
and a small number of narratives from the current study.

All narrative transcripts were then recoded to comply with CDA coding
procedures. Each story narrative was coded independently by two coders. Each took
approximately 45 to 60 minutes to code. The two coders then met to discuss the coding of
each narrative until an agreement was made on all codes. Thirty percent of the narratives
were coded by two other coders in order to establish reliability. Reliability coders coded
each narrative independently and then met to agree on the coding.

Identifying information was not included in transcriptions of story narratives. A
participant number identified the story narratives at all levels of transcribing, coding, and
analyses. All coders were blind to the hypotheses of the current study. Hypotheses were
developed after the collection and coding of all data.

Before coding, narratives were partitioned into story nodes, which are defined as
statements that may consist of a subject and predicate. Clauses, a statement that includes
a subject and predicate, were not used due to 3- and 4-year-old children’s limited
language abilities. Story nodes can account for missing subjects often present in young

children’s language as well as allowing for the parsing of complex clauses. For example,
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a child might say “Went looking for the frog” instead of “The boy went looking for the
frog.” Using story nodes allows both the former statement and complete clauses to be
included in analyses. The number of story nodes was calculated for each narrative.
Causal connections, distance of connections, story outcome, and experimenter prompts
were coded based on the CDA, which is outlined below (see Figure 1 and Table 1).

Causal connections. Causal connections were identified and classified according
to two criteria, necessity and sufficiency (Trabasso & Sperry, 1985; Trabasso & van den
Broek, 1985). The necessity criterion applies the counterfactual argument, “If not A then
not B.” This criterion implies that the consequence is dependent on the cause. The
sufficiency criterion is more specific in that it is used to determine whether A is sufficient
to cause B. All casual connections, however, do not need to fulfill both the sufficiency
and necessity criteria. Enabling relations, for example, do not satisfy the sufficiency
criterion (Trabasso & van den Broek, 1985).

Previous research shows that four types of connections appear in narratives,
enabling, physical, motivational, and psychological (Trabasso & Nickels, 1992; Trabasso
et al., 1989). In all types of connections A should occur temporally prior to B. A
connection is considered motivational if A contains goal information. If A does not
contain goal information and B contains an internal state or reaction, the connection is
considered psychological. If A and B do not contain goal information or an internal state,
the connection is considered physical. In physical, motivational, and psychological
connections A is both necessary and sufficient for B. If A is not sufficient for B, then it is
an enabling connection. The number of each type of connection can be calculated for

each participant.
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Overall goal and outcome. Each narrative was coded for whether it included an
overall goal and outcome. The overall goal should state the central theme of the narrative.
The outcome should resolve or conclude the actions, events, emotion, etc. mentioned in
the overall goal. Goals and outcomes were each coded as 1 if present in the story
narrative and 0 if not present.

Overall coherence. A measure of overall coherence was derived by dividing the
number of story nodes used in causal connections by the total number of story nodes
present in the stories. Story nodes used in causal connections included both antecedent
and consequence nodes. Story nodes used in more than one connection were only counted
once. Thus, overall coherence is defined as the proportion of connected story nodes.

Narrative distance. Narrative distance was measured using three variables, causal
distance and within- and between-scene connections. Causal distance, partly based on
Trabasso et al. (1989), is a continuous variable defined as the average number of story
nodes from antecedent to consequence in each participant’s narrative. For example,
Figure 2 shows that two story nodes are crossed to connect #2 and #4 and five are crossed
to connect #4 and #9. Raw causal distance was calculated by summing all story nodes
between the antecedent and consequence story nodes for all causal connections. For the
final measure of causal distance, the sum was divided by the total number of causal
connections.

As another measure of distance, causal connections were categorized according to
scene categories. Each book was divided into scenes. A new scene was defined as a

change of scenery and/or a change of action in the story. Within-scene connections occur
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within the scene partitions whereas the between-scene connections occur across the
partitions. A total was tallied for each category of connections.

Goal complexity. Before coding the children’s narratives, the goal or overall
theme of each book was identified by the investigator and partly based on Trabasso et al.
(1992). Each book’s complexity was classified based on the complexity of the goal. Goal
complexity was based on two dimensions. One dimension identified whether the goal
object was physical or nonphysical and the other dimension identified whether it was
mostly present (explicit) or absent (implicit) throughout the book.

In A Boy, a Dog, and a Frog the boy and the dog want to catch the frog. This goal
is physical (i.e., frog) and present in 22 of the 25 pictures. Therefore, it is referred to as a
physical and explicit (PE) book. In Frog, Where are You? the boy wants to find the frog
that ran away. This goal is physical (i.e., frog), but is only present in 5 of the 24 pictures.
The book was classified as physical/implicit (PI). In One Frog Too Many the goal is to
get the big frog to like and accept the new little frog. It is a nonphysical goal, since there
is no actual object, and is implicit (NI). Alternative goals, however, that depend on a
child’s topic choice were possible and would be classified according to the two
dimensions. None of the children, however, produced a goal different from the pre-
identified goals.

Goal complexity was dummy coded for analyses as recommended by Cohen,
Cohen, West, and Aiken (2003). Since there are three levels, this resulted in g-1 or 2 new
variables. Frog, Where are You? (PI) served as the reference group because it is the

wordless picture book most often used in previous research. Narratives based on the PI
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book were coded as 0 0, narratives for the PE book were coded as 1 0, and narratives for
the NI book were coded as 0 1.

Experimenter prompts. Experimenter prompts were defined as statements
intended to keep the child engaged and participating in the tasks and were coded after the
child began narrating (not before). Prompts included statements such as “What happened
next?” as well as encouraging statements such as “Good job.” Experimenter prompts
were totaled for each participant’s narrative.

Reliability analyses.

Reliability analyses were performed to assess the reliability of the CDA
procedure. Little is known about the reliability of storytelling procedures used to identify
causal connections in children’s narratives. Trabasso et al. (1992) does report percentage
agreement for the classification of goal plans by two independent coders. Agreement
ranged from 72% to 100% depending on the category. The current study uses intra-rater
correlations as measures of reliability for the coding of causal connections (Shrout &
Fleiss, 1979). Reliability analyses were performed for the total number of connections
produced, types of causal connections, raw distance of causal connections, between- and
within-scene connections, and number of connected story nodes. Thirty percent of
narratives were randomly chosen and coded by two independent coders. Reliability for
the four causal connections was done separately. A new sub sample of 30% the narratives
were chosen after the total number of causal connections was identified. Disagreements
were discussed until an agreement was made. Average inter-rater correlations for

multiple raters are reported in Table 2.

33



RESULTS

Analyses for experiment 1 were performed in order to determine the effect of age
and goal complexity on various measures of children’s use of causal connections during
storytelling. First, preliminary analyses were performed in order to identify possible
confounds. Second, variables were transformed in order to aid analyses and reduce
analyses problems. Hypotheses were then tested, which are accompanied by power
analyses (Faul & Erdfelder, 1992).

Preliminary Analyses.

Two potential confounds were examined, cognitive ability and gender. KBIT raw
scores ranged from 7 to 36 for vocabulary (M = 18.17, SD = 5.58) and from 0 to 22 for
matrices (M = 10.66, SD = 4.12). Four-year-old children had significantly higher raw
scores on vocabulary, t(56) = 54.23, p <.001, and matrices, t(56) = 54.23, p <.001, than
3-year-olds. A multivariate analysis of variance (MANOVA) was used to examine a
relation between cognitive ability and storytelling. The storytelling variables were
entered as the dependent variables, the KBIT vocabulary and matrices raw scores were
entered as independent variables, and chronological age was entered as a covariate (in
order to account for the use of KBIT raw scores). The multivariate F-tests for the initial
and 6-month assessment was not significant for either measure of cognitive ability.
Cognitive ability was not considered in subsequent analyses as a control variable.

Differences on the storytelling variables according to gender were examined by
conducting separate MANOV As for the initial and 6-month assessments. Means for all

storytelling variables are reported in Table 3 for the entire sample and according to
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gender. The multivariate F-tests were not significant and gender will not be controlled in
subsequent analyses.
Variable Manipulation and Analysis Interpretation

Analyses for hypothesis 1 tested whether the 3-year-old subgroup could produce a
degree of coherence when narrating and whether 4-year-old children produce more
coherent stories. Analyses for the research questions examined differences in the number
of the different types of causal connections that were produced and if the pattern of
production remain consistent across time.

Hypotheses 2 through 4 examined whether chronological age and goal complexity
predict individual differences in the use of causal connections using multiple regression
analyses and adding variables in subsequent steps of the models. For these analyses,
chronological age was centered and goal complexity was dummy coded. Cohen et al.
(2003) state that centering chronological age is necessary for interpreting interactions in
multiple regression analyses with indicators that have no real zero (see also Aiken &
West, 1991). To center chronological age, the mean sample age in months (46.81) was
subtracted from the chronological age of individual participants. Thus, a regression
coefficient of 0 corresponds to the mean age, a negative value represents an age below
the mean, and a positive value represents an age above the mean. Centering also reduces
unnecessary multicollinearity between predictors.

Cohen et al. (2003) and Aiken and West (1991) also recommend that categorical
variables should be dummy coded for use in regression analyses. This created two new

variables for goal complexity. The PI book served as the reference group. Participants
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that narrated to the PI book were coded as 0 0. Narratives for the PE book were coded as
1 0 and were coded as 0 1 for the NI book.

Such dummy coding requires unique interpretation of correlations and regression
coefficients and interactions. Correlation analyses of dummy coded variables and other
variables yield point-biserial correlations. This is different from a Pearson correlation in
that it should be interpreted as the correlation between one book versus the other books
and the other variable; for example, the correlation between PE versus other books and
total connections. A correlation is not computed for the PI group because it is the
reference group and coded as 0 0. In order to determine the correlation for the reference
group, the goal complexity variables were recoded and correlation analyses were rerun to
use the NI group as the reference group (see Cohen et al., 2003). This yielded a
correlation for PI versus other books.

For regression coefficients of dummy coded goal complexity variables, the
interpretation requires a more extensive explanation. The general regression equation
with all dependent variables entered is Y = B;PE + BoNI + B3A + B4(PE x A) + Bs(NI x
A) + By, where A stands for chronological age. For narratives to the PI goal (the
reference goal), where PE and NI equal 0, the equation is reduced to Y = B3A + By. Thus,
the slope for PI narratives is Bs. For narratives to the PE goal, where PE = 1 and NI =0,
the equation is Y = (B; + By) + (B3+ B4)A. The slope becomes B3+ B4 and the distance
between PI and the other narratives is B; + By. The equation for NI narratives is reduced
to Y = (B, + By) + (B3t Bs)A, Bs+ Bs is the slope, B, + By is the distance between PI and
the other narratives (Cohen et al., 2003; Aiken & West, 1991). Since these variables can

only take on values of 1 and 0, the corresponding coefficients represent the difference or
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distance between groups on the predicted variable. Significant coefficients for the age by
goal complexity variables suggest an overall difference between the slopes for the three
categories of goals. Post hoc probing is necessary, however, to determine whether the
individual slopes are each significantly different from zero. To do this, regression
analyses were rerun using each goal complexity group as a reference group. This makes
the tests of each group’s slope the test of B3, when all variables are included in the
analysis.

Hypotheses 1: Three-year-old children can produce causal connections, but not as often
as 4-year-old children.

According to infant research (Wenner & Bauer, 1999; Travis, 1997; Bauer, 1992;
Bauer & Shore, 1987), it is expected the 3-year-old children will produce some degree of
causal coherence during storytelling. It is also expected that 4-year-olds will produce
story narratives with more causal coherence than 3-year-olds. Means and standard
deviations are reported according to age group in Table 4 for all the storytelling variables
from the initial assessment.

Hotelling’s T* was performed with 3-year-old children’s storytelling performance
at the initial assessment as the dependent variables. The specific dependent variables
were total connections, overall goal, outcome, and overall coherence. A power analysis
was performed a priori for the effect size of 1. For the current sample, the power to detect
differences was greater than .99. The multivariate test indicated that means were
significantly greater than 0, Wilk's A = .26, F(4, 27) = 19.1, p <.001. Univariate tests
show that means for three of variables were significantly greater than 0; total

connections, F(1, 30) = 48.05, overall goal, F(1, 30) = 16.5, and overall coherence, F(1,
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30) = 68.54, ps <.001. The mean for outcome, however, was not significantly greater
than 0. These results indicate that 3-year-old children were able to produce causal
connections.

In order to determine whether 3-year-old children narrated causal connections less
consistently than 4-year-old children, Hotelling’s T* analyses compared 3- and 4-year-old
performance at the initial assessment. A power analysis for the effect size of 1 found the
power to detect differences was greater than .99. There were no significant differences
between the age groups in overall coherence and the productions of total connections, an
overall goal, and an outcome. Therefore, the study cannot reliably conclude that 3-year-
old children use causal connections less consistently than 4-year-old children.

Hypothesis 2: The number of complex causal connections increases with increasing age.

One goal of the current study was (1) to determine which causal connections 3-
and 4-year-old children produce more and least often, (2) to describe how the frequencies
and pattern of frequencies change over time, and (3) to examine the influence of age on
the productions of four types of causal connections. Based on previous storytelling
research (Trabasso & Nickels, 1992; Trabasso, et al., 1992; 1989), it was expected that
children’s use of motivational and psychological connections will improve as children get
older. Nevertheless, the use of lesser complex connections may also improve during the
early stages of causal development.

Trabasso and Nickels (1992) found that some connection types are used more
often, but their analysis was limited to those connections produced within GAO episodes.
A repeated measures MANOVA was performed in order to assess the use of causal

connections by preschool children throughout entire story narratives. The four types of
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causal connections and assessment time were the dependent variables and within-subjects
factors. A power analysis was performed a priori. Power was greater than .99 indicating
that the current sample contained sufficient power to detect within-subject differences.
There was a main effect of connection type, Wilk's A = .21, F(3, 55) = 70.21, p <.001,
and assessment time, Wilk’s A = .89, F(1, 57) = 7.08, p =.01 (see Figure 4). There was
not a significant connection type by assessment time interaction. Contrasts performed
post hoc showed that children produced more enabling connections than physical,
motivational, and psychological connections, F(1, 57) = 159.53, p <.001. Children also
produced significantly more physical connections than motivational and psychological
connections, F(1, 57) =99.63, p <.001, and more psychological than motivational
connections, F(1, 57) =30.01, p =.009. These results show that children rely more on the
least complex type of causal connections and less on the more complex connections.

As shown by the significant main effect of assessment time, children increased in
the production of all types of connections at the 6-month assessment. There was not a
significant connection type by time interaction, however. This indicates that, although
children increased in their use of the four types of connections, the pattern of frequencies
remained consistent across the six months.

The production of the four types of causal connections by preschool children was
further examined using correlation and multiple regression analyses. The goal was to
determine the relation among chronological age and the four types of causal connections.
Analyses were performed separately for the initial assessment and 6-month assessment.

Initial assessment. Chronological age was positively correlated with two types of

connections, physical and psychological (see Table 5). Children used more physical and
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psychological connections when narrating as they got older. Chronological age was not
significantly correlated with enabling and motivational connections. Multiple regression
analyses were performed to determine whether age predicted children’s use of specific
types of causal connections.

A MANOVA was first performed in order to control the type 1 error rate, reduce
the number of dependent variables, and subsequently, the number of analyses (Cohen et
al., 2003). All variables for the initial assessment were entered. The independent
variables, which were chronological age and goal complexity, were entered as covariates.
For this hypothesis, regression analyses were then performed on dependent variables that
showed significant relations to chronological age in the MANOVA. Significance was
judged at the .05 level. There was a significant main effect for chronological age, Wilk’s
A= .54, F(11, 44) =3.42, p =.002. In univariate tests, physical, F(1, 54) = 6.85, p =.011,
and psychological connections related to age, F(1, 54) = 10.63, p = .002. Enabling and
motivational connections did not significantly relate to age.

Multiple regression analyses performed with chronological age entered in step 1
had a power of .79 and .65 (effect sizes ["]=.13 and .09, respectively) for the current
sample size. Chronological age significantly predicted physical, F(1, 56) = 7.59, p = .008,
and psychological connections, F(1, 56) = 5.26, p = .026 (see Table 6). Chronological
age accounted for 12% of the variance in the production of physical connections and 9%
of the variance in the production of psychological connections. The analyses show that
chronological age can account for a significant amount of individual differences in the
use of certain connection types. Similar analyses were performed for the 6-month

assessment.
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Six-month assessment. Analyses for the 6-month assessment examined relations
among age and improvements in the use of the four types of causal connections.
Correlation analyses for the 6-month assessment controlled for performance at the initial
assessment. There were no significant correlations among chronological age and types of
connections at the 6-month assessment (see Table 5). There was not a significant main
effect of chronological age in the MANOVA. As a result, regression analyses were not
performed for this assessment point.

Hypothesis 3: The distance of children’s causal connections increases with increasing
age.

Although previous research is clear on the relation among age and connection
type, it is unclear as to the relation among age and the distance of causal connections.
Trabasso and Nickels (1992) suggests that the use of causal connections within and
between episodes increases with age. However, this research is limited by the use of
episodes based on goal-attempt-outcome sequences. The measures of distance in Berman
and Slobin (1994) could not be compared to one another due to differences in
measurement. The current study measures the use of causal connections produced within
and between scenes by calculating the number of causal connections produced within and
across scene boundaries. Distance is also measured continuously as the average number
of story nodes from antecedent to consequence in each participant’s narrative. It is
predicted that age will relate to the distance over which children produce causal
connections and that a continuous measure of distance will be more sensitive. The
analyses used in hypothesis 3 that were used in hypothesis 2. Again, analyses are

performed separately for the initial and 6-month assessments.
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Initial assessment. Distance was measured by three variables, within-scene
connections, between-scene connections, and causal distance. Chronological age was
significantly correlated with within-scene connections and between-scene connections,
but not with causal distance (see Table 5). Children produced more within- and between-
scene connections with increasing age. In the MANOVA there was a significant main
effect of chronological age (see hypothesis 2). Univariate tests were significant for
within-scene, F(1, 54) = 5.46, p = .023, and between-scene connections, F(1, 54) = 5.95,
p = .018, but not causal distance.

As in the multiple regression analyses described in hypothesis 2, chronological
age was entered in step 1. A priori power analyses show that the current sample size was
sufficient for detecting significant differences and had a power of .70 and .82 (f*=.11 and
.15). Chronological age significantly predicted within-scene, F(1, 56) = 6.25, p = .015,
and between-scene connections, F(1, 56) = 8.10, p <.006 (see Table 7). Chronological
age accounted for 10% of the variance in within-scene connections and 13% of the
variance in between-scene connections. These results show that, for some measures of
distance, increases in age can account for some of the individual differences in the
distance over which children produce causal connections. The study confirms research by
Trabasso and Nickels (1992), which shows that the use of both local and global causal
connections increases with age.

Six-month assessment. Analyses for the 6-month assessment examined relations
among age and improvements in the distance of the causal connections that children
produced. Correlation analyses for the 6-month assessment controlled for initial

performance. Chronological age was not significantly correlated with distance. The
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MANOVA did not show a significant main effect for chronological age. Regression
analyses were not performed for the 6-month assessment.
Hypothesis 4: The coherence of children’s stories varies according to goal complexity.

The current study’s goal was to explain individual differences in preschooler’s
use of causal connections. The context in which narrative occurs has been suggested by
previous research (Berman, 2004; Trabasso & Nickels, 1992; Trabasso, et al., 1992) as
one possible influence on individual differences. It was expected that the individual
differences in the coherence of children’s story narratives can be explained by the
complexity of a story’s goal in addition to chronological age.

Initial assessment. Correlation analyses controlled for chronological age (see
Table 8). PE versus the other books was significantly correlated with enabling,
motivational, and psychological connections. These correlations indicate that compared
to the other books, narrations to the PE book were less likely to include enabling and
motivational connections, but more likely to include psychological connections. NI
versus the other books was significantly correlated with motivational and between-scene
connections. Thus, narratives for the NI book were likely to include more motivational
and between-scene connections. Narratives to the PI book were significantly correlated
with psychological connections. This suggests that these narratives are less likely to
include psychological connections.

Multiple regression analyses used to determine if age predicted the distance of
causal connections were preceded by the MANOVA described in hypotheses 2 and 3. In
the MANOVA used to reduce alpha inflation, there was a significant main effect of PE,

Wilk’s A = .59, F(11, 44) = 2.82, p=.007, and NI, Wilk’s A = .66, F(11, 44) = 2.09, p =
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.042. Univariate tests for PE were significant only for psychological connections, F(1,
54) =10.85, p =.023. Motivational, F(1, 54) = 8.79, p =.018, and between-scene
connections F(1, 54) = 4.06, p = .049, were significant for NI.

Chronological age was entered in step 1 and the goal complexity variables were
added to step 2 as predictors in multiple regression analyses. Age by goal complexity
interaction variables were also added in step 3. The interaction variables were created by
multiplying the goal complexity variables with chronological age.

For psychological connections, the current sample was sufficient for detecting
differences at a power of .81 for goal complexity and .37 for the interaction (f = .20 and
.10). Goal complexity explained an additional 17% of the variance, F(3, 54) = 6.03,p =
.001 (see Table 6). Regression coefficients were significant for chronological age and PE,
but not for NI. The interaction explained another 9% of the variance, F(5, 52) =5.33,p =
.001. In this model, coefficients for PE and the age by PE interaction were significant.
This suggests that the individual differences in the narration of psychological connections
were significantly influenced by goal complexity (see Figure 5). Post hoc probing of the
interaction showed that the slopes for the PI (B =-0.004) and NI (B = 0.08) goals were
not significantly different from zero; the slope for the PE goal (B = 0.18) was significant,
t(1, 52) =4.04, p < .001. Thus, age is a significant predictor of psychological connections
only for the PE goal.

For motivational connections, the current sample was sufficient for detecting
differences at a power of .86 for goal complexity and .37 for the interaction (=23 and
.10). Goal complexity explained an additional 19% of the variance, F(3, 54) =5.95,p =

.001, and the age by goal complexity interaction explained 9%, F(5, 52) = 5.20, p=.001
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(see Table 9). The NI and the age by NI interaction coefficients were significant. Post hoc
probing of the interaction showed that the slopes for the PI (B =-0.01) and PE (B = 0)
goals were not significantly different from zero; the slope for the NI goal (B = 0.08) was
significant, t(1, 52) =2.91, p = .005. Age was a significant predictor of motivational
connections only for narrations to the NI goal (see Figure 6).

For between-scene connections, the current sample was sufficient for detecting
differences at a power .52 for goal complexity and .29 for the interaction (f* =.11 and
.08). Goal complexity accounted for an additional 10% of the variance, F(3, 54) =5.21, p
=.003. The NI coefficient was significant, which indicates that this group narrated 1.95
more between-scene connections than the other groups for the average-aged child (see
Table 7). The age by goal complexity interaction did not explain an additional percentage
of the variance, but produced a significant overall model, F(5, 52) = 4.40, p = .002.

The results for the initial assessment indicate that goal complexity (1) influences
preschool children’s production of specific types of causal connections, (2) influences the
production of causal connections made across scenes, and (3) qualifies the influence of
age. Similar analyses were performed for storytelling variables at the 6-month
assessment.

Six-month assessment. Analyses for the 6-month assessment examined relations
among goal complexity and the use of causal connections by preschool children during
storytelling. Correlation analyses for the 6-month assessment controlled for chronological
age and initial performance (see Table 8). The PE book compared to the other books was
correlated with motivational connections, psychological connections, and overall goal.

Narratives to the PE book were more likely to include psychological connections and less

45



likely to include motivational connections and an overall goal. NI compared to other
goals was correlated with enabling connections, motivational connections, and overall
goal. NI narratives were more likely to include enabling connections, motivational
connections, and an overall goal. PI versus other books was correlated with psychological
connections and total story nodes. Compared to narratives from the other books, PI
narratives were shorter and less likely to include psychological connections.

The MANOVA produced a significant main effects for PE, Wilk’s A = .60, F(12,
43)=2.44,p=.016, and NI, Wilk’s A = .64, F(12, 43) =2.03, p = .045. Univariate tests
revealed that PE was significantly related to overall goal, F(1, 54) = 20.76, p <. 001, and
psychological connections, F(1, 54) = 10.66, p = .002. Univariate tests, however, did not
indicate significant relations to NI.

For multiple regressions using the 6-month dependent variables, performance at
the initial assessment and chronological age were entered in step 1, goal complexity
variables in step 2, and the interaction variables in step 3. For psychological connections,
the current sample was sufficient for detecting differences at a power .72 for goal
complexity and .34 for the interaction (f* = .19 and .10). Goal complexity explained 16%
of the variance, F(4, 53) =3.58, p =.012 (see Table 10). Similar to analyses for the
dependent variables at the initial assessment, only the PE coefficient was significant.
Story narratives to PE goal contained 1.87 more physical connections than the other
narratives for the average-aged child and when initial performance was held constant.
The model with the interaction variables was not significant.

Logistic regression analysis was performed with overall goal as the dependent

variable in order to examine the relation among children’s production of an overall goal
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and goal complexity. Power analysis showed that the current sample size was sufficient
for detecting differences according to goal complexity, 1-B > .85 (Hsieh, Bloch, &
Larsen, 1998). The overall model that included age, initial performance, and the goal
complexity variables was significant, X*(4) = 30.45, p <.001, and correctly classified
81% of the children (see Table 11). Wald tests showed that the coefficient was significant
only for PE, which suggest that children were more likely to narrate an overall goal to the
PE goal book than to the other books. The model that added the interaction variables was
significant, X*(6) = 35.66, p < .001, and correctly classified 82.8% of children. The
coefficients for the interaction variables, however, were not significant.

The results for storytelling at the 6-month assessment show relations with goal
complexity similar to the initial assessment and show that goal complexity influenced
improvements across time for specific measures of children’s production of causal
connections.

DISCUSSION

Overall, results from the study indicate that individual differences in causal
understanding within narrative can be observed in 3- and 4-year-old children.
Furthermore, age and context can account for a significant percentage of the differences
in how they produced causal connections during storytelling.

Three-year-old children were able to produce causal connections and overall goals
and connected 38% of the nodes in their story narratives. Children this young, however,
inconsistently made causal connections. For example, only 10% of 3-year-olds narrated
an outcome and while the results show that they do produce causal connections only 35%

produced an overall goal and most of their story nodes remained unconnected. The
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inconsistent use of causal connections by 3-year-olds during narration is consistent with
the results and conclusions made in previous studies (Berman & Slobin, 1994; Trabasso
& Nickels, 1992; Trabasso, et al., 1992; Berman, 1988). As these studies report no
evidence of causal understanding in 3-year-old children during narrative tasks, the current
study shows that 3-year-old children could produce causal connections.

The frequency of specific types of connections preschool children narrated
coincided with the connections’ complexity level, which were consistent across time. The
definitions of four types of causal connections put forth by Trabasso et al. (1989)
provided a way of determining the complexity of causal connections. On average,
preschool children produced more enabling connections compared to the other types of
connections. This is expected because of preschool children’s limited causal
understanding. Physical connections appeared less often than enabling connections in
narratives, but more often than psychological and motivational connections. This pattern
was supported by similar results for performance sixth months later. Trabasso and
Nickels (1992) also found that enabling relations occurred more often in narratives, but
found that physical connections occurred less often for participants of all ages. This
finding may have occurred because analyses of the types of causal connections were
restricted to GAO episodes the participants produced or because of the goal complexity
of the wordless-picture book used in the study. In contrast with Trabasso and Nickels
(1992), which showed little difference between the production of the most complex
connections, children produced more psychological than motivational connections in the
current study. These results are partially supported by the overall literature, which shows

that children narrate more actions than goals until 8 to 10 years (van den Broek, 1997).
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The results demonstrate that age influenced the types of connections children used
and the distance over which the connections were made. The children produced more
physical and psychological connections with increasing age. This confirms previous
research that shows age as an important predictor of the use of causal connections in
general (Berman & Slobin, 1994; Trabasso & Nickels, 1992; Trabasso, et al., 1992;
Berman, 1988). Yet, the current study did not find that chronological age predicted
children’s use of enabling and motivational connections. This lack of relation may be due
to low instances of motivational connections and high instances of enabling relations.
Age may no longer influence the production of enabling relations during preschool age
because, as suggested by research with infants, 3-year-old children have a sufficient
understanding of these relations (Wenner & Bauer, 1999; Travis, 1997; Bauer, 1992).

In terms of distance, more within- and between-scene connections were produced
as children got older. The more continuous measure of causal distance was not
significantly related to age. Previous research shows that both local and global
connections increased with age (Berman & Slobin, 1994; Trabasso &Nickels, 1992). In a
synthesis of the literature, van den Broek (1997) concluded that children focus more on
within-episode connections until ages 6 to 8. This conclusion is supported by age-related
increases in within-scene or episode connections found in the current study and previous
research. The influence of age, however, was only demonstrated for initial performance.
Age did not significantly relate to improvements in the use of causal connections over
time. This result may be due to practice effects, low power, or additional schooling.

The study showed that children’s ability to narrate using causal connections was

influenced by the narrative context. Generally, goal complexity differentially influenced
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children narrations of causal connections during initial and later storytelling performance.
Goal complexity predicted the production of psychological and motivational connections,
between-scene connections, and overall goals. Compared to other goals, narratives for the
wordless picture book containing a physical and explicit goal were more likely to include
psychological connections. This goal continued to influence children’s use of
psychological connections over time. The physical and explicit goal, compared to other
goals, also influenced improvements in the narration of an overall goal. Narratives for
this book containing a nonphysical and implicit goal were more likely to include
motivational connections at the initial assessment.

Goal complexity also qualified the influence of age. As shown by a significant
goal complexity by chronological age interaction, age related to increases in
psychological connections only for narratives to the physical and explicit goal. In
addition, age related increases in motivational and between-scene connections were only
observed for the nonphysical and implicit goal. Goal complexity did not qualify the
influence of age at the later assessment.

The influence of goal complexity during preschool children’s online narration can
be interpreted in at least two ways. Some goals may reduce cognitive load of the narrative
task and facilitate the use of causal connections by preschool children in more complex
ways. For example, age only predicted increases in psychological connections when the
goal was physical and explicit. It is possible that the cognitive load for this goal was
substantially reduced when compared to the other goals because the goal object was
present in most of the pictures of the book. This is supported by a negative correlation

between motivational connections and the physical and explicit goal. Another
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interpretation is that some goals may lend themselves to the use of specific type of
connections. For example, a nonphysical goal may require the use of motivational
connections, rather than physical and enabling connections. A goal that is not physical
may be motivational or psychological. In the current study, the goal of One Frog Too
Many (NI goal) is motivational; the protagonist wants the two frogs to like each other.
Trabasso and Nickels (1992) found that relative frequencies of physical connections were
less than other types in Frog, Where are You? narratives (PI goal). This goal may also be
motivational because the boy wants to find his frog. This motivation as a story goal may
increase the use of motivational and psychological relations and simultaneously reduce
the use of physical relations. Both interpretations may be necessary to fully explain how
children use causal connections.

Experiment 1 shows that other factors, in addition to age, influence preschool
children’s ability to use causal connections during storytelling. The results show that the
complexity of connections, the distance over which connections need to be made, and the
complexity of the narrative context work with age to influence young children’s ability to
narrate causally coherent narratives. These results are supported by previous research.
The second experiment investigates the role of attentional processes as an additional

influence on children’s early causal understanding.
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EXPERIMENT 2
Attentional Processes and Causal Understanding

New findings concerning the development of attention networks may have
particularly important implications for understanding attention’s influence on narrative
production in young children. Research shows that three networks independently relate to
individual differences in math and reading achievement (Burns et al., 2007; Weatherholt
et al., 2006; Chang & Burns, 2005). For example, one study found the executive network
to be related to analogical reasoning in young children living in poverty (Weatherholt et
al., 2006) whereas another study found orienting and alerting to be related to motivation
orientation in preschool children living in poverty (Chang & Burns, 2005). The three
specific attentional processes also each relate to a specific network of brain areas (Posner
& Rothbart, 2007; Fan et al., 2002; Fernandez-Duque & Posner, 2001; Posner &
Petersen, 1990). Both areas of research suggest that the three attention networks will
differentially relate to aspects of or precursors to casual understanding.

Computerized attention games developed by Berger et al. (2000) were used to
measure individual differences in the attention networks. As depicted in the testing model
of early causal understanding (see Figure 3), it is expected that the attention networks
relate to children’s use of causal connections during storytelling. Research shows that
attention ability is related to reading (Merrell & Tymms, 2001; de Jong, 1993; Fergusson
& Howard, 1992) and early literacy skills (Lonigan et al., 1999). Likewise, causal

understanding has been shown to relate to reading and related skills (van den Broek et al.,
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2000; Rizella & O’Brien, 1996; van den Broek & Trabasso, 1986; Trabasso & van den
Broek, 1985), which suggests an association between attention and children’s
understanding and use of causal connections.

The framework depicted in the current model (see Figures 3) assumes that
attention skills are a prerequisite for causal understanding and that some aspects of
attention are present in children prior to their ability to use causal connections. It is
possible that the use of causal connections contributes to attention development. Ruff and
Rothbart (1996) posit that learning is influential in attention development. In this
framework, the development of causal understanding can be viewed as learning.
However, research on attention networks suggests that attention develops before the
ability to use causal connections (Posner & Rothbart, 2007; Rueda et al., 2004; Gerardi-
Caulton, 2000; Ruff & Rothbart, 1996). Even executive attention, which develops later
than the other two networks, begins to develop earlier than the use of causal connections
has been demonstrated (Posner & Rothbart, 2007; Rueda et al., 2004; Gerardi-Caulton,
2000; Ruff & Rothbart, 1996).

Hypothesis 1: Attention networks will differentially predict measures of causal
understanding.

The current study predicts that individual differences in attention, as measured by
attention networks tasks, differentially relates to measures of the use of causal
connections. The three attentional networks are shown to have both a degree of
independence and a degree of dependence (Fan, McCandliss, Sommer, Raz, & Posner,
2002; Fernandez-Duque & Posner, 2001). For example, the alerting network may relate

to the elicitation of experimenter prompts due to its relation to distractibility. Berman and
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Slobin (1994) suggested that unusable narratives were more frequent in 3-year-olds due
to their distractibility. The orienting network, on the other hand, may influence the type
of information children attend to and report in tasks of causal understanding. During the
initial stages of causal understanding, children may focus attention on aspects that they
find interesting and be unable to disengage from those aspects. Object labeling may be
the aspect of storytelling most attended to by 3-year-old children and their parents
(Trabasso et al., 1992). The attention networks should show different patterns of
relations, with some overlap, to the different measures causal connections production.
Hypothesis 2: Attention networks will predict individual differences in the improvement
of causal understanding across time.

It is also hypothesized that attention will predict improvements in the use of
causal connections across time. Renz et al. (2003) found differences between boys with
ADHD and comparison boys in the production of goal based connections during their
initial narratives. Some, but not all, of the differences persisted during a second narration.
Therefore, the current study investigates whether the relation between attention and the
use of causal connections remains stable across time.

METHOD

The method for the second experiment incorporates attention assessments into the
method described in the first experiment. Children played attention games and narrated
stories during separate sessions at the beginning of the school year. Children narrated
stories a second time 6-months later, but did not play the attention games. The same

storytelling procedure and coding outlined in the first experiment was used.
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Participants

The sample included the same 58 3- and 4-year-old participants from the first
experiment. As in the previous experiment, children were assessed at their preschool.
Materials

Materials for measuring cognitive ability and storytelling were the same as the
first experiment. During all three attention games, the child sat at a child-size table in
front of a computer with a touch screen. A marker was placed on the table, between the
child and computer screen. The child was instructed to put his or her finger on the marker
before and after each trial. A video recorder was placed behind the child, facing the
computer screen in order to record responses for all trials (Berger et al., 2000).
Procedure

Storytelling and KBIT procedures were described in the first experiment.
Storytelling was assessed twice during the school year whereas cognitive ability was
assessed only once. As part of a larger study, both cognitive ability and attention were
assessed in the first of multiple sessions.

The attention games consist of three computer tasks; each designed to measure
one of three attention networks as identified by Posner and Peterson (1990; Berger et al.,
2000; Chang & Burns, 2005). Videos of the attention games were reviewed after the
completion of all tasks. Trials in which the child’s finger did not begin on the marker, in
which the touch screen did not immediately record the child’s response, and responses
that were faster than 500 ms were eliminated from analyses. Accuracy and reaction time
measures were recorded for all attention tasks. Table 12 lists the variables and their

descriptions. Median reaction time (MRT) was calculated only for correct trials.
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Alerting task. The alerting task “measures change in the internal state following
the presentation of a warning signal” (Berger et al., 2000, p. 298). The child was
instructed to help the farmer “catch” his animals by touching the animal as fast as
possible when it appeared on the screen. At the end of the game, the child was presented
with a picture of all the animals back on the farm. An auditory warning signal, presented
at different intervals (200, 500, 1000, and 2500 ms) occurred in half of the trials. The task
consisted of 32 trials and up to 3 practice trials.

Orienting task. This task measures spatial orientation of attention. The child was
presented with two fish bowls to the left and right of a fixation point. The child was
instructed to pretend that his or her finger was a worm and to “feed the fish” when it
appeared in one of the bowls by touching it as fast as possible. A trial consisted of a
fixation stimulus, followed by a cue, and then the fish. The cue, appearing on each bowl
with equal probability, is defined by a color change in one of the fish bowls. The cue and
fish could appear in either the same fish bowl (i.e. compatible trials) or opposite fish
bowls (i.e. incompatible trials) during a trial. The task consisted of 32 trials and 3 practice
trials.

Spatial conflict task. This task measures one aspect of executive attention, the
ability to resolve a conflict. The child must resolve the conflict between the location of a
stimulus and the response. Two houses were presented at the left and right bottom of the
screen with a picture in each. A stimulus appeared at the top of the screen. The child was
instructed to “help the picture find its home” by touching the house with the identical
picture as fast as possible. A compatible trial occurred when the stimulus appeared on the

same side of the screen as the house with the identical picture. In an incompatible trial,
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the stimulus appeared on the opposite side of the house with an identical picture.
Compatible and incompatible trials occurred in random order for a total of 32 trials and
up to 3 practice trials.
RESULTS

The goal of the second experiment was to understand how individual differences
in attention abilities impact storytelling. Preliminary analyses were performed in order to
identify confounding variables. Variables were then transformed according to previous
research, to aid analyses, and to reduce multicollinearity. Lastly, performance on the
attention games was examined for relations with storytelling at the initial and 6-month
assessments.
Preliminary Analyses

There was no significant relation among cognitive ability and storytelling
variables (see Experiment 1). The relation among cognitive ability and attention game
performance was examined after the transformation of the attention game variables (see
Variable Manipulation and Analysis Interpretation below). Gender differences in
attention game performance were analyzed using a separate MANOVA. Means are
reported in Table 13 according to gender. Results showed no significant gender effect for
the attention or storytelling variables (see Experiment 1). Gender will not be considered
in subsequent analyses.

Correlation analyses were performed to determine whether the reaction times for
the attention games were correlated with each other. Accuracy was not used because
child performance on attention networks tasks is often very high and accuracy is less

sensitive than reaction time (Weatherholt et al., 2006; Mezzacappa, 2004). Table 14
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shows that attention game MRTs were also significantly related to each other and
chronological age. Such correlations were moderate to high and pose problems due to
multicollinearity in regression analyses. Chronological age was included in subsequent
analyses as a control variable due to its relation to storytelling, attention game
performance, and cognitive ability.
Variable Manipulation and Analysis Interpretation

The attention variables were transformed using a linear transformation described
by Gerardi-Caulton (2000) in order to reduce multicollinearity, decrease the number of
variables entered for analyses, and retain the information measured by compatible and
compatible trials and trials with and without a warning stimulus. A priming measure was
calculated for the alerting task by taking the difference in MRT for trials preceded by the
warning stimulus and for trials not preceded by the stimulus and dividing by the MRT for
stimulus-preceded trials. Positive scores indicate that it took children longer to make
correct responses to No-Beep trials than to Beep trials. An interference measure was
calculated for the orienting task by taking the difference in MRT between incompatible
trials and compatible trials and dividing by the MRT for compatible trials (Gerardi-
Caulton, 2000). The same method was used to calculate an interference measure for the
spatial conflict task. For both the orienting and spatial conflict tasks, negative scores
indicate that the children made correct responses to compatible trials faster than to
incompatible trials, which is consisted with previous research (Posner & Rothbart, 2007;
Berger et al., 2000). The transformed attention variables were not significantly correlated

with each other, therefore, eliminating the problem of multicollinearity.
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In order to determine if cognitive ability related to attention, a MANOVA was
performed with the transformed attention game variables as dependent variables, KBIT
scores as independent variables, and chronological age as a covariate. There was a
significant main effect for KBIT vocabulary, Wilk’s A =.00, F(51, 21.65)=2.22,p =
.023. Univariate tests showed that it was significant for the alert priming score, F(17, 9) =
4.34, p = .015, and the spatial conflict interference score, F(17, 9) =3.11, p =.044.
Therefore, only KBIT vocabulary raw scores were controlled in subsequent analyses.

As described in the first experiment and in Cohen et al. (2003), all continuous
variables used in subsequent analyses were centered. For Experiment 2, the continuous
variables include chronological age, the alert priming measure, and the orienting and
spatial conflict interference measures.

Hypothesis 1: Attention networks will differentially predict measures of causal
understanding.

The goal of the first hypothesis was to determine how individual differences in
attention influence individual differences in the coherence of children’s story narratives.
Based on research with children with ADHD (Flory et al., 2006; Renz et al., 2003), it is
expected that individual differences in attention relate to children’s use of causal
connections during storytelling. Attention networks research (Fan et al., 2002;
Fernandez-Duque & Posner, 2001) would suggest that different attentional abilities relate
to different aspects of early narrative causal understanding.

Correlation analyses that controlled for chronological age and KBIT vocabulary
were performed (see Table 15). The alert priming measure was correlated with causal

distance; the orienting interference score was correlated with total connections, physical
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connections, between-scene causal connections, and overall goal; and the spatial conflict
interference score was correlated with prompts. These correlations indicate that
children’s use of causal connections increased as performance on attention games
increased.

Multiple regression analyses were performed with the storytelling variables as the
dependent variables. As in the first experiment, a MANOVA was first performed in order
to control type 1 error. All the dependent variables for the initial assessment and
chronological age, KBIT vocabulary, and attention game variables were entered as
covariates. Regression analyses were then performed on the dependent variables that
showed significant relations to attention game measures in the MANOV As. Significance
was judged at the .05 level. There was a significant main effect only for the alert priming
score, Wilk’s A =.58, F(11, 42) = 2.83, p = .007. Univariate tests showed that only
causal distance was significantly related to the alert priming variable, F(1, 52) = 18.48, p
<.001.

Multiple regression analyses were performed with causal distance as the
dependent variable. Chronological age and KBIT vocabulary was entered in step 1 and
the three transformed attention variables were entered in step 2. Power analysis show that
the sample size was sufficient for detecting differences at a power of .97 (= 39).
Attention game performance accounted for 28% of the variance in causal distance, F(5,
52)=4.95, p=.001 (see Table 16). The coefficients for chronological age and alert
priming were significant. The negative coefficient for the alert priming scores suggests

that children with faster MRT narrated connections over greater distances. Individual
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differences in distance over which children narrated causal connections was predicted by
individual differences in alerting attention.

Hypothesis 2: Attention networks will predict individual differences in the improvement
of causal understanding across time.

The aim of the second hypothesis was to determine the relation among individual
differences in attention and improvements in the use of causal connections during
storytelling. Correlation analyses for the second hypothesis controlled for chronological
age, KBIT vocabulary, and initial performance (see Table 17). The analyses produced no
significant correlations. There was not a significant main effect for any attention game
variable in the MANOVA for the 6-month assessment. As a result, regression analyses
were not performed on any of the 6-month dependent variables.

DISCUSSION

Previous research posits that increases in causal understanding are due to
increases in narrative knowledge. Trabasso and colleagues (Trabasso & Wiley, 2005;
Trabasso, 1994; Trabasso & Stein, 1994; Trabasso et al. 1992; Trabasso & Nickels, 1992)
and Berman and colleagues (Berman, 1995; Berman & Slobin, 1994) conclude that 3-
year-old children lack knowledge of prior events from earlier in the story and about
events in general; knowledge of human goals and related actions and outcomes; and
knowledge relevant to grammar. These conclusions, however, lack empirical evidence.
The current study is one of the first to examine the role of individual differences in
attention on children’s causal understanding within discourse.

Children’s ability to stay alert or to maintain a state of arousal predicted the

distance of their causal connections. Thus, children with higher alerting skills made
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causal connections over longer distances. More consistency in attention allowed children
to make causal connections that crossed multiple story statements or ideas. Key to
creating coherence in story narratives is the ability to make both local and global
connections, with global connections requiring one to cross multiple story statements
during narration. Studies of the attention networks most often find that the orienting and
executive attention networks relate to child outcomes (Posner & Rothbart, 2007;
Weatherholt et al., 2006; Chang & Burns, 2005; Rueda, Posner et al., 2005; Rueda,
Rothbart et al., 2005; Gerardi-Caulton, 2000). Few studies have found alertness to be
related to child outcomes. Burns et al. (2007) found that increases in performance on the
alerting attention task predicted increases in math achievement after controlling for
cognitive ability in 4- to 6-year-old children. Chang and Burns (2005) found the alert
attention network to be related to children’s motivation orientation. Previous studies and
the current study indicate that alertness, as measured by the attention networks, is
important for child outcomes that are important for school readiness and achievement.
Flory et al. (2006) showed that sustained attention mediated differences between
7- to 9-year-old children with ADHD and comparison children in story narratives on
several measures of coherence. The researchers note that the ability to sustain an alert
state was not evident in the observable behavior of children with ADHD and that children
were able to complete the storytelling task. In both the current study and Flory et al.
(2006) alertness is a cognitive measure of “depth of concentration or depth of information
processing” (p. 862), which influences children’s ability to narrate using causal
connections. Lorch, Milich, Astrin, and Berthiaume (2006) measured 6- to 11-year-old

children’s cognitive engagement while they watched television and found that increased
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engagement related to better recall of the television program. Recall and cognitive
engagement was highest for causally connected content.

Specific to the current study, the depth of cognitive engagement predicted
individual differences in the distance of the causal connections that children produced,
but did not predict other aspects of narrative causal understanding. Differences in
encoding may explain how increases in alerting attention relate to increases in the
distance of causal connections. Children with lower alerting skills may encode enough
information to narrate a story with some aspects of causal coherence, but not enough to
use causality over longer distances. Children with higher alerting skills may be able to
encode more information over a longer time and, thus, connect content over a longer
distance. This is supported by research showing that 4- to 10-year-old children’s
cognitive engagement increased as the causally connected information continued to be
presented (Lorch et al., 2006). This increase in cognitive engagement occurred at all ages,
even for preschool children, but did not occur in children with ADHD. Lorch et al. (2006)
conclude that changes in cognitive engagement lead individuals to build a coherent
narrative representation during the narrative task. Children with lower skills in alerting
attention may not build a narrative representation that includes information that is
causally connected over long distances compared to children with higher skills in alerting
attention.

The current study also found that children’s orienting ability was related to the
total number of connections they produced, the number of physical and between-scene
connections they produced, and their production of an overall goal. Children with better

attention-shifting skills produced more connections overall, more physical and between-
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scene connections, and were more likely to produce an overall goal. Blair and Razza
(2007) found attention shifting to be related to both the literacy and math achievement of
children. Lastly, executive attention abilities were related to the number of experimenter
prompts children elicited. This indicates that children with higher executive attention
needed less prompting to narrate stories or to complete the storytelling task.

Measures of attention did not significantly relate to changes over time in
children’s ability to use causal connections for story narration. Similarly, Renz et al.
(2003) showed that children with ADHD began to causally connect story narratives in the
same way as the comparison group during the second narration of Frog, Where are You?
Combined, these results may suggest that the effect of individual differences in attention
skills may be mediated by practice. The lack of significant difference between the
attention variables and other storytelling variables may be due to limitations of the study.
Limitations due to low power and the use of community sample are further discussed
below.

The findings from the second experiment highlight four important points
regarding the study of early causal understanding and attention. Increases in knowledge
may not sufficiently explain differences in early causal understanding. The ability to
maintain an alert cognitive state is relevant to children’s ability to produce causal
connections. As a result, individual differences in alerting attention may also explain
some of the individual differences in children’s ability to use causal connections for
comprehension and recall. The finding that only alerting attention predicted the distance
of children’s connections during storytelling, that orienting attention related to other

aspects of storytelling performance, and that executive attention related to the number of
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prompts elicited during the task provides further support for the idea that attention
networks independently relate to skills (Fan et al., 2002; Fernandez-Duque & Posner,
2001). That is, the attention networks differentially related to aspects of preschooler’s
storytelling.

Lastly, the results from the current study combined with findings from previous
research (Burns et al., 2007; Flory et al., 2006) indicate that the study of attention
networks in children has important implications for understanding factors that influence
early causal understanding and, thus, school readiness and achievement. The relation
among individual differences in attention and school-related skills impacts children’s
performance over time. Blair and Razza (2007) show that attentional skills measured in

preschool and kindergarten relate to achievement in kindergarten.
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CONCLUSION

Findings of the current study indicate that young children’s use of causal
connections and the role of child and narrative-related factors are more complicated than
proposed by previous research. Previous research simply concludes that preschool
children rarely or inconsistently use causality in narrations, which is due to their lack of
narrative or event knowledge (Berman & Slobin, 1994; Trabasso, 1994; Trabasso et al.
1992; Trabasso & Nickels, 1992). This study indicates that preschool children’s causal
understanding is also complex.

There are implications for interpreting previous research that examines early
causal understanding in light of the current study. For example, the current study and
previous research (e.g., Berman & Slobin, 1994) suggest that narrative distance impacts
children’s ability to use causal connections. Low and Durkin (1998) investigated
children’s ability to narrate canonical television programs that are temporally predictable
compared to noncanonical programs that deviate from a predictable script (e.g.,
incorporate twists or dreams). Younger children (first and third graders) showed a lower
proportion of causal connections when narrating noncanonical programs compared to
when narrating a canonical program. The researchers concluded that the results showed
an early dependence on event knowledge or temporal relations because younger children
were more affected by changes in structure. Noncanonical narratives, however, may
require children to understand causal connections over longer distances than canonical

narratives. Thus, age differences found by Low and Durkin (1998) may be explained by
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older children’s ability to use and understand causal connections over greater distances.
Moreover, the current study and Flory et al. (2006) find that measures of causal distance
are influenced by children’s ability to maintain an alert state, an attentional skill that
develops with age.

The influence of context found in the current study supplies another possible
explanation for the differences in the infant research and narrative research. Differences
in the task complexity or task demands may explain the findings that children under age 3
can understand causal connections in certain conditions, but understand very little
causality in narrative (e.g., van den Broek, 1997). On the other hand, the current study
suggests that 3-year-old children use causal connections in narrative and other research
shows that they are better able to use causality in certain narrative conditions (Berman,
1995). The present study provides an initial investigation into the role of narrative context
while providing a catalyst for similar studies in the future.

The current study also contributes to the overall knowledge of the development of
causal understanding. Results inform what influences both children’s use and
understanding of causal connections in discourse. This knowledge is important due to its
relationship to narrative ability and to memory and comprehension tasks. Narrative is
found in all forms and functions of language such as literary, historical, social and
personal texts (Trabasso, 1994), and television (Lorch, Diener et al., 1999; Lorch,
Sanchez et al., 1999). It can serve to socialize and organize experience as well as
communicate the past to others (Trabasso, 1994). This pervasiveness makes the ability to
understand and produce narrative important for social and academic success. This is

confirmed by research showing that the understanding of causal connections is important
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for comprehension and recall in a variety of narrative forms (Lorch, Diener et al., 1999;
Lorch, Sanchez et al., 1999; Wolman et al., 1997; Rizella & O’Brien, 1996; van den
Broek et al., 1996; van den Broek, 1989; van den Broek & Trabasso, 1986; Trabasso et
al., 1984; Trabasso & van den Broek, 1985).

However, more investigations into the role attention plays as well as the
interaction between causal understanding and other abilities are needed in order to fully
understand early causal understanding and narrative ability. Research indicates that one
must incorporate a variety of skills for narrative production and comprehension. Such
skills include the ability to use grammar (John, Lui, & Tannock, 2003), referential
language (Wigglesworth, 1997), and linguistic devices (Shapiro & Hudson, 1997).
Further investigations into the role of social skills such as theory of mind (Pelletier &
Astington, 2004) and the understanding of emotion or mental states (Eaton, Collis, &
Lewis, 1999) are also a needed. The current study offers an initial examination in to the
influence of attentional processes in processing the demands of narrative in addition to
causal understanding.

Limitations

One limitation of the current study involves the use of the production of causal
connections as a measure of early causal understanding. Elicitation methods may
underestimate children’s actual understanding. If this is true, what information is learned
from the relation of attention and causal connections used in storytelling is limited.
Trabasso and Rodkin (1994) propose that what a speaker says may underestimate what he
or she actually knows and encodes. For example, when 4-year-old children were

prompted by descriptive and explanatory questions, statements of attempts and purposes
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significantly increased (Trabasso et al., 1992). However, several studies show that the
ability to produce causal connections (Renz et al., 2003; Trabasso et al., 1992; Trabasso
& Nickels, 1992) follows a developmental trend similar to the recall of causal
information (Berman, 2004; Lorch, Diener et al., 1999; Lorch, Sanchez et al., 1999; van
den Broek et al., 1996). The developmental trends are also similar across mediums; story
narratives and television (Lorch & Sanchez, 1997). For example, 4-year-old children
recall information that is causally connected more often than unconnected information,
but less consistently than older children and adults (van den Broek et al., 1996). This
pattern is identical to that described in the storytelling research. Four-year-olds use causal
connections during storytelling, but do so less reliably than older children and adults
(Trabasso & Nickels, 1992; Trabasso, et al., 1992). Furthermore, Flory et al. (2006) argue
that the use of online narration or storytelling reduces the demand on memory. As a
result, the use of storytelling by the current study is age-appropriate and allows some
conclusions to be made about the causal understanding of preschool children based on the
findings.

Another limitation of the study is the coding procedure used to identify causal
connections in children’s narratives. Although the CDA has been used in several studies
of child and adult connection use (e.g., van den Broek et al., 1996; van den Broek &
Trabasso, 1986), there is no standardized procedure for analyzing the relations found in
narratives. This lack of standardization has led to the use of different coding procedures,
which makes comparisons across studies difficult. Furthermore, there is a lack of
information concerning the reliability of narrative coding procedures. The current study is

one of the first to report reliability information on the coding of causal connections. Most
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studies employing similar coding methods find identical developmental trends across a
variety of narrative forms. This consistency of findings across similar coding procedures
suggests a high degree of reliability.

The study may also have limited power. For example, all independent variables
could not be simultaneously included into multiple regression analyses. Cohen (1992),
for example, recommends sample sizes of 107 to 757 in order to detect medium to small
effect sizes at 4=.05 for a large number of independent variables. The current study,
therefore, employed separate analyses in order to investigate the impact of goal
complexity and individual differences in attention on children’s use of causally
connections. Low power in some of the analyses may also explain some of the
nonsignificant results. For example, individual differences in attention did not explain a
significant proportion of the variance in changes over time in the use of causal
connections. Correlation analyses showed small effect sizes when cognitive ability and
previous performance was held constant. Future research with larger samples can detect
smaller effects and investigate the combined influence of attention, context, as well as
other variables on children’s narrative production. The study describes how these factors
independently influence individual differences in early causal understanding, is one of the
first to explain such influences, and contributes to future research. Lastly, the use of a
community sample limits the present study in at least two ways. Recruiting the entire
sample from one private preschool may have resulted in a largely homogenous sample.
For example, individual differences may have been smaller than those of a more diverse

sample. This is directly related to the power of the statistical analyses used in the study.
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Potential Implications

Besides the implications for explanations of early causal understanding, results
from the current study provide further evidence concerning the role attention may play in
development of school readiness skills. This work extends the attention literature to
factors that can impact overall narrative comprehension, reasoning, and decision making.
Previous research shows that the understanding of causal connections is important for
aurally presented narratives (Lorch, Diener et al., 1999; Lorch, Sanchez et al., 1999;
Wolman et al., 1997; van den Broek et al., 1996; van den Broek, 1989; Trabasso, Secco,
& van den Broek, 1984). Attention may also play a role in children’s general
comprehension of discourse through its influence on early causal understanding (see
Figure 3). In addition, Schulz and Gopnik (2004) demonstrated that 3- to 5-year-old
children’s ability to use and make inferences is needed during decision-making tasks.
Inferences are the basis for causal connections (Trabasso, 1994) and the ability to use
causal relations may aid reasoning and decision making. Thus, knowledge about the role
of attention in understanding causal inferences has implications for reasoning and
decision making skills.

Results from the current study and previous research suggest that both causal
understanding and attention skills can serve as targets for interventions aimed at
improving school readiness skills in very young children. Preliminary research shows that
children’s executive attention can be improved through special video games (Posner &
Rothbart, 2007; Rueda, Rothbart et al., 2005). Such improvements are evidenced by
decreases in reaction time on attention tasks and changes in brain activity, which relate to

improvements in [Q and analogy. Training attention may, therefore, have beneficial
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effects for causal understanding. In turn, improvements in causal understanding may lead
to increases in skills related to discourse as well as a range of academic skills (e.g.,
Peterson, Jesso, & McCabe, 1999; Wolman et al., 1997).

Such attention and causal understanding interventions may be especially useful
for improving the academic outcomes of children at-risk due to poverty. Children in
poverty tend to have lower attention skills than their more advantaged peers
(Mezzacappa, 2004), which contributes to lower academic achievement (Breznitz &
Norman, 1998; de Jong, 1993; Fergusson & Horwood, 1992). A recent study by Blair and
Razza (2007) shows that the attentional skills of children living in poverty impact their
math and literacy achievement. Such interventions will be useful for other populations of
children with problems of attention and low academic achievement, such as children born
prematurely (Davis, Burns, Snyder, Dossett, & Wilkerson, 2004; Davis & Burns, 2001).
The results from the current study and studies with children diagnosed with ADHD
(Flory et al., 2006; Lorch et al., 2006; Lorch, Eastham et al., 2004; Lorch, O’Neil et al.,
2004; Lorch et al., 2000; Lorch, Diener et al., 1999; Lorch, Sanchez et al., 1999) offer
preliminary investigations into new targets for unique interventions for unique
populations of children.

Before interventions can be developed, research is needed in at least two areas in
addition to those identified in the current study’s model (see Figure 1). Research is
needed on other possible influences on early causal understanding. For example, some
research suggests that parents contribute to children’s use of causal connections through
conversations (Peterson & McCabe, 1997), elicitation techniques (Peterson & McCabe,

1994), and storytelling (Harkins, Koch, & Michel, 1994). Peterson, Jesso, and McCabe
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(1999) implemented an intervention that encouraged parents to behave in ways that
encouraged narrative discourse with their children, such as frequently talking about past
experiences and asking “wh” questions. Following the intervention, it was found that
children in the intervention group produced longer and more complicated narratives.
Children’s home environment, experiences with reading and other forms of narrative, and
motivation (Burns, Brown, & Harris, 2007) may also influence their causal
understanding. Some studies also suggest that early language skills such as those assessed
by 1Q measures relate to causal understanding (Lile, Brown, Richard, & Burns, 2007,
Flory et al., 2006). The current study, however, did not find a relation among 1Q and the
use of causal connections during storytelling. Similarly, Wolman et al., (1997) found that
differences between children with mild mental retardation, with learning disabilities, and
without disabilities in the use of causal structure for recall could not be explained by
differences in 1Q. It is, therefore, unclear as to how other factors influence young
children’s use of causal connections.

Examinations of the interactions among factors are also needed to further explain
and identify the influences on causal understanding. For example, research shows that
parent’s play an important role in children’s development of attention skills (Brown et al.,
2007; Harris, Robinson, Chang, & Burns, 2007; Davis et al., 2004). Therefore, parent
behaviors may impact early causal understanding both directly and indirectly through its
affect on children’s attention.

Finally, there is a need for research that examines the role of early causal
understanding in the development of school readiness skills. In adults, research links

causal understanding to memory, comprehension, and writing (van den Broek et al.,
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2000; Rizella & O’Brien, 1996; van den Broek et al., 1996; van den Broek & Trabasso,
1986; Trabasso & van den Broek, 1985). Research with school age children finds that
causal understanding is related to recall and comprehension (Lorch, Diener et al., 1999;
Lorch, Sanchez et al., 1999; Wolman et al., 1997; van den Broek et al., 1996; Trabasso et
al., 1984) as well as later reading skills (White, van den Broek, & Kebndeou, 2007).
Research with adults and school age children provides insight into the impact of early
causal understanding on school readiness, but this relation has not been studied directly.
One exception is studies involving infants, which show that children under 24 months can
use enabling relations to complete age-appropriate tasks (Wenner & Bauer, 1999; Travis,
1997; Bauer, 1992), but these studies employ less complex tasks. In combination with the
current study, examinations of the role of causal understanding in school readiness skills
would offer insight into the overall role of causal understanding, help to explain the
complex interactions among factors, and provide insight into how a variety of factors

influence this understanding.
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Figure 1. Conceptual Model of Early Causal Understanding in Discourse



Story Nodes

1. They’re walking down. 9. Then he tried to catch the frog
2. He’s going to catch a frog 10. but he didn’t.
3. ...afrog. 11. Then he jumped onto a log.
4. The boy is gonna catch a frog. 12. Then he’s going to get the net.
5. The boy tripped. 13. Uh oh.
6. And then the boy fell in the water. 14. And...um...he’s going to catch the
7. Then...um...then the frog was froggie.
happy 15. Then he’s going to (sound effect).
8. and the dog fell in too. 16. He’s gonna slap it on the dog.

Figure 2. Causal discourse analysis of A Boy, a Dog, and a Frog.
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Table 1

Descriptions of Storytelling Variables Measured from the Storytelling Procedure

Storytelling variables

Description

Goal complexity
classification: PE, PI, NI

Total connections

Enabling connections

Physical connections

Psychological connections

Motivational connections

Story nodes

Causal distance

Within-scene connections
Between-scene connections

Overall goal

Outcome

Overall coherence

Experimenter prompts

Books are classified based on the type and presence of
the goal object.

Number of all connections regardless of type

Connections in which A is necessary for B, but not
sufficient.

Connections that do not contain goal information or
internal states; A is necessary and sufficient for B.

Connections in which A contains no goal information
and B contains an internal state or reaction; A 1s
necessary and sufficient for B.

Connections in which A contains goal information; A
is necessary and sufficient for B.

Number of statements that consist of a predicate and
sometimes a subject.

Average number of story nodes in causal connections
between the antecedent nodes and consequence nodes.

Frequency of connections within one scene.
Frequency of connections that cross scene partitions.

Central theme of the story. 0 if an overall goal is not
present in the child’s story and 1 if it is present.

Resolution of the story. 0 if an outcome is not present
in the child’s story and 1 if it is present.

Proportion of story nodes used in causal connections.

Frequency of experimenter statements during the task.
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Table 2

Intra-Correlations Measuring Reliability for Storytelling Variable

Storytelling variables Initial 6-Month
Total connections 93 97
Enabling connections .85 .98
Physical connections .86 79
Psychological connections 97 .90
Motivational connections 75 .88
Raw causal distance .85 81
Within scene connections .90 .98
Between scene connections .87 81
Number of connected nodes 92 .98
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Table 3

Storytelling Means and Standard Deviations According to Gender

Initial assessment

6-month assessment

Storytelling variables Boys Girls Total Boys Girls Total

Total connections 10.85 (8.84) 11.19 (7.51) 11.03 (8.08) 14.15 (8.57) 15.29 (10.42) 14.76 (9.54)
Enabling connections 5.79 (4.29) 6.48 (3.98) 6.16 (4.11) 8.15 (6.30) 7.87 (6.04) 8.00 (6.11)
Physical connections 3.96 (3.75) 3.29 (3.28) 3.60 (3.49) 433 (3.13) 4.90 (3.82) 4.64 (3.49)
Motivational connections 0.59 (1.25) 0.26 (0.58) 0.41 (0.96) 0.82 (1.42) 0.74 (1.26) 0.78 (1.33)
Psychological connections 0.52 (1.12) 1.16 (2.35) 0.86 (1.90) 0.85 (1.13) 1.77 (2.32) 1.35(1.91)
Story nodes 29.67 (4.55)  32.45(14.20) 31.16(10.84) 31.85(6.57)  35.39(12.02) 33.74 (9.94)
Causal distance 1.53 (0.73) 1.66 (0.71) 1.60 (0.72) 1.64 (0.44) 1.68 (0.61) 1.66 (0.54)
Within-scene connections 7.74 (6.06) 7.97 (4.96) 7.86 (5.45) 10.22 (6.23) 11.94 (8.70) 11.14 (7.64)
Between-scene connections 3.11 (3.24) 3.23(3.36) 3.17 (3.28) 3.93 (2.93) 3.36 (2.23) 3.62 (2.57)
Overall goal 0.48 (0.51) 0.45 (0.51) 0.47 (0.50) 0.74 (0.45) 0.45 (0.51) 0.59 (0.50)
Outcome” 0.15 (0.36) 0.23(0.43) 0.19 (0.40) 0.48 (0.51) 0.45 (0.51) 0.47 (0.50)
Overall coherence 0.45 (0.26) 0.48 (0.29) 0.47 (0.27) 0.53 (0.23) 0.53(0.24) 0.53 (0.23)
Experimenter prompts 11.11 (8.15) 8.39 (6.12) 9.66 (7.20) 5.78 (5.45) 5.45 (5.55) 5.60 (5.46)

* Means represent the proportion of the sample that produced the variable.

92



Table 4

Storytelling Means and Standard Deviations According to Age

Initial assessment

6-month assessment

Storytelling variables 3-year-olds 4-year-olds Total 3-year-olds 4-year-olds Total

Total connections 8.32 (6.69) 14.15 (8.53) 11.03 (8.08) 13.32 (9.40) 16.41 (9.60)  14.76 (9.54)
Enabling connections 5.10 (3.88) 7.37 (4.09) 6.16 (4.11) 7.61 (5.75) 8.44 (6.58) 8.00 (6.11)
Physical connections 2.61(2.94) 4.74 (3.77) 3.60 (3.49) 4.03 (3.60) 5.33(3.29) 4.64 (3.49)
Motivational connections 0.19 (0.48) 0.67 (1.27) 0.41 (0.96) 0.58 (0.99) 1.00 (1.62) 0.78 (1.33)
Psychological connections 0.42 (1.18) 1.37 (2.40) 0.86 (1.90) 1.10 (1.47) 1.63 (2.31) 1.35(1.91)
Story nodes 29.74 (7.36) 32.78 (13.79) 31.16 (10.84) 34.10 (9.05) 33.33(11.04) 33.74 (9.94)
Causal distance 1.56 (0.81) 1.65 (0.60) 1.60 (0.72) 1.56 (0.58) 1.77 (0.47) 1.66 (0.54)
Within-scene connections 6.16 (4.78) 9.81 (5.57) 7.86 (5.45) 10.48 (7.45) 11.89(7.91) 11.14 (7.64)
Between-scene connections 2.16 (2.53) 4.33 (3.68) 3.17 (3.28) 2.87 (2.50) 4.48 (2.42) 3.62 (2.57)
Overall goal 0.35(0.49) 0.59 (0.50) 0.47 (0.50) 0.55(0.51) 0.63 (0.49) 0.59 (0.50)
Outcome 0.10 (0.30) 0.30 (0.47) 0.19 (0.40) 0.35 (0.49) 0.59 (0.50) 0.47 (0.50)
Overall coherence 0.38 (0.26) 0.56 (0.26) 0.47 (0.27) 0.47 (0.24) 0.60 (0.21) 0.53(0.23)
Experimenter prompts 11.77 (7.55) 7.22 (6.04) 9.66 (7.20) 6.90 (5.87) 4.11 (4.61) 5.60 (5.46)
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Figure 4. The production of the four types of causal connections across assessment time.

Type 1 is enabling connections, type 2 is physical connections, type 3 is motivational

connections, and type 4 is psychological connections.
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Table 5

Correlations between Chronological Age and Storytelling Variables

Storytelling variables Initial 6-Month*
Enabling connections 22 .10
Physical connections 35%* 18
Motivational connections 24 A5
Psychological connections 20% 23
Causal distance 13 23
Within-scene connections 32% A1
Between-scene connections 36%* 24
*p <.05

*Ep < .01

* Correlations between chronological age and storytelling at the 6-month assessment are

partial correlations that control for initial performance.
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Table 6
Summary of Linear Regression Analysis for Variables Predicting Children’s Use of

Physical and Psychological Connections at the Initial Assessment

Physical Connections Psychological Connections
Variable B SE B B B SE B B
Step 1
Chronological age 0.16 0.06 35%* 0.07 0.03 29%
Step 2
Chronological age 0.16 0.06 34% 0.10 0.03 A40%*
PE vs. other goals 0.44 1.13 .06 1.88 0.57 AR
NI vs. other goals 0.89 1.09 12 0.49 0.55 13
Step 3
Chronological age -0.03 0.11 -.06 -0.004  0.06 -.02
PE vs. other goals 0.35 1.13 .05 1.95 0.55 A49%*
NI vs. other goals 0.52 1.10 .07 0.37 0.54 10
Age X PE 0.24 0.15 35 0.18 0.07 A48*
Age X NI 0.25 0.15 31 0.08 0.08 18

Note. For physical connections, R%= .12 for Step 1 (p =.008), AR?*= 01 (p > .05) for
Step 2, AR?= 05 (p > .05) for Step 3. For psychological connections, R%= .09 for Step 1
(p=.026), AR*= .17 (p = .005) for Step 2, AR?=.09 (p = .039) for Step 3.

*p <.05

*Ep < .01
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Table 7
Summary of Linear Regression Analysis for Variables Predicting Children’s Use of

Within-Scene and Between-Scene Connections at the Initial Assessment

Within-Scene Connections Between-Scene Connections

Variable B SE B B B SE B B
Step 1
Chronological age 0.22 0.09 32% 0.15 0.05 36**
Step 2
Chronological age 0.22 0.09 31* 0.13 0.05 30*
PE vs. other goals 0.30 1.79 .03 -0.33 1.00 -.05
NI vs. other goals 1.01 1.73 .09 1.95 0.97 29%
Step 3
Chronological age -0.04 0.18 -.05 -0.06 0.10 -.14
PE vs. other goals 0.05 1.79 .01 -0.51 0.98 -.07
NI vs. other goals 0.41 1.74 .04 1.52 0.96 23
Age X PE 0.30 0.23 28 0.22 0.13 34
Age X NI 0.42 0.25 .33 0.30 0.13 39%

Note. For within-scene connections, R? = .10 for Step 1 (p=.015), AR?*= 01 (p > .05) for
Step 2, AR?= 05 (p > .05) for Step 3. For between-scene connections, R*= .13 for Step 1
(p =.006), AR*= .10 (p = .04) for Step 2, AR? = .07 (p > .05) for Step 3.

*p <.05

*Ep < .01
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Figure 5. The production of psychological connections according to goal complexity at

the initial assessment
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Table 8
Correlations between Goal Complexity and Storytelling Variables that Control for

Chronological Age

Initial 6-Month
Storytelling variables PE NI PI PE NI PI
Total connections -.10 19 -.10 -.06 .19 -.13
Enabling connections -31* 23 .07 =22 32% -.09
Physical connections -.01 .10 -.10 .24 -25 .00
Motivational connections -27*% A45%% 220 -38#x 3T .03
Psychological connections A1Fx 213 -.28%* 34% .02 =37
Story nodes .20 -.06 -.14 .10 17 -27*
Causal distance -.16 21 -.06 .07 -.09 .01
Within-scene connections -.02 .08 -.06 -.01 17 -.16
Between-scene connections  -.21 33%* -.13 -.20 19 .02
Overall goal -.19 .20 -.03 -.65%* 4T 22
Outcome 23 -.06 -.18 -.04 -.15 .19
Overall coherence -.14 .07 .07 -.11 .16 -.05
Experimenter prompts .02 -.07 .06 17 -.14 -.04
*p <.05
*Ep <.01

* Correlations between chronological age and storytelling at the 6-month assessment are

partial correlations that control for both chronological age and initial performance.
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Table 9
Summary of Hierarchical Regression Analysis for Variables Predicting Children’s Use of

Motivational Connections at the Initial Assessment

Variable B SE B B
Step 1
Chronological age 0.03 0.02 24
Step 2
Chronological age 0.02 0.02 17
PE vs. other goals -0.09 0.29 -.05
NI vs. other goals 0.82 0.28 A42H*
Step 3
Chronological age -0.01 0.03 -.09
PE vs. other goals -0.19 0.28 -.10
NI vs. other goals 0.70 0.27 36*
Age X PE 0.01 0.04 .06
Age X NI 0.09 0.04 38%

Note. R? = .06 for Step 1 (p >.05), AR?=.19 (p = .002) for Step 2, AR* = .09 (p = .045)
for Step 3.
*p <.05

*Ep < .01
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Table 10
Summary of Multiple Regression Analysis for Variables Predicting Children’s Use of

Psychological Connections at the 6-Month Assessment

Variable B SE B B
Step 1
Chronological age 0.06 0.03 24
Initial psychological connections -0.03 0.14 -.03
Step 2
Chronological age 0.03 0.03 A2
Initial psychological connections 0.04 0.13 .04
PE vs. other goals 1.87 0.58 A49%*
NI vs. other goals 1.06 0.60 25
Step 3
Chronological age -0.02 0.05 -.08
Initial psychological connections 0.12 0.14 A2
PE vs. other goals 1.82 0.56 ATH*
NI vs. other goals 1.11 0.59 27
Age X PE 0.14 0.07 35
Age X NI -0.04 0.08 -.08

Note. R? = .06 for Step 1 (p >.05), AR? = .16 (p = .008) for Step 2, AR* = .09 (p = .05) for
Step 3.
*p <.05

*Ep < .01
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Table 11

Summary of Multiple Regression Analysis for Variables Predicting Children’s

Production of an Overall Goal at the 6-Month Assessment

Variable B Exp(B)
Step 1
Chronological age 0.02 0.04 1.02
Initial overall goal -0.28 0.56 0.76
Step 2
Chronological age 0.10 0.06 1.10
Initial overall goal -0.53 0.80 0.59
PE vs. other goals 3.13 0.99 22.93%*
NI vs. other goals -1.64 1.19 0.20
Step 3
Chronological age 0.19 0.13 1.21
Initial overall goal -0.61 0.83 0.55
PE vs. other goals 3.39 1.23 29.77**
NI vs. other goals -143.80 14238.98 0
Age X PE -0.17 0.15 0.85
Age X NI 14.67 1451.48 2360269.00

Note. R?=.01 for Step 1, R%= 41 for Step 2, R% = 46 for Step 3.

*p <.05

*Ep < .01
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Table 12

Descriptions of Attention Variables Measured During the Three Attention Games

Attention Variables

Description

Alert median reaction time (A-
MRT)

Beep alert MRT

No-beep alert MRT

200, 500, 1000, 2500 Alert MRT

Orienting MRT

Incompatible orienting MRT

Compatible orienting MRT

Spatial conflict MRT

Incompatible spatial conflict MRT

Compatible spatial conflict MRT

Median of the reaction time for all alert task trials.

Median reaction time for alert trials that are
preceded by an auditory stimulus.

Median reaction time for alert trials that are not
preceded by an auditory stimulus.

Median reaction time for alert trials according to
stimulus onset interval (i.e. 200, 500, 1000, 2500
ms).

Median of the reaction time for all orienting task
trials.

Median reaction time for incompatible orienting
trials.

Median reaction time for compatible orienting
trials.

Median of the reaction time for all spatial conflict
task trials.

Median reaction time for incompatible spatial
conflict trials.

Median reaction time for compatible spatial
conflict trials.
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Table 13

Attention Game Means and Standard Deviations for the Entire Sample and According to

Gender

Attention game variables Boys Girls Total sample
(N=27) (N=31)

Alerting accuracy 0.97 (0.03) 0.98 (0.03) 0.98 (0.03)

Alerting beep MRT 97491 (160.79)  924.85 (180.18)  948.16 (171.79)

Alerting no-beep MRT 1002.52 (214.60)  969.40 (210.00)  984.82 (210.94)

Orienting accuracy 0.97 (0.05) 0.98 (0.03) 0.97 (0.04)

Orienting compatible MRT ~ 1222.28 (265.90) 1207.82 (370.14) 1214.55 (323.12)

Orienting incompatible 1297.06 (391.23) 1227.84 (282.88) 1260.06 (336.37)
MRT
Spatial conflict accuracy 0.88 (0.21) 0.88 (0.15) 0.88 (0.18)

Spatial conflict compatible ~ 1826.67 (574.77) 1920.94 (580.57) 1877.05 (574.76)
MRT

Spatial conflict incompatible 2002.63 (483.99) 2068.32 (497.58) 2037.74 (488.11)
MRT

*p < .05

*xp < .01
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Table 14

Correlations among Chronological Age and Attention Game Variables

1 2 3 4 5 6 7
1. Chronological age
2. Alerting beep MRT -.50%*
3. Alerting no-beep MRT - 58%* B3x*
4. Orienting compatible MRT - 35%* ST 62%*
5. Orienting incompatible MRT - 27TH* A49%* S4%* .66%*
6. Spatial conflict compatible MRT -.53%* A43%E A48%* S4xE 30%*
7. Spatial conflict incompatible MRT -.63%* STE* STE* H1%* J35%* 70%*
*p <.05
**p <.01

Note. Negative correlations indicate that MRT increases for one task as MRT decreases for the other task; responses becoming slower

for one task as responses become faster for the other task.
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Table 15
Correlations between Attention Game and Storytelling Variables at the Initial Assessment

that Control for Chronological Age and Vocabulary

Storytelling variables Alert Orienting Spatial Conflict
Total connections .01 -27* A2
Enabling connections .06 -.17 A2
Physical connections -.01 -.32% .06
Motivational connections .04 -.08 .02
Psychological connections -.13 -12 A1
Story nodes -.02 .06 A1
Causal distance - 49%* -.08 16
Within-scene connections 13 -.23 13
Between-scene connections -.20 -.28%* .07
Overall goal A2 -.29% .01
Outcome -.13 -.08 .04
Overall coherence -.02 -.18 A1
Experimenter prompts -.17 -.07 27*
*p <.05

*Ep < .01
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Table 16
Summary of Linear Regression Analysis for Variables Predicting the Distance of

Children’s Causal Connections at the Initial Assessment

Variable B SE B B

Step 1
KBIT vocabulary 0.03 0.02 22
Chronological age 0.00 0.15 .00

Step 2
KBIT vocabulary 0.02 0.02 18
Chronological age 0.02 0.01 .19
Alert priming score -3.18 0.74 - 52%*
Orienting interference score -0.69 0.45 -.18
Spatial conflict interference score 0.87 0.64 .16

Note. R? = .05 for Step 1 (p >.05), AR? = .28 (p < .001) for Step 2.
*p <.05

*Ep < .01
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Table 17

Correlations between Attention Game and Storytelling Variables at the 6-Month

Assessment that Control for Chronological Age, Vocabulary, and Initial Performance

Storytelling variables Alert Orienting Spatial Conflict
Total connections .07 -.07 -.06
Enabling connections 14 -25 .04
Physical connections -.09 22 -.14
Motivational connections -.05 -22 -.01
Psychological connections .08 13 -.10
Story nodes 14 A1 -.13
Causal distance -.01 -.06 -.11
Within-scene connections -.00 -.01 -.08
Between-scene connections 22 -.24 -.00
Overall goal -.05 -.13 -.04
Outcome -.03 A1 -21
Overall coherence .01 -.19 .04
Experimenter prompts -.09 .05 -.06

*p <.05

**p <.01
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	Young children's use of causal connections during storytelling : The role of context and individual differences in attention.
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	Summary
	EXPERIMENT 1
	Describing the Use of Causal Connections in Young Children

	Participants
	Materials

	Three different wordless picture books by Mercer Mayer were used to elicit story narratives from children, A Boy, a Dog, and a Frog (1979), Frog, Where are You? (1969), and One Frog Too Many (Mayer & Mayer, 1977). Each book contains 24 (or 25) pictures to which the children narrated a story. The pages of each book were placed in binders and only one picture appeared on each page. Frog, Where are You? (Mayer, 1969) is commonly employed in research investigating narrative development and the use of causal connections (Renz et al., 2003; Berman & Slobin, 1994; Trabasso et al., 1992; Trabasso & Nickels, 1992). A Boy, a Dog, and a Frog (Mayer, 1979) was combined with Frog, Where are You? (1969) in order to investigate the influence of goal complexity on children’s narratives (Trabasso & Nickels, 1992). One Frog Too Many (Mayer & Mayer, 1977) was added to investigate another component of goal complexity; the ability to causally connect using a book with a nonphysical goal. Goal complexity is defined below.
	Coding Procedure
	Causal connections. Causal connections were identified and classified according to two criteria, necessity and sufficiency (Trabasso & Sperry, 1985; Trabasso & van den Broek, 1985). The necessity criterion applies the counterfactual argument, “If not A then not B.” This criterion implies that the consequence is dependent on the cause. The sufficiency criterion is more specific in that it is used to determine whether A is sufficient to cause B. All casual connections, however, do not need to fulfill both the sufficiency and necessity criteria. Enabling relations, for example, do not satisfy the sufficiency criterion (Trabasso & van den Broek, 1985).
	Previous research shows that four types of connections appear in narratives, enabling, physical, motivational, and psychological (Trabasso & Nickels, 1992; Trabasso et al., 1989). In all types of connections A should occur temporally prior to B. A connection is considered motivational if A contains goal information. If A does not contain goal information and B contains an internal state or reaction, the connection is considered psychological. If A and B do not contain goal information or an internal state, the connection is considered physical. In physical, motivational, and psychological connections A is both necessary and sufficient for B. If A is not sufficient for B, then it is an enabling connection. The number of each type of connection can be calculated for each participant.
	Goal complexity. Before coding the children’s narratives, the goal or overall theme of each book was identified by the investigator and partly based on Trabasso et al. (1992). Each book’s complexity was classified based on the complexity of the goal. Goal complexity was based on two dimensions. One dimension identified whether the goal object was physical or nonphysical and the other dimension identified whether it was mostly present (explicit) or absent (implicit) throughout the book.
	Reliability analyses.
	Reliability analyses were performed to assess the reliability of the CDA procedure. Little is known about the reliability of storytelling procedures used to identify causal connections in children’s narratives. Trabasso et al. (1992) does report percentage agreement for the classification of goal plans by two independent coders. Agreement ranged from 72% to 100% depending on the category. The current study uses intra-rater correlations as measures of reliability for the coding of causal connections (Shrout & Fleiss, 1979). Reliability analyses were performed for the total number of connections produced, types of causal connections, raw distance of causal connections, between- and within-scene connections, and number of connected story nodes. Thirty percent of narratives were randomly chosen and coded by two independent coders. Reliability for the four causal connections was done separately. A new sub sample of 30% the narratives were chosen after the total number of causal connections was identified. Disagreements were discussed until an agreement was made. Average inter-rater correlations for multiple raters are reported in Table 2.
	Analyses for experiment 1 were performed in order to determine the effect of age and goal complexity on various measures of children’s use of causal connections during storytelling. First, preliminary analyses were performed in order to identify possible confounds. Second, variables were transformed in order to aid analyses and reduce analyses problems. Hypotheses were then tested, which are accompanied by power analyses (Faul & Erdfelder, 1992).
	Two potential confounds were examined, cognitive ability and gender. KBIT raw scores ranged from 7 to 36 for vocabulary (M = 18.17, SD = 5.58) and from 0 to 22 for matrices (M = 10.66, SD = 4.12). Four-year-old children had significantly higher raw scores on vocabulary, t(56) = 54.23, p < .001, and matrices, t(56) = 54.23, p < .001, than 3-year-olds. A multivariate analysis of variance (MANOVA) was used to examine a relation between cognitive ability and storytelling. The storytelling variables were entered as the dependent variables, the KBIT vocabulary and matrices raw scores were entered as independent variables, and chronological age was entered as a covariate (in order to account for the use of KBIT raw scores). The multivariate F-tests for the initial and 6-month assessment was not significant for either measure of cognitive ability. Cognitive ability was not considered in subsequent analyses as a control variable.
	Differences on the storytelling variables according to gender were examined by conducting separate MANOVAs for the initial and 6-month assessments. Means for all storytelling variables are reported in Table 3 for the entire sample and according to gender. The multivariate F-tests were not significant and gender will not be controlled in subsequent analyses.
	One goal of the current study was (1) to determine which causal connections 3- and 4-year-old children produce more and least often, (2) to describe how the frequencies and pattern of frequencies change over time, and (3) to examine the influence of age on the productions of four types of causal connections. Based on previous storytelling research (Trabasso & Nickels, 1992; Trabasso, et al., 1992; 1989), it was expected that children’s use of motivational and psychological connections will improve as children get older. Nevertheless, the use of lesser complex connections may also improve during the early stages of causal development.
	Initial assessment. Chronological age was positively correlated with two types of connections, physical and psychological (see Table 5). Children used more physical and psychological connections when narrating as they got older. Chronological age was not significantly correlated with enabling and motivational connections. Multiple regression analyses were performed to determine whether age predicted children’s use of specific types of causal connections. 
	A MANOVA was first performed in order to control the type 1 error rate, reduce the number of dependent variables, and subsequently, the number of analyses (Cohen et al., 2003). All variables for the initial assessment were entered. The independent variables, which were chronological age and goal complexity, were entered as covariates. For this hypothesis, regression analyses were then performed on dependent variables that showed significant relations to chronological age in the MANOVA. Significance was judged at the .05 level. There was a significant main effect for chronological age, Wilk’s Λ= .54, F(11, 44) = 3.42, p = .002. In univariate tests, physical, F(1, 54) = 6.85, p = .011, and psychological connections related to age, F(1, 54) = 10.63, p = .002. Enabling and motivational connections did not significantly relate to age.
	Multiple regression analyses performed with chronological age entered in step 1 had a power of .79 and .65 (effect sizes [f2] = .13 and .09, respectively) for the current sample size. Chronological age significantly predicted physical, F(1, 56) = 7.59, p = .008, and psychological connections, F(1, 56) = 5.26, p = .026 (see Table 6). Chronological age accounted for 12% of the variance in the production of physical connections and 9% of the variance in the production of psychological connections. The analyses show that chronological age can account for a significant amount of individual differences in the use of certain connection types. Similar analyses were performed for the 6-month assessment.
	Six-month assessment. Analyses for the 6-month assessment examined relations among age and improvements in the use of the four types of causal connections. Correlation analyses for the 6-month assessment controlled for performance at the initial assessment. There were no significant correlations among chronological age and types of connections at the 6-month assessment (see Table 5). There was not a significant main effect of chronological age in the MANOVA. As a result, regression analyses were not performed for this assessment point.
	DISCUSSION
	Overall, results from the study indicate that individual differences in causal understanding within narrative can be observed in 3- and 4-year-old children. Furthermore, age and context can account for a significant percentage of the differences in how they produced causal connections during storytelling.
	Three-year-old children were able to produce causal connections and overall goals and connected 38% of the nodes in their story narratives. Children this young, however, inconsistently made causal connections. For example, only 10% of 3-year-olds narrated an outcome and while the results show that they do produce causal connections only 35% produced an overall goal and most of their story nodes remained unconnected. The inconsistent use of causal connections by 3-year-olds during narration is consistent with the results and conclusions made in previous studies (Berman & Slobin, 1994; Trabasso & Nickels, 1992; Trabasso, et al., 1992; Berman, 1988). As these studies report no evidence of causal understanding in 3-year-old children during narrative tasks, the current study shows that 3-year-old children could produce causal connections.
	The results demonstrate that age influenced the types of connections children used and the distance over which the connections were made. The children produced more physical and psychological connections with increasing age. This confirms previous research that shows age as an important predictor of the use of causal connections in general (Berman & Slobin, 1994; Trabasso & Nickels, 1992; Trabasso, et al., 1992; Berman, 1988). Yet, the current study did not find that chronological age predicted children’s use of enabling and motivational connections. This lack of relation may be due to low instances of motivational connections and high instances of enabling relations. Age may no longer influence the production of enabling relations during preschool age because, as suggested by research with infants, 3-year-old children have a sufficient understanding of these relations (Wenner & Bauer, 1999; Travis, 1997; Bauer, 1992).
	EXPERIMENT 2
	Attentional Processes and Causal Understanding
	The framework depicted in the current model (see Figures 3) assumes that attention skills are a prerequisite for causal understanding and that some aspects of attention are present in children prior to their ability to use causal connections. It is possible that the use of causal connections contributes to attention development. Ruff and Rothbart (1996) posit that learning is influential in attention development. In this framework, the development of causal understanding can be viewed as learning. However, research on attention networks suggests that attention develops before the ability to use causal connections (Posner & Rothbart, 2007; Rueda et al., 2004; Gerardi-Caulton, 2000; Ruff & Rothbart, 1996). Even executive attention, which develops later than the other two networks, begins to develop earlier than the use of causal connections has been demonstrated (Posner & Rothbart, 2007; Rueda et al., 2004; Gerardi-Caulton, 2000; Ruff & Rothbart, 1996). 
	METHOD


	Participants
	Materials
	Materials for measuring cognitive ability and storytelling were the same as the first experiment. During all three attention games, the child sat at a child-size table in front of a computer with a touch screen. A marker was placed on the table, between the child and computer screen. The child was instructed to put his or her finger on the marker before and after each trial. A video recorder was placed behind the child, facing the computer screen in order to record responses for all trials (Berger et al., 2000).
	Procedure
	Preliminary Analyses
	DISCUSSION
	Previous research posits that increases in causal understanding are due to increases in narrative knowledge. Trabasso and colleagues (Trabasso & Wiley, 2005; Trabasso, 1994; Trabasso & Stein, 1994; Trabasso et al. 1992; Trabasso & Nickels, 1992) and Berman and colleagues (Berman, 1995; Berman & Slobin, 1994) conclude that 3-year-old children lack knowledge of prior events from earlier in the story and about events in general; knowledge of human goals and related actions and outcomes; and knowledge relevant to grammar. These conclusions, however, lack empirical evidence. The current study is one of the first to examine the role of individual differences in attention on children’s causal understanding within discourse. 
	Children’s ability to stay alert or to maintain a state of arousal predicted the distance of their causal connections. Thus, children with higher alerting skills made causal connections over longer distances. More consistency in attention allowed children to make causal connections that crossed multiple story statements or ideas. Key to creating coherence in story narratives is the ability to make both local and global connections, with global connections requiring one to cross multiple story statements during narration. Studies of the attention networks most often find that the orienting and executive attention networks relate to child outcomes (Posner & Rothbart, 2007; Weatherholt et al., 2006; Chang & Burns, 2005; Rueda, Posner et al., 2005; Rueda, Rothbart et al., 2005; Gerardi-Caulton, 2000). Few studies have found alertness to be related to child outcomes. Burns et al. (2007) found that increases in performance on the alerting attention task predicted increases in math achievement after controlling for cognitive ability in 4- to 6-year-old children. Chang and Burns (2005) found the alert attention network to be related to children’s motivation orientation. Previous studies and the current study indicate that alertness, as measured by the attention networks, is important for child outcomes that are important for school readiness and achievement.
	Flory et al. (2006) showed that sustained attention mediated differences between 7- to 9-year-old children with ADHD and comparison children in story narratives on several measures of coherence. The researchers note that the ability to sustain an alert state was not evident in the observable behavior of children with ADHD and that children were able to complete the storytelling task. In both the current study and Flory et al. (2006) alertness is a cognitive measure of “depth of concentration or depth of information processing” (p. 862), which influences children’s ability to narrate using causal connections. Lorch, Milich, Astrin, and Berthiaume (2006) measured 6- to 11-year-old children’s cognitive engagement while they watched television and found that increased engagement related to better recall of the television program. Recall and cognitive engagement was highest for causally connected content.
	The current study also found that children’s orienting ability was related to the total number of connections they produced, the number of physical and between-scene connections they produced, and their production of an overall goal. Children with better attention-shifting skills produced more connections overall, more physical and between-scene connections, and were more likely to produce an overall goal. Blair and Razza (2007) found attention shifting to be related to both the literacy and math achievement of children. Lastly, executive attention abilities were related to the number of experimenter prompts children elicited. This indicates that children with higher executive attention needed less prompting to narrate stories or to complete the storytelling task.
	The findings from the second experiment highlight four important points regarding the study of early causal understanding and attention. Increases in knowledge may not sufficiently explain differences in early causal understanding. The ability to maintain an alert cognitive state is relevant to children’s ability to produce causal connections. As a result, individual differences in alerting attention may also explain some of the individual differences in children’s ability to use causal connections for comprehension and recall. The finding that only alerting attention predicted the distance of children’s connections during storytelling, that orienting attention related to other aspects of storytelling performance, and that executive attention related to the number of prompts elicited during the task provides further support for the idea that attention networks independently relate to skills (Fan et al., 2002; Fernandez-Duque & Posner, 2001). That is, the attention networks differentially related to aspects of preschooler’s storytelling.
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