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Abstract

The study examines the concurrent and longitudinal associations between ratings-based measures
(parents, secondary caregivers, observers) and performance-based measures of focused attention in
toddlers aged 30- (n = 147), 36- (n=127), and 42-months (7=107). Parents and secondary
caregivers rated focused attention behaviors using the Children’s Behavior Questionnaire
(Rothbart et al., 2001), and observers rated toddlers’ focused attention during a series of laboratory
tasks using the Leiter-R Examiner Rating Scale (Roid & Miller, 1997). Toddlers’ behaviors on
three structured tasks (Token Sort, Toy Play, Lock Box) were used to assess their performance
based focused attention in a laboratory setting. Correlations show that parent ratings are not
related to observer and teacher ratings, or to the performance-based measures at all ages tested.
Second, based on confirmatory factor analyses, a single factor explains the common variance
between indicators when the parent ratings are not included in the models. The single factor shows
measurement invariance between ages 36 and 42 months based on factor structure, relations of
indicators to the factor, and factor scale over time. Third, indicators of focused attention at age 30
months do not seem to measure a common, coherent factor. Interpretations of similarities and
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differences between ratings and performance-based indicators of focused attention and the
presence of a focused attention construct are discussed.
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Attention skills are important for all children as they engage in and respond to events and
behaviors in complex social and physical environments. Attention skills are important for
problem solving, waiting to take turns in a school setting, and understanding the rules of
games played with peers. Previous research has shown that early attention skills are
predictive of the development of concurrent and future psychosocial, academic, and
cognitive skills (e.g., Cuevas & Bell, 2014; Duncan et al., 2007; Graziano, Calkins, &
Keane, 2011; Ruff & Capozzoli, 2003). Researchers have reported evidence of individual
differences in attention skills in the behaviors of infants and toddlers along with the
emergence of cognitive and self-regulatory skills (Gaertner, Spinrad, & Eisenberg, 2008;
Rothbart, Posner, Kieras, 2006; Ruff & Rothbart, 1996).

Attention skills depend on the characteristics of the context, such as task demands and other
external stimuli that compete for the child’s attention (NICHD Early Child Care Research
Network, 2005; Ruff & Lawson, 1990). In studies of attention, researchers have categorized
attention behaviors as casual (looking at target but not engaging; only the eyes are on the
target), settled (touching or playing with the target with no intention or purpose; e.g., Ruff,
Capozzoli, & Weissberg, 1998); and focused attention (“sustained and active engagement
with a stimulus or task”; Gaertner et al., 2008, p. 340). Thus, there are different perspectives
on the definition and conceptualization of attention in children. In the current study, we
specifically explored focused attention, consistent with the definition above, as those
behaviors in which both the eyes and the hands are focused on the target with the intention
of interacting with the target as instructed by an experimenter. This definition does not
include attention when the child is simply playing with toys or looking at toys provided
during the task.

The purpose of the study was to examine focused attention in toddlers to determine the
stability of the construct when measured across three time-points—30-, 36-, and 42-months.
In addition, previous research has shown that there is a difference between performance
based behavior/skills (e.g., attention in a structured context) and ratings of behavior/skills
that could encompass different contexts (e.g., parents’ and caregivers’ reports of attention or
more natural or everyday context) (Toplak et al., 2013). Thus, the relation between
performance based measures of focused attention in toddlers and ratings of focused attention
(parent, secondary caregivers, and observers) are examined.
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Literature Review

Attention in Young Children

Focused attention measured during play-like tasks has been found to improve with age, with
older children able to engage longer with an instructed task and better able to resist
distractors once engaged (Ruff & Capozzoli, 2003; Ruff, Capozzoli, & Saltarelli, 1996).
However, characteristics of the stimuli (e.g., attractiveness, complexity, demands of the
context, familiarity of stimuli, and novelty of context) and individual differences (e.g.,
temperament and internal motivation) affect children’s focused attention (Harman, Posner,
Rothbart, & Thomas-Thrapp, 1994; Posner & Rothbart, 2007; Ruff & Lawson, 1990; Ruff &
Rothbart, 1996). For example, Ruff and Lawson (1990) conducted two cross-sectional
studies with children at ages 1, 2, and 3.5 years in Study 1, and children at ages 2.5, 3.5, and,
4.5 years in Study 2. The researchers examined whether children focused their attention on a
certain set of toys over other toys during free play and the length of time children sustained
their attention on the task across ages. Results showed children’s focused attention skills
increased as they got older, and older children could focus their attention significantly longer
than younger children.

Assessment of Attention Skills in Early Childhood

Considering the multifaceted structure of attention, researchers have used different methods
to measure it, such as parent ratings (Rothbart, Ahadi, Hershey, & Fisher, 2001) and
performance on structured laboratory tasks (Graziano, Calkins, & Keane, 2011). Parent
reports of attention using rating scales are intended to reflect children’s attention capacity in
their everyday lives. Performance based measures of attention involve standardized
laboratory tasks that target assessment of children’s attention, such as Token Sort (colored
tokens are mixed together and the child’s task is to sort the tokens by color into separate
bins), Toy Play (the child is instructed to sit a a table and play with toys on a table while the
experimenter does paperwork) and Lock Box (the child is instructed to open a lock to
retrieve a toy using a set of keys that do not open the lock). Although it is assumed that both
types of measurement approaches assess children’s focused attention skills, it is unclear
whether ratings and performance based measures are capturing the same construct and
whether children’s focused attention is uniformly measured by different laboratory tasks.

Ratings of Attention

Ratings of focused attention are based on the perceptions of the informants (e.g., parent,
secondary caregiver, or independent observer). Item are written such that a wide range of
attention-related behaviors across different environments, such as home, school, or during
play, could be used as the basis for the rating. One of the most common rating measures of
children’s focused attention is the Attentional Focusing subscale of the Children’s Behavior
Questionnaire (CBQ; Rothbart, Ahadi, Hershey, & Fischer, 2001), and the CBQ Short Form
(CBQ-SF; Putnam & Rothbart, 2006). For these questionnaires parents use a 7-point Likert-
type scale to rate how well a number of statements describe the intensity and duration of
their child’s attention focus. The original nine-item scale and the shortened six-item version
demonstrate adequate internal consistency, with Cronbach’s alphas ranging from .67 to .75
(Putnam & Rothbart, 2006; Rothbart et al., 2001). The CBQ also has been used for
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secondary caregiver report, with Cronbach’s alphas ranging from .78 to .96 (e.g., Gunnar, et
al., 1997, 2003).

Performance Based Measures of Focused Attention

Performance based measures of attention use structured tasks in which the child is expected
to attend to and actively engage with the task stimuli, and resist other distractions present in
the task context (e.g., Gaertner et al., 2008; Ruff & Capozzoli, 2003). Performance based
measures are generally administered in settings where stimuli are controlled by an
experimenter so that each child experiences the same process. Scores from performance
based tasks measure a child’s accuracy and response time during the task, which are through
to reflect how the child focuses his/her attention during task performance (Ruff & Rothbart,
1996; Toplak et al., 2013).

Performance based tasks in structured settings tend to have similar characteristics. For
example, Gaertner and colleagues (2008) provided mothers and toddlers with a basket of
toys and the child were allowed to play with toys for 3 minutes. Focused attention was
measured by examining toddlers’ attention to the toys, concentration, orientation toward the
toys, and intensity of engagement with the toys. Lack of focused attention was evidenced by
off-task behaviors (e.g., looking around) and lack of engagement with provided toys. In
other tasks, researchers utilized video clips to measure children’s focused attention to the
videos. Graziano et al. (2011) used 5-minute segments of a video about a puppy exploring a
neighborhood and timed the duration of children’s attention to the video without being
distracted. Overall duration of focused attention was measured as the ratio of time looking at
the video to video length.

Ratings of Attention versus Performance Based Measures of Attention

Ratings and performance based measures of focused attention are different from each other
in terms of administration and scoring, but there are additional differences that can
contribute to differences in focused attention scores across ratings and performance based
measures. Parent and secondary caregiver ratings of focused attention have the advantage of
being assessed by the person(s) who know the child the best, including how the child
responds to a variety of “real world” situations. However, parents and secondary caregivers’
ratings may be unintentionally influenced by positive (or negative) perceptions of the child
on the part of the parent, introducing social desirability bias in focused attention scores.
Secondary caregivers, in contrast to most parents, have the added advantage of having a
larger “comparison” group by which to judge the child’s focused attention skills via
experience with the other children currently or previously in their care. However, secondary
caregiver’s assessment of children’s focused attention is limited to experiences based on
structured setting of the early care and education classroom, most often during the daytime
hours, which may not generalize to other settings. Performance based measures of focused
attention involve measurement based on observations of the child’s behavior in a controlled
setting by research personnel not familiar with the child. Focused attention performance is
judged based on a standardized research protocol for each task are assumed to reflect
differences not based on familiarity with the child or differences in focused attention tasks.
However, the controlled setting of the laboratory is rarely found in the real world. Thus, a
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child’s performance on a laboratory focused attention task may not generalize to the child’s
focused attention skills in other settings, particularly at home or school.

Although there are inconsistencies among findings and paucity of studies examining
differences between ratings of focused attention and performance based measures, these
differences between these two types of measures of focused attention may be reflected in the
findings from previous research that the strength of the statistical association between
caregiver or naturalistic observer ratings of focused attention and performance based
measures are medium (e.g., r =.31; Choudhury & Gorman, 2000) or non-significant
(Gaertner et al., 2008; Toplak et al., 2013). Such statistical associations could reflect an
inconsistency between the constructs measured by different methods or method-specific
measurement error. The inconsistent findings could also pertain to theoretically different
perspectives on cognitive ability. Ratings of focused attention and performance based
measures may tap different levels and parts of attention. Stanovich (2009) posited that the
cognitive mind (ability) is divided in two parts; the algorithmic and the reflective mind.
Algorithmic mind refers to cognitive processing mechanisms, such as working memory,
long-term memory, and perceptual focusing. Reflective mind refers to broader goals and
beliefs of an individual and how individuals select their actions related to their beliefs and
goals (Stanovich, 2009; 2011; Toplak et al., 2013). Toplak and colleagues (2013) explained
that ratings of executive function (which includes focused attention) cover a broad range of
behaviors that are observed in the real environment. However, performance based measures
selectively target only certain behaviors, such as behavioral inhibition, in a structured
setting, which may provide information about how children process and become efficient in
information processing that might be useful for thinking about children’s performance in the
classroom and other structured learning situations. On the other hand, ratings of attention
may give useful information about how children control and use their focused attention skills
in every day, out of school settings (Toplak et al., 2013). Both ratings and performance based
measures of attention skill represent important sources of information regarding children’s
focused attention. Thus, comparing both types of measurement provides the broader
information needed to understand how children’s focused attention skills emerge in different
contexts. In addition, there are several ways that utilizing both ratings and performance
based focused attention as well as comparing these two methods of data collection could
contribute the understanding of focused attention in children. First, discrepancies between
ratings and performance based focused attention could reflect true variation in children’s
focused attention across different settings and circumstances. Second, utilizing information
from both ratings and performances may inform practice as both methods reflect differences
and/or similarities in focused attention reflecting contextual characteristics. Third,
comparing these two methods of assessing children’s focused attention may inform research
design. Researchers could choose caregiver ratings versus performance based measures
depending on the purpose of the study. Considering these ways of utilizing both ratings and
performance based measures of focused attention of children, in the current study, we
examined the information gained from ratings and performance based measures of focused
attention in toddlers, a developmental period in which changes in self-regulation generally,
and attentional skills specifically, are occurring (Rothbart, Posner & Kieras, 2006). Our
study investigated consistencies in measures across three ages and relations between types of
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measures. To do so, we used ratings of attention (parents, secondary caregivers, and
observer) and performance based measures of attention in a laboratory setting using three
different types of structured tasks.

The Current Study

The purpose of the current study was to investigate the relations between different types of
measures of toddler’s focused attention, including both performance based tasks (Token
Sort, Lock Box, and Toy Play) and ratings of focused attention provided by a parent,
secondary caregiver, and based on reports of observers), over the course of one year. The
current study is directed by two research questions. The first research question is: “Do
ratings and performance based measures of focused attention reflect the same construct?”
Given some inconsistencies between ratings and performance based tasks, we explored the
construct of focused attention at each age to examine whether a single factor model best
fitted the data. Alternatively, based on Stanovich’s (2009) framework, it is plausible that
performance based tasks measure cognitive processing mechanisms (i.e., algorithmic
abilities), whereas parent, secondary caregiver-, and observer ratings measure broader-based
aspects of focused attention, including also reflective abilities. Therefore, we investigated
whether these different types of measures conform to a single- or two-factor model.

Once we determined whether a single- or two-factor model of focused attention best
represents the relations among measures of focused attention, we addressed our second
research question: “Do the different measures of focused attention measure the same
construct over time?”\We hypothesized that over the course of one year—from age 30-
months to age 42-months—the relation between these measures and the construct of focused
attention would be stable over time. In other words, we expected the measurement models to
demonstrate longitudinal invariance across the three time points.

Method

Participants

The participants in the present study are part of a larger investigation examining the relations
between measures of sleep and self-regulation in toddlers 30- to 42- months of age. The
study was approved by the Institutional Human Research Protection Committee. English
speaking families with typically developing toddlers aged 30-months were recruited for
participation; children with diagnosed physical or developmental disabilities were excluded.
Recruitment was conducted at local day care programs and out of home day care sites, and
through personal contacts, phone calls, distribution of flyers describing the study, and by
asking participants to refer other potential participants to the study. Families with toddlers
who fit within the age range, lived within a 1.5-hour drive of the research site, and who
expected to be available for the one-year testing period of the study were eligible for
participation. Data were gathered when toddlers were 30, 36, and 42 months.

The longitudinal sample included 147 toddlers aged 30 to 31 months (A7 = 30.14 months,
SD = 0.35; 50.7% males) at the first time point; 127 toddlers 36 to 37 months (M =36.09
months, SD =0.28; 52.8% males) at the second time point; and 107 toddlers 42 to 43
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months (M =42.15 months, SD = 0.35; 53.3% males) at the third time point. The majority
of toddlers were White, Non-Hispanic (82.8%), with the remaining African American
(1.7%), Hispanic (3.4%) or other (12%). The ethnic breakdown of the sample reflected the
broader demographics of the community from which it was drawn. Parents’ ages ranged
from 23 to 46 years (M =32.09, SD = 4.52) when the toddlers were 30 months. Parent
education levels were college degrees (84.8%), some college (12.2%) or high school
diploma (2.2%). Family income was reported in blocks of $5,000 and ranged from less than
$10,000 to more than $125,000, with a mode of $75,000 to $80,000.

Secondary caregivers were either home-based caregivers (where children go to the
caregivers’ homes or caregivers come to children’s homes), out of home daycare providers,
and teachers in center-based early childhood education programs. Some parents did not use
secondary caregivers for their children. Therefore, we did not have data from these
secondary caregivers. At 30 months we had 75 secondary caregivers (2 males; 12.1 % home-
based caregivers) who reported contact hours ranging from 4 to 50 (M =30.94, SD =13.72)
per week. At 36 months, we had 60 secondary caregivers (2 males; 17.3% home-based
caregivers) who reported contact hours ranging from 12.5 to 50 (M =32.83, SD =9.51) per
week. At 42 months, we had 63 secondary caregivers (2 males; 13.2% home-based
caregivers) who reported contact hours ranging from 0.5 to 45 hours (M =28.78, SD =
14.06) per week. Overall, most of the children with secondary caregivers were in center-
based early childhood education programs.

Data Collection Procedure

After recruitment, a home visit was scheduled with families to inform them about the study
and its procedures. After obtaining consent to participate, the parent, usually the mother, was
given a packet of questionnaires. One week later, the parent and toddler came to the lab to
participate in a series of 17 behavioral tasks lasting approximately 1.5 hours. Efforts were
made to reduce fatigue, hunger, sleepiness, etc. to ensure the toddlers were able to perform
on the tasks. First, lab visits were scheduled at a time that parents reported would not
conflict with the toddler’s regularly scheduled meals or naps. Second, the experimenter or
the parent or child indicated that the child needed a break (e.g. to use restroom), the task was
paused and resumed when the child was ready. Finally, half way through the testing
protocol, a break was taken, and the child was provided with a drink, snack, and opportunity
to use the restroom. The target tasks (Toy Play, Lock Box, and Token Sort) were
administered immediately followed this break, and were the 101", 11t and 14 tasks in the
fixed series of 17 tasks.

Parents provided information needed to contact their child’s secondary caregiver, who
completed the demographic form about their contact with target child and the Children’s
Behavior Questionnaire - Short Form (Putham & Rothbart, 2006). The parent, toddler, and
secondary caregivers were provided with compensation for participating.

Research assistants used video recordings or live observations of the laboratory tasks to
score the Leiter-R Examiner Rating Scale (Leiter-R; Roid & Miller, 1997) based on
behaviors observed across all 17 of the laboratory tasks. Scores from the attention subscale
of Leiter-R Examiner Rating Scale were used in the analyses described below.
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Demographics.—Parents reported on their toddlers’ and their own sex, ethnicity, and age,
parental relation to the child, and marital status. Parents reported their own education from
six pre-defined categories (81" Grade or Less, Some High School, GED, High School
Diploma, Some College, and College Degree). Annual family income was reported on a 25-
point scale, ranging from low (“Less than $10,000”) to high (“More than $125,000”) in
intervals of $5,000.

Ratings of Attention

Parent and Secondary Caregiver Report.: We used the short-form of the Children’s
Behavior Questionnaire (CBQ-SF; Putnam & Rothbart, 2006) to obtain parent- and
secondary caregiver-ratings of children’s focused attention. The CBQ was created as a
parent report measure of children’s temperament, but it has also been used for teacher/
secondary caregiver report (e.g., Eisenberg et al., 2011; Rudasill et al., 2014). Parents and
secondary caregivers completed the entire CBQ-SF (94 items on 15 subscales), responding
to statements using a 7-point scale (1 = “Extremely untrue of your child”’to 7 = “Extremely
true of your child”, Rothbart et al., 2001). For the current study, we used scores from the six-
item Attentional Focusing subscale, which measures the reporter’s perception of a child’s
ability to focus on a given activity (e.g., “When building or putting something together,
becomes very involved in what s/he is doing, and works for long periods™). Internal
consistency for the subscale was adequate for parents (a = .66 at 30 months, a = .69 at 36
months, and a = .67 at 42 months), and secondary caregivers (a = .78 at 30 months, a = .82
at 36 months, and a = .75 at 42 months). These reliability estimates are similar to those
reported by Putnam and Rothbart (2006).

Observer Report.: We used the 10-item attention subscale of the Leiter-R Examiner Rating
Scale from the International Performance Scale — Revised (Leiter-R; Roid & Miller, 1997) to
obtain observer ratings of children’s focused attention during the laboratory visit. The
Leiter-R has been widely used in research to examine children’s cognitive and emotional
abilities (Roid, Pomplun, & Martin, 2009). The Examiner Rating Scale is typically scored
after the administration of the Leiter-R to report children’s behaviors during the assessment.
Items are rated on a 4-point Likert-like scale (0 = “rarely/never”’to 3 = “usually/always”)
and measures overall level of focused attention (e.g., “pays attention to details within
tasks™). We did not implement the Leiter-R tasks in the current study, but scored the
attention subscale items based on behaviors observed across all administered laboratory
tasks. At each measurement time point, research assistants used video recordings or live
observations of the laboratory tasks to score the Leiter-R Examiner Rating Scale. Observers
individually scored the rating scale, and then item-by-item scores were compared across
each pair of observers to reach consensus ratings of the child’s attention subscale scores.
Because we utilized the Leiter Examiner Rating Scale without conducting the Leiter-R, we
needed to establish that the focused attention ratings produced scale scores that met criteria
for inclusion in a confirmatory factor analysis (i.e., sufficiently reliable and unidimensional).
To establish unidimensionality of the attention scale, the items were subjected to a principal
axis factor analysis, with varimax rotation, resulting in a one-factor solution at 30 months
(Eigenvalue = 6.63, variance = 66.34%, a. =.94) and 42 months (Eigenvalue = 6.21, variance
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=62.08%, a =.93), and a two-factor solution at 36 months (first factor: Eigenvalue = 6.50,
variance = 65.01% and second factor: Eigenvalue = 1.18, variance = 11.8% at 36 months).
However, given the small percent of variance in the second factor at 36 months, and because
a scale using the one factor solution had higher internal reliability (a = .93), we chose to
retain the one factor solution for all time-points. At each age, we computed an unweighted
composite average score based on the 10 attention subscale items.

Performance Based Measures of Attention.

Token Sort.: This task was adapted from the bead sorting task of the Laboratory
Temperament Assessment Battery (LAB-TAB; Goldsmith & Rothbart, 1999). For Token
Sort, the experimenter brought a box with three colors of tokens mixed together and asked
the child to sort them, by color, into separate bins. The duration of the Token Sort task was
three minutes, but sometimes was stopped early under special circumstances (e.g., the child
became extremely upset and the parent requested the research assistants to end the task). We
coded the duration of the child’s engagement in actively sorting the colored tokens into the
three boxes as focused attention. If the child engaged in off-task behaviors, such as looking
around, wandering, going to the door, or playing with tokens instead of sorting them, the
duration of these behaviors was not scored as focused attention. Thus, we attempted to
capture the child’s persistence, engagement, instruction following, and interest with the
assigned task. The final score was the proportion of total time the child spent on the task as
instructed out the duration of the task (up to 3 minutes).

Toy Play.: This task was adapted from the sustained attention task used by Ruff, Capozzoli,
and Weissberg (1998). In this task, the child was asked to play with a set of toys on a table.
The experimenter sat in the room across from the child but did not interact with the child.
The task lasted up to five minutes, unless the task was stopped upon the parent’s request.
Within the five-minute period, the child’s engagement, focus, and on-task behaviors (i.e.,
keeping eyes and hands on the toys) were timed. It was considered inattention if the child
looked around but still kept the toys in hand because both hands and eyes were not on the
toy. This task provided information about children’s focused attention and engagement with
the toys when the experimenter was present in the room as a potential distractor. The final
score is the proportion of total time the child spent on the task as instructed (i.e., with eyes
and hands on the toys) out the task duration (up to five minutes).

Lock Box.: This task was adapted from Calkin’s (2002) task. For this task, the child was
shown how to open a lock and then was allowed to pick out a toy to take home with them at
the end of the lab visit. The toy was then put into a clear box and secured with a lock. The
child was given a ring of keys—none of which worked—and told to try to get their toy out
of the box while the experimenter left the room to get the next game ready. The task lasted
up to four minutes, unless stopped at the parent’s request. The child’s focused attention was
measured as duration of engagement with the keys or box with the intent to open the box.
The final score is the proportion of total time the child spent on the instructed task out of the
task duration (up to four minutes).
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As indicated earlier, although nature of each task was different, the main purpose was to
capture duration of attention given to the task by the child as instructed by the experimenter.
Therefore, we used duration (i.e., proportion of time spent on the given task) as the
representative composite score for focused attention.

Duration of focused attention was measured using Datavyu Software (Datavyu Team, 2014)
by watching videos of the task while simultaneously timing the duration of focused
attentions. Two coders timed the pre-defined behaviors based on instructions given to the
child for each task and used proportion scores to reflect the proportion of time in which the
child was attending to the task as instructed during the total task time. Approximately 20%
of data were coded by the two coders. Intraclass correlation ranged from .88 to .99 across
the three ages and three tasks, indicating good reliability.

Analytical Approach

To address our first research question—do ratings and performance based measures of
focused attention (FA) load on a single construct—we estimated two measurement models in
a confirmatory factor analysis (CFA) framework at each age. The hypothesized one-factor
models were estimated with the three task measures (Token Sort, Lock Box, Tay Play) and
three ratings (Parent-Report CBQ FA, Secondary Caregiver-Report CBQ FA, Observer-
Report Leiter FA) loading freely on a single latent factor. Alternative two-factor models
were estimated with the three task measures loading on a latent Task factor, and the three
ratings loading on a latent Rating factor, with a correlation estimated between the two latent
factors. Model indicators—the six measures of focused attention—were evaluated for
significant loadings. Any variable with non-significant loadings at all timepoints for either
the one-factor or two-factor models was dropped, and subsequent modeling was performed
to evaluate the factor structure of FA without the variable.

Absolute model fit was evaluated using model x2, Root Mean Square Error of
Approximation (RMSEA), and the Comparative Fit Index (CFI). Non-significant Xz values
(p>.05) indicate good fit, RMSEA values below .06 indicate close fit and values less than .
08 indicate acceptable fit, and CFI values above .95 indicate good fit and values above .90
indicate acceptable fit (Brown, 2006; Hu & Bentler, 1998). One- and two-factor models
were compared using the relative fit indices Akaike information criterion (AIC) and
Bayesian information criterion (BIC), where lower values indicate a model better represents
the data (Burnham & Anderson, 2004). Because both one-factor and a two-factor models
were based on the same covariance matrices, and the two-factor models have an additional
estimated parameter (correlation between the factors), we conducted a —2*log-likelihood
(-2LL) difference test with one degree of freedom to empirically compare fit between the
one- and two-factor models. A one-factor model with a significantly (o < .05) greater log
likelihood value than the two-factor model would be considered a poorer model and
therefore the two-factor model would be considered more parsimonious (Brown, 2006).
Essentially, this process tests whetherthe measurement models at each age are the
equivalent or invariant, and fo what degree the measurement models are the equivalent by
placing a series of increasingly restrictive constraints on the models. The most basic level of
equivalence is “configural” invariance, meaning that the factor structures are the same.
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Configural invariance establishes that all of the indicators significantly relate to the latent
factor at each time point. In statistical terms, each measurement model must have matching
sets of indicators, all with significant factor loadings. Model parameters (i.e., loadings,
intercepts, and residual variances) are freely estimated.

The next level of equivalence is “metric” invariance, meaning that the indicators relate to the
factor in the same way at each age (i.e., the factor loadings are identical over time). Metric
invariance establishes that the same construct is being measured at each time point. The
loadings of each measurement model are constrained at each age, so that, for example, the
loadings for Lock Box are fixed to be equal at each age, the loadings for Toy Play are fixed,
and so on. The metric model is then compared to the configural model, and if the scaling-
corrected difference in log-likelihoods (—2LL) is not significant, the metric model is
considered to be “not worse” than the configural.

The strongest level of equivalence we tested for is “scalar” invariance, meaning that the
latent constructs measured at each time point are on the same scale (i.e., the intercepts vary
consistently relative to the factor over time). Scalar invariance is necessary for mean
comparisons across age, and if scalar invariance is not established, comparisons of latent
factor means are not meaningful (e.g., the constructs could not be used to determine whether
older children have greater focused attention than younger children). In addition to
constraining factor loadings at each age as with the metric model, for the scalar model the
indicator intercepts are also constrained. The scalar model is then compared to the metric
model via a —2LL test.

Descriptive statistics of all study variables are presented in Table 1. Table 2 shows the
correlations between parent and secondary caregiver reported ratings of focused attention
with observer ratings based on the Leiter Examiner Rating Scale and performance based
measures of attention during the laboratory tasks. We examined correlations between
reporters’ ratings of attention across ages. There were significant, moderate correlations
within the three sources of reporters’ ratings from 30 to 36 months, from 36 to 42 months,
and from 30 to 42 months. However, correlations between parent-reports and reports by
secondary caregivers and observer reports were weak and significant for only 2 of 18
comparisons. Correlations between secondary caregivers and observer reports were
significant and moderate to strong in all comparisons.

We also examined correlations between performance based attention scores across ages.
There were significant, moderate correlations within the three measures at 30 to 36 months,
from 36 to 42 months, but correlations between 30 and 42 months were low within all three
measures as was the correlation between Toy Play at 36 and 42 months. However,
correlations between performance based scores were low and with only 6 comparisons
reaching significance.
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Comparison of One- and Two-Factor Models

To facilitate interpretation, all indicator variables were standardized at their 30-month values
(Mean = 0, Variance = 1). CFA modeling was conducted using Mplus version 7.11 (Muthén
& Muthén, 1998-2013). One- and two-factor CFA models are presented in Table 3. For the
one-factor model at 30 months, four of six indicators had non-significant factor loadings
(Lock Box, Toy Play, Parent-Report CBQ FA and Secondary Caregiver-Report FA). In the
two-factor model at age 30 months, all three indicators of the Task factor had non-significant
loadings, and one indicator of the Rating factor had non-significant loadings (Parent-Report
CBQ FA). For the one-factor models at 36 and 42 months, the loading for Parent-Report
CBQ FA was non-significant, as was the loading for Lock Box at 36 months. For the two-
factor models at age 36 and 42 months, the loadings for Parent-Report CBQ FA on the
Rating factors were non-significant. Comparisons of model fit are presented in Table 4

Because the loading for Parent-Report CBQ FA were non-significant at all time-points for
both one-factor and two-factor models, a second set of CFAs—herein referred to as the
“revised” models—were estimated excluding this set of variables. For the revised CFAs, the
patterns of significant loadings were similar to what was found with the original set of CFAs
that included Parent Report CBQ FA. Three of five loadings for the one-factor model at 30
months were non-significant (Lock Box, Toy Play, and Teacher Report CBQ FA). The task
factor loadings in the two-factor model at 30 months were non-significant. For the one-factor
36 month model, only one indicator, Lock Box, had a non-significant loading. All other
loadings were significant for one- and two-factor models at each timepoint. These revised
models are presented in Table 5 and fit comparisons are presented in Table 6

Both revised one- and two-factor models at 30 months did not fit well: single-factor fit,
x25) =15.42, p=.009, RMSEA = .119, CFI = .721; two-factor fit, yA4) =9.94, p=.059,
RMSEA =.093, CFI = .864. However, revised models at 36 and 42 months did fit well, with
all szalues non-significant, RMSEA = .000, and CFI = 1.000. The single-factor models at
36 and 42 months were more parsimonious (i.e. they did not fit worse) than the two-factor
models, as indicated by the non-significant p-values from the A-2LL tests, and lower AIC
and BIC values for the one-factor models. Focused attention was deemed to be most
concisely represented by a single-factor—rather than two-factors—and therefore the revised
one-factor models were retained for further measurement invariance testing. Because the
revised 30month models fit so poorly, each with three non-significant loadings, invariance
testing was conducted using only 36-month and 42-month data.

Measurement Invariance

A configural model was estimated by including the two measurement (CFA) models in a
single model with an estimated covariance between the two Focused Attention latent factors
at 36 and 42 months. Loadings, intercepts, and residual variances for each indicator were
freely estimated. Covaried residuals between tasks across age were also freely estimated
(e.g., residuals of Token Sort at 36-months were covaried with residuals of Token Sort at 42
months). These covaried residuals were estimated to account for identical measurement
instruments at different time points. To scale the latent factors in the configural model, the
loadings for the Leiter indicator at each age were set to 1.0, as it had the strongest loading in
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the individual CFAs. The Leiter intercepts at each age were set to 0.0. The configural model
fit very well, y229) = 28.45, p=.494, RMSEA = .000, CFI = 1.000.

A metric model was then estimated with indicator loadings constrained across age. To scale
the latent factors in the metric model, the variance of the 36 month latent factor was set to
1.0, and the Leiter intercepts were set to 0.0. The metric model fit well, y233) = 35.76, p
=.340, RMSEA = .025, CFI = .982. The metric model did not fit worse than the configural
model, ;(2(4) =6.780, p=.148, and all loadings were significant.

A scalar model was then estimated by constraining both indicator and intercept loadings
across age. To scale the latent factors in the scalar model, the factor mean and variance at
36months were set to 0.0 and 1.0, respectively. The scalar model fit well, y237) = 43.403, p
=.217, RMSEA = .036, CFI = .957. The scalar model did not fit worse than the metric
model, /1/2(4) =7.466, p=.113, indicating that the measurement of focused attention using
Token Sort, Lock Box, Toy Play, Secondary Caregiver-Report CBQ FA, and Observer-
Report Leiter scores were invariant from 36 months to 42 months.

Fit comparisons for invariance models are presented in Table 7. The final scalar model is
presented in Figure 1. Note that in the final scalar model, the covaried residuals across age
were all non-significant (o> .05), and are not included. Focused attention significantly
increased with age (Factor Mean at 36 months fixed at 0.000; Factor mean at 42 months =
0.629, p<.001). The latent factors of focused attention were also stable over this time
period, r=.738, p<.001, indicating that children with relatively high focused attention at 36
months were likely to have higher focused attention at 42 months.

Discussion

The purpose of the current study was to better understand the development of focused
attention in toddlers in light of differences in definitions of focused attention used in past
research (e.g., Ruff, Capozzoli, & Weissberg, 1998) and different measurement approaches.
In this study, we investigate focused attention behaviors of toddlers using ratings of attention
by parent and secondary caregivers and ratings by observers based on behaviors during a
series of 17 laboratory tasks. These rating measures are compared with performance on
laboratory tasks that were scored based on instances in which both eyes and hands were on
the task materials and behaviors were consistent with task instructions (e.g., with eyes and
hands on the toys). The research questions focused on whether performance based measures
of focused attention provide the same information as that based on more global ratings and
whether there is stability of focused attention across measurement times.

There are four main findings. First, parent-reported Child Behavior Questionnaire (CBQ)
scores were not strongly related to either the two other ratings of attention (secondary
caregivers and observers) or the three performance based measures (Token Sort, Lock Box
and Toy Play) across the three measurement ages. Second, when the parent-report variable
was excluded from analyses, a single factor model explained the common variance between
indicators of focused attention better than a two-factor solution. Third, by ages 36 and
42months but not at 30 months, the indicators of focused attention do measure a common,
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coherent single factor. Finally, the focused attention factor omitting the parent-report
measure shows measurement invariance between ages 36 and 42 months, which indicates
the factor structure, relation of indicators to the factor, and factor scale are consistent over
time. These findings are each discussed below.

The absence of strong correlations between the parent-report scores with the other ratings
based and performance based measures of focused attention is not completely unexpected.
Indeed, other researchers have reported that correlations between parent reports and those of
secondary caregivers on different measures of temperament, including the CBQ, in toddler
and preschool samples are low to moderate (Goldsmith, Rieser-Danner & Briggs, 1991;
Northam, Prior, Sanson & Oberklaid, 1987; Rudasill et al, 2014). However, it has been
thought that parent reports might be more reflective of a range of toddlers’ focused attention
behaviors due to those behaviors being observed in “real world” settings that are more varied
in context and structure (Anderson et al., 2002; Brocki & Bohlin, 2006; Lee, 2009; Toplak et
al., 2013). In contrast, performance based measures of focused attention in structured
laboratory settings measure specific and probably more limited aspects of focused attention,
as do ratings provided by the secondary caregivers based on observations in babysitting, day
care, or school-like settings and the ratings based on observations of behaviors during a
series of lab tasks. From this “settings” point of view, highly demanding or behavior
restricting settings such as the laboratory or school may require a different set of focused
attention skills than other settings, such as the home. Rothbart and Bates (2006) noted that
observed differences in parent versus other ratings of temperament may be due to context as
well as reference group; teachers have experience with a large number of current and former
students with which to compare a single child’s behavior, whereas parents likely have only a
few. Therefore, teachers, secondary caregivers, or researchers interacting with many children
in the same age range may be giving more normative ratings. In this vein, our study supports
extant research, with parent ratings providing a demonstrably different measurement of
focused attention, while other ratings and performance based measures providing more
similar measures of focused attention. Another explanation for the lack of association
between parent and caregiver reported focused attention may relate to the scales themselves.
Internal consistency of parent-reported focused attention was below .70 for each age,
whereas the internal consistency of secondary caregiver reports were a more cohesive
measure of focused attention (a range from .75 to .82). Putnam and Rothbart (2006) report
similar reliability among a sample of 3-year olds (a =.70), so such modest estimates of
internal consistency may be expected from this measure. However, lower reliability reflects
greater measurement error, and therefore correlations with less reliable scales tend to be
smaller than more internally consistent measures (Goodwin & Leech, 2006).

The difference between parent ratings of focused attention and the other measures is
reflected in the results of the correlations as well as in the results of the factor analyses. The
parent ratings do not load strongly on a latent factor. However, when the parent reports were
excluded from the model, the other measurement sources (secondary caregiver ratings,
observer ratings, and the three behavioral tasks) all loaded well on a single factor.
Interestingly, the model fit statistics at 30 months did not indicate a common, coherent single
factor, whereas by age 36 and 42 months the indicators of a single factor were stronger, as
reflected in the measurement invariant indicators. Thus, stability in the latent focused
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attention factor was present only from age of 36 to 42 months. This finding can be
interpreted in light of previous empirical findings of developmental changes in effortful
control between three and five years of age. Older children at older ages are theorized to be
better able to resolve attention conflicts and perform better on attention tasks (Rothbart et
al., 2008). The stability of the latent focused attention factor at the two older ages in the
present study may be reflecting greater consistency in toddlers’ skills. Differences in
performance at 30 months compared 36 and 42 months may be related to maturational
changes in brain structure and function. Brain processing during cognitive tasks involves
neural networks distributed across different brain regions that must be recruited to process
the different components of tasks, for example the visual, language, problem solving, and
inhibition components. Differences in the specific brain regions recruited across time during
task performance and in the level of processing effort have been found to differentiate
between levels of task performance (Molfese et al., 2010). The single factor solution found
to best fit the data for the ages tested in the present study could change if we extended the
age range tested to 48- or 60-months. Such as extension could allow for an investigation into
whether there is a continuation of a single factor model underlying the data from children at
these older ages or whether multi-factor models are present. Such multiple factors might be
linked to Stanovich’s (2009) framework posting the presence of algorithmic abilities and
reflective abilities as underlying children’s focused attention.

The models suggest that there is a meaningful dimension of focused attention among
laboratory task measures, especially at 36 and 42 months. However, many of the loadings on
the factors are lower than would be seen in more conventional applications of factor
analysis, say using a set of questionnaire measures. The bivariate correlations among the
measures are correspondingly small. Evidently, a child’s performance from task to task was
likely to be rather inconsistent, despite the presence of a latent trait of attentional focus
across the tasks. This could reflect both developmental stage—children’s performance levels
being inconsistent from moment to moment in toddlerhood, as well as task differences—
such as whether the experimenter was present during the task or not (present during Toy
Play, not for the other tasks), or whether there was a visible, material incentive (as in the
Lock Box, but not for the other tasks). Further research is needed to explore how differences
in attention task demands influence performance scores of toddlers.

Limitations and Future Directions

The present study provides evidence of the relations between ratings of focused attention
and performance based measures useful for understanding the development of focused
attention in toddlers. Some limitations in the current study must be acknowledged. First, our
sample is mainly representative of middle and higher income level White families, thus
limiting generalizability. Future research should examine whether the relation between
measures of focused attention differs in lower income or more diverse populations. Second,
although most toddlers were from intact families and we encouraged fathers/partners to
complete the CBQ, we did not have many fathers/partners who provided data. Future
research also would benefit from getting ratings from more fathers, to complement the
ratings from mothers. (Mayfield et al., 2016).
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Conclusions

The current study contributes the existing literature in several important ways. Parent-reports
of focused attention, while frequently used sources of temperament information, do not align
with the other sources at the ages measured. This finding should encourage researchers to
use multiple methods for obtaining data on focused attention. Not only do single measures
have inherent risks of measurement error, but some measures that have been commonly used
in studies of focused attention and other self-regulation skills such as parent-report measure
did not load on the same construct as the other five measures. Thus, the parent report
measure used in this study lacked evidence of the criterion-related validity needed to support
its use by itself as an indicator of focused attention. This study demonstrates, based on the
measurement indicators for other measures used in the study, that focused attention as a
construct is coherent and consistent in its structure from 36-months and 42-months but not at
30-months. Although focused attention is likely present at 30 months and improves across
toddlerhood, additional explorations of measurement approaches are needed to establish the
presence of the construct at 30 months.
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Figure 1.

One-factor scalar invariance model at 36 and 42 months (unstandardized parameters).

** p< .01, *** p<.001. SC= Secondary Caregiver
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