


 

 

ABSTRACT 

Molecular Genetics and the Development of Reflexive Visual Attention 

by 

Rebecca A. Lundwall 

This study elucidates genetic influences on the development of reflexive attention. 

Reflexive attention refers to processes that rapidly shift attention, typically from one 

location in space to another (such as to an object that appears suddenly or moves). Our 

previous work has shown that normal adults differ by genotype on a reflexive attention 

task (Lundwall, Guo & Dannemiller, 2012). The current study attempts to show that 

normal children show similar genotypic differences. Differences in reflexive attention by 

genotype are not certain because gene expression and experience differ in children 

compared to adults. However, understanding association by genotype could be important 

to the early identification and treatment of attention-related disorders commonly 

diagnosed in childhood (e.g., attention deficit disorder; ADHD).  

Here I follow-up with children (aged nine -16 years; N = 332) who participated as 

infants in visual attention studies (see Dannemiller, 2004). I investigate genetic 

associations with reflexive attention measures at both time points as well as associations 

with stress, health, and academic performance.  The genetic markers (i.e., APOE, BDNF, 

CHRNA4, COMT, DRD4, HTR4, IGF2, MAOA, SLC5A7, SLC6A3, and SNAP25) are 

related to brain development and/or to the availability of neurotransmitters such as 

acetylcholine, dopamine, or serotonin.  

One of the more interesting findings is that markers on CHRNA4, DRD4, IGF2, 

and MAOA predict the trajectory of the development of reflexive attention from infancy 



 

 

to childhood. Another interesting finding is that, unlike with our previous study with 

adults where cost dim was most sensitive to individual differences, with this child sample 

cost bright (the response time cost of a single bright, contralateral pre-cue) was 

associated with markers on BDNF, MAOA, and SNAP25. These genes are associated with 

brain growth, neurotransmitters such as dopamine, and neurotransmitter release into the 

synapse, respectively. A specific marker (rs6323) on MAOA was associated with seven 

child attention-task outcomes. From these and related results, I conclude that individual 

differences in reflexive attention and its development are related to several genetic 

markers including dopaminergic genes (implicated in disorders of attention such as 

ADHD).
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Chapter 1: Introduction 

An important goal of cognitive neuroscience is to improve our understanding of 

the development of cognition, including individual differences in development. Attention 

is one aspect of cognition that is vital to success in a variety of life activities such as 

avoiding dangers (e.g., predators or traffic), obtaining food, succeeding in school and 

work, and engaging with society (e.g., family life).  Children can show deficits in 

attention from early in life. Attention-deficit disorder (ADHD) is relatively common; the 

prevalence of clinically significant ADHD symptoms in children is 4.19% for males and 

1.77% for females (Cuffe, Moore & McKeown, 2005). Several other psychological 

disorders also have a component of attention deficit (e.g., Alzheimer’s disease, anxiety, 

Asperger’s syndrome, autism, depression, eating disorders, post-traumatic stress disorder 

[PTSD], and schizophrenia). While this is not a case-control study (with affected and 

unaffected children), many of these disorders are known to be influenced by multiple 

genes (along with environmental factors) that contribute to their development (Bobb et 

al., 2005; Doyle et al., 2005; Rietveld, Hudziak, Bartels, van Beijsterveldt & Boomsma, 

2004).  This means that there are typically developing children who carry risk alleles for 

a disorder but who do not meet criteria for the disorder. Although an individual may not 

show a frank disorder, subtle differences in performance, such as those exhibited on a 

reflexive attention task, have still been observable in adults (e.g., Lundwall et al., 2012).  

Literature on the development of reflexive attention in children, however, is 

relatively sparse (Dye & Bavelier, 2010; Konrad et al., 2005). Some researchers have 

called for studies on the developmental course of genotypic differences in infant attention 

based on observing associations between specific genes and early visual attention 
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(Holmboe et al., 2010). Studies of genetic influence on the development of attention 

could make an important contribution to our understanding of development, and 

treatments could be improved if causes were better understood. In particular, 

understanding genetic influence on the development of visual attention might be 

important to help explain other symptoms or to monitor early signs of disease. For these 

reasons, I recruited 329 follow-up participants from an available sample of 833 eligible 

children who participated as infants in visual attention studies (see Dannemiller, 2004) by 

collecting behavioral data using new attention tasks and specific genetic information 

from buccal (inner cheek) cells. 

Genetics Background 

An individual’s genetic code consists of long strands of nucleotide bases; the 

nucleotide bases and their abbreviations are cytosine (C), guanine (G), adenine (A), and 

thymine (T).  The 'double helix' of deoxyribo-nucleic acid (DNA) is created from two 

strands of nucleotide bases linked by their complementary base pairs: the base A always 

forms a base pair (bp) with T, and the base G forms a base pair with C. These base pairs 

are organized into genes (that have coding and non-coding regions) and non-genetic DNA 

sequences (that is, sequences outside of a gene). The functions of non-genetic DNA 

include promoters, enhancers, and silencers (see Borok, Tran, Ho & Drewell, 2010; 

Gagniuc & Ionescuu-Tirgoviste, 2012; Maston, Evans & Green, 2006), and functional 

pseudogenes (Svensson, Arvestad & Lagergren, 2006).  Many genetic markers are in 

non-coding regions of DNA and several of those in this study are in known or suspected 

promoter regions. 
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Each gene produces a protein (such as a neurotransmitter, enzyme, or receptor) by 

assembling a string of amino acids, each specified by a set of three sequential base pairs 

called codons. A codon makes an amino acid and a single nucleotide base change on a 

gene (i.e., a single nucleotide polymorphisms, or SNP) can alter the amino acid that is 

produced by a codon and therefore alter the functioning of the protein that is produced by 

the gene. If the change is related to the creation or availability of a neurotransmitter, then 

it is often informative to associate these SNPs with performance on an appropriate 

cognitive measure. Polymorphic alleles exist when there are alternate forms that may 

occur at a given position in the genetic code. In a similar way, the number of identical 

copies of longer sections of base pairs (called variable number tandem repeats, or 

VNTRs; see Figure 1) can also be associated with performance on behavioral measures. 

VNTRs are inherited from one’s biological parents in the same way that SNPs are. An 

alteration in one of the SNPs or the number of copies of a VNTR will often affect the 

functioning of the entire gene. This altered functioning is not limited to those with a 

diagnosable disorder such as ADHD. Many polymorphisms, in fact, occur in the normal 

population at a frequency high enough that they can be used as a grouping factor. These 

polymorphisms are said to be risk alleles for the disorder. Disorders that are influenced 

by the risk alleles from many genes are said to be polygenetic. 

Figure 1. The top row represents a person with three repeats (copies) of a variable 

number tandem repeat (VNTR). The bottom row represents a person with two repeats. 

Slashes separate the repeats. 
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The markers that we have in the current data set include 39 SNPs on 11 genes. 

COMT, DRD4, IGF2, SLC6A3, and SNAP25 are related to the availability of dopamine. 

APOE, CHRNA4, and SLC5A7 are related to the availability of acetylcholine. BDNF 

and HTR4 are related to the availability of serotonin while MAOA is related to the 

availability of both dopamine and serotonin (see Table 1 for more details). The analysis 

of two VNTRs (one on SLC6A3 and one on MAOA) has been delayed, but will be 

available later. Genetic markers will be analyzed individually, based on the gene to which 

they belong, and based on the neurotransmitter which they influence.  

Association studies between attention tasks and certain genes generally use mean 

RT differences between those predicted to have more or less neurotransmitter available as 

determined by their genotype.  

In particular, I am asking (1) whether specific candidate genes are associated with 

reflexive attention measures collected in infancy; (2) using a smaller sample, whether the 

genes are associated with reflexive attention in children; (3) also in the smaller sample, 

whether genes influence the trajectory of attentional development; (4) also using the 

smaller sample, whether performance on the infant reflexive attention task is related to 

performance on either or both of the child reflexive attention tasks (this portion of the 

study is longitudinal and will consider if factors such as birthweight and socio-economic 

status [SES] mediate the influence on child outcomes); and (5) if variation on the 

measure of reflexive attention collected in infancy might be related to current outcome 

measures such as academic performance or health outcomes. 
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Chapter 2: Literature Review 

This research is at the intersection of two main ideas. The first is that attention 

develops over the span from infancy to childhood, and the second is that there are genetic 

influences on attention and the development of attention. The first main idea will be 

discussed immediately. The second main idea is discussed after an overview of methods 

used to study cognition (including attention) over the span from infancy to childhood. 

First, concerning the development of attention, I am concerned not merely with 

age-related increases in response speed on attention-related tasks (which would be 

expected due to motor development1), but I am concerned more with the development of 

cognitive aspects of attention that might be, for example, related to the ability to attend to 

relevant task information and ignore irrelevant information. I suspect there will be 

genetic influence on this ability. The study of how genes influence the development of 

reflexive attention belongs to the domain of individual differences research and uses 

differences found in one time-period or situation to predict differences in another time-

period or situation. 

Individual differences research often involves tracking early differences to predict 

who will have difficulties later or who will benefit from intervention (Colombo, 1993, p. 

xiv-xvii). In this case, I am using differences found in one time-period or situation to 
                                                 
1 The cued orienting task uses difference scores that calculate performance from a 

baseline RT; this helps control for pure RT differences between individuals. Essentially 

the questions this paradigm answers are:  How much faster are participants when 

responding to a target which follows an ipsilateral cue? And, how much slower are 

participants when responding to a target which follows a contralateral cue? 
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predict (associated) differences in another time-period or situation. I am hopeful that my 

research will improve specific understanding of the development of reflexive attention 

and general understanding of the development of cognitive processes. Part of the 

rationale of conducting tests of early infant cognitive skills and associating these tests 

with later academic achievement is to understand the development of cognitive processes. 

As an example, infant habituation tasks predict child intelligence quotient (IQ; Fagan & 

Singer, 1983). This seems to imply that complex intellectual functions necessary for 

academic achievement may be traced to the integration of simpler functions (Colombo, 

1993, p. 13). When such stability2 is evident between infant and child measures then it 

tells us something about what is being measured in infancy. For example, infant IQ 

measures do not correlate well with childhood IQ measures. This implies that these tests 

are not measuring the same construct, probably because infant IQ measures are based on 

sensori-motor tasks and cannot be expected to predict accurately later cognitive 

functioning (Fagan & Singer, 1983). This finding led researchers to instead examine 

cognitive processes that might underlie both infant and child performance. In this effort, 

studying information processing, or the speed with which stimuli are handled cognitively, 

has been a productive approach and forms the background for the current study. 

Many of the methods used to test infant information processing rely on looking 

duration, which Fantz (1961) introduced. His method used pairs of stimuli of varying 

complexity (e.g., stripes, bull’s eye, checkerboard, square, and circle) and Fantz 
                                                 
2 In longitudinal studies, stability refers to consistency in the relative rank ordering of 

individuals with respect to the expression of ability (Borenstein, Slater, Brown, Roberts, 

& Barrett, 1997). 
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compared the looking times to each stimulus in a pair. Using similar logic, researchers 

have determined that simpler stimuli tend to provoke more rapid habituation in typically 

developing infants (Cohen, Gelber & Lezar, 1971; Colombo, 1993, p. 13; providing 

evidence that cognitive processes are involved) and at-risk infants habituate to stimuli 

more slowly (Fagan, 2000; providing evidence that cognitive processing speed is related 

to risk). There is some evidence that infants who process stimuli quickly tend to have 

shorter looking times in infancy and higher IQs in childhood (Fagan & Singer, 1983). 

Correlations between infant time-to-habituate and child IQ range from r = -.38 to -.75 

(see Borenstein, Slater, Brown, Roberts & Barrett, 1997). Furthermore, correlations 

between IQ and information processing speed are not task specific (e.g., they hold with 

mental addition, rotation, and visual search; Kail, 2000) and appear, therefore, to involve 

more general ability. Change in speed of processing might reflect age-related change in 

rate of neural communication (perhaps associated with the number of synaptic 

connections and/or myelination). Support for this lies in the fact that people with 

neurological impairments like multiple sclerosis often show slower information 

processing and that most children with mental retardation respond relatively slowly (Kail, 

2000). Taken together, this suggests that looking time may indeed be an indicator of 

information processing speed, which becomes the foundation for academic achievement 

and intelligence. 

Below is a review of four commonly used infant measures of information 

processing. These measures depend on looking duration, latency to first look, and other 

visual information processes. Understanding how these measures work may tell us 

something about the task Dannemiller (1998, 2000, 2001, 2004, 2005) used in his studies 
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and whether the task might be useful in predicating child outcomes. This review is useful 

because, in the current study, data from the infant task will be used to predict child 

attentional performance, attention-related health diagnoses, and academic achievement. 

Paired Comparisons 

History. Paired comparisons have been used extensively by Fagan (see Fagan & 

Singer, 1983). The paradigm is based on the infants’ preference to look at some stimuli 

over others (see Fantz, 1961).  Paired comparison tasks are also known as novelty 

preference tasks because one tendency of infants is that they will spend longer looking at 

novel as opposed to familiar stimuli (Fagan & Singer, 1983). Fagan did not consider his 

approach to measure recovery from habituation or information processing speed. Rather, 

he familiarized infants with stimuli and considered preference for novelty on later 

presentation to indicate the strength of the memory for the familiar stimulus (Dougherty 

& Haith, 1997). However, it seems clear that attention must be involved in order to 

process a stimulus enough to remember it later. 

How it works. Fagan’s test (also called the visual recognition memory task) uses 

‘novelty problems’ with standardized study times (Fagan & Singer, 1983).  Standardized 

study times equate the task across infants. There are typically several paired comparisons 

presented to each infant (in Fagan’s task, there are 12 pairs; Fagan & Singer, 1983). Rose 

and her colleagues have also used paired comparisons (e.g., Rose & Feldman, 1997; 

Rose, Feldman & Jankowski, 2003; Rose & Wallace, 1985). Familiarization with a 

“standard” stimulus will usually lead to preference for a novel stimulus when it is 

presented along with the familiar stimulus. However, infants sometimes show a 

preference for familiarity rather than novelty. This might be due to incomplete processing 
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during the standardized study times. Evidence for this lies in reduction of preference for 

novelty when presentation times are decreased and in preference for familiarity occurring 

more commonly in infants who have decreased information processing speeds (e.g., 

preterm infants and at-risk infants; Colombo, 1993, p. 67). Fagan notes that the same 

basic paradigm (preference for novel stimuli) can be used in detection tasks with older 

children (Fagan & Singer, 1983). A nice feature of this measure is that participants can 

take a break between sets of stimuli, which is helpful in reducing attrition due to the 

frequent fussiness of infants. 

Raw measures. Generally, the recorded measure is the percentage of pairs to 

which the infant looked at the novel stimuli more than the familiar stimuli. This is similar 

to recovery of habituation (i.e., dishabituation) however, Fagan’s task uses standardized 

presentation times (duration or instances of looking away after a specified amount of 

looking toward a stimulus) rather than presentation to habituation. Since novel and 

familiar stimuli are presented together at test, percentage of looking time toward novel 

versus familiar stimuli can also be obtained.  

Psychometric properties. Fagan estimates concurrent reliability for his task at r 

= .60 (Fagan & Singer, 1983). Lagged reliability from infants (4 to 7 months old) to 4- 

and 7-year olds was r = .37 and .57, respectively (Fagan & Singer, 1983). Although, in 

this case, Fagan’s concurrent and lagged reliability estimates to seven year olds are close, 

Colombo (1993) suggests that lagged reliability (aka stability) is often significantly better 

than concurrent reliability, possibly due to inconsistency in infant behavior (e.g., 

fussiness or lack of interest in the task). As Colombo points out, however, if the child 

task is highly reliable, then a moderately low reliability infant task can still provide 
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reliable lagged predictions. For example, if the infant measure's reliability is .4 and the 

child measure's reliability is .9 then the square root of the product of .4 and .9 (.36) is .6, 

which would be the reliability of the lagged prediction. 

Habituation  

History. Decline of fixation to an unchanging stimulus came to be called 

habituation because it resembled neural habituation (Sokolov, 1960). However, recovery 

of looking duration with novel stimuli implies that habituation is not due to receptor 

adaptation or fatigue (Colombo, 1993, p. 14) but to cognitive processes. Current use of 

habituation as a measure of infant cognition is based on Bornstein’s (1985) idea that the 

speed with which an infant habituates is an index of how quickly the infant processes the 

stimulus. This is in contrast to Fagan’s focus on looking time to a new stimulus (novelty 

preference).  

How it works. In this paradigm, infants are shown a stimulus (either continuously 

or repeatedly) until they look away for a fixed period. Presenting a stimulus until an 

infant habituates to it equates participants (as opposed to equating the task, as Fagan did; 

see Colombo, 1993, p. 67). Unlike Fagan’s task, infants cannot take a break, as this 

would disrupt habituation. This makes the task difficult to use with fussy infants. The 

task is also difficult to use with infants older than 9 months due to their tendency to 

interact with their environments more actively (i.e., they prefer moving around and 

touching things). 

Raw measures. Researchers normally record the number of trials to reach a 

habituation criterion (looking for a certain time on a certain number of trials and then 

looking away for a certain time on additional trials). Researchers can also look at the 
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pattern of habituation (e.g., Bornstein & Benasich [1986] looked at initial increase and 

then decrease in looking time over trials versus infants who began immediately to 

decrease looking time over trials). 

Psychometric properties. Habituation tasks typically do not have high test-retest 

reliabilities (r = .30-.45; Borenstein et al., 1997; Kavsek, 2004; McCall & Mash, 1995). 

Several possible reasons include rapid development between test and retest (retest 

typically occurring a week or a month later), the low number of items, and moment-to-

moment fluctuation of infant attention. A meta-analysis has found that weighted and 

normalized correlation between infant habituation and childhood cognitive performance 

is r  = .37 (Kavsek, 2004). 

Violation of Expectation

History. Baillargeon has used this method extensively (Aguiar & Baillargeon, 

2003; Baillargeon, Li, Luo & Wang, 2006; He, Bolz & Baillargeon, 2011; Hespos & 

Baillargeon, 2008; Onishi, Baillargeon & Leslie, 2007; Wang, & Baillargeon, 2005; 

Wang, Baillargeon, & Paterson, 2005). Wang and Baillargeon (2008) discuss this method 

as an extension of change blindness research. By this, they mean that the inability to 

notice a change after a brief visual disruption can be regarded as a form of change 

blindness. Violation of expectation has also been described as sharing a similar history 

with novelty preference (paired comparison) designs (DiLalla et al., 1990, Dougherty & 

Haith, 1997). This is likely because a violation of expectation can be thought of as 

analogous to novelty and expected scenarios can be thought of as analogous to familiar 

stimuli.  
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How it works. Baillargeon and colleagues use, for example, extendable props and 

trap doors to make a previously shown but recently hidden item disappear or change size 

while obscured behind another object (see Figure 2; Wang & Baillargeon, 2008). In the 

paradigm used by DiLalla and colleagues (1990), the infant was shown a four-minute 

film that contained a series of brightly colored "bouncing" stimuli. The film was 

presented on either side of fixation in either a predictable (e.g., left-right) spatiotemporal 

pattern or at random.  When the film is currently or was recently presented in a 

predictable pattern, infants often anticipate (orient to) where the stimuli would be 

expected to appear next. Dougherty and Haith (1997) used a similar method in their 

VExP task. That is, they presented stimuli in either predictable patterns or at random. 

Both DiLalla and Dougherty refer to their tasks as visual expectation tasks. 

 
Figure 2. Schematic of a common violation of expectation experiment. 1) The 

infant is shown a toy; 2) the toy is covered and slid across a table where it secretly drops 

through a trap door; 3) the cover is removed; and 4) the missing toy often surprises 

infants. 

Raw measures. Wang and Baillargeon (2008) used looking times (which may 

indicate processing speed). DiLalla and colleagues (1990) and Dougherty and Haith 

(1997) primarily used RT latency to a target (which likewise indicates information 
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processing speed) and percent anticipation scores (for correct eye movements under 200 

ms), which indicates pattern learning. 

Psychometric properties. Dougherty and Haith (1997) report coefficients for 

intraclass reliability by block of .80 or better. Infant visual RT to look at stimuli 

correlates with childhood visual RT (r = .51) and infant visual anticipation performance 

correlates with childhood IQ (r = .53 verbal, .43 full; Dougherty & Haith, 1997). 

Preferential Looking  

History. Fantz (1961) is usually credited with first using infant preferential 

looking to determine infant perception. Teller (1997) modified Fantz’ task extensively 

and pioneered the use of preferential looking to contrast gratings to determine infant 

visual acuity. A contrast grating is a series of bars that alternate luminance values. 

Contrast gratings can also vary in spatial frequency (thickness) of the bars. See Figure 3. 

 

Figure 3. The image on the left has low spatial frequency (widely spaced bars) 

while the image on the right has high spatial frequency (more narrow bars fit in the 

designated space). 
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How it works. Teller (1997) presented a gray patch (left or right of fixation) side 

by side with a grating pattern. The grating patterns were designed so that, if visual acuity 

were poor, the grating would look identical to the gray patch (i.e., the average luminance 

was identical). Teller reasoned that, if an infant can see the grating pattern, he/she will 

look more at the grating than at the gray patch (or blank field, which was identical to the 

background across the display). She called the task “double psychophysics” because it 

collects data on the observer’s responses as he/ she “reads” the infant as well as the 

infant’s responses (via the observer). Teller argued that, because she had a clear external 

reference point of what was correct (the side with the grating), the task was an 

improvement over other preferential looking tasks with no clear “correct” response.  

Teller's innovation was in combining preferential looking with a psychophysical 

forced choice procedure. The adult who is observing the infant makes a forced choice 

about the right versus left location of the grating based on the infant's cues. The adult 

observer is “blind” to the location of the grating versus the blank field. The side on which 

the grating appears is randomized across trials, and multiple trials (typically greater than 

10) are presented at several “levels” of the stimulus variable of interest. For example, in 

measuring visual resolution acuity, a high contrast grating would be presented at several 

spatial frequencies thought to bracket the infant's acuity threshold. For gratings that are 

easily visible, it is typically very easy for the adult observer to guess the side with the 

grating because the infant sends clear signals that he or she can see the grating. For 

gratings with high spatial frequencies, it is more difficult for the infant to see the grating 

and to distinguish it from the blank field with the same luminance. In these cases, the 
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adult observer is likely to be near chance when guessing the locations of these higher 

spatial frequency gratings. 

Raw measures. The adult observer’s judgments of the side to which the infant is 

looking are termed “correct” if they correspond to the side of the display with the grating. 

It is important to remember that these are not literally “correct” trials since the infant is 

not capable of receiving instructions on where to look. Filtering the infant’s responses to 

the stimulus through the observer is what led Teller to call Forced Choice Preferential 

Looking (FPL) “double psychophysics,” as mentioned earlier. When the percentage of 

correct judgments is plotted as a function of the spatial frequency of the grating, a typical 

psychophysical function is evident if enough trials have been presented at each spatial 

frequency (see Figure 4). The spatial frequency that produces a predetermined proportion 

(typically 71% or 75% correct) is then taken as the infant's acuity threshold. 
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Figure 4. A contrast sensitivity function is the curve of the visibility of a pattern 

as a function of spatial frequency and contrast.  

 

 Dannemiller (1998, 2000, 2001, 2004, 2005) used a modification of Teller's FPL 

to investigate the development of visual orienting (reflexive attention) and selective 

attention in infancy. Instead of using gratings versus blank fields, the two sides of 

Dannemiller’s display had clearly visible vertical bars but, on one side only, one of the 

bars oscillated horizontally (see Figure 5). Attention is said to be captured by movement 

because movement is usually difficult to ignore. There are developmental changes across 

infancy in the percent of capture (see Dannemiller 2000) and movement is not quite as 

compelling for infants as for adults.  
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Figure 5. Monochromatic representation of infant visual display. The actual 

presentation had red and green bars. 

 

In addition to using movement, Dannemiller (1998) had the movement compete 

with the other clearly visible static bars in the display. He manipulated the characteristics 

of these competing distractors, and adapted FPL so that the observer makes speeded 

forced-choice judgments about the location of the moving bar, making it possible to 

determine how selectively the infant orients toward the movement when it is in 

competition with various configurations of static bars. The task is an attention task 

because infants “select” the side with the moving bar at significantly above chance and 

because infants are influenced by distractors (i.e., the static bars influence looking side 

even when the moving bar does not capture attention, so attention is not random across 

the display). Nevertheless, the task is different from visual search because infants cannot 

be instructed. The percentage of “correct” judgments can be used as a simple measure of 
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the selectivity of orienting. This percentage can range from near 50% to 100%. PC refers 

to the percent of instances where the observer’s decision as to the side of the display 

where the infant was looking matched the side of the display where the moving bar was 

actually located. Additionally, the latency for the observer to make these judgments is 

recorded, and this average latency can be used as a dependent measure as it reflects how 

easy the infant is for the observer to read. This is a useful measure of infant reflexive 

attention since an infant’s PC judgments are usually well above chance but there is 

evidence of the influence of static bars on attentional capture.  

Psychometric properties. Attrition in preferential looking studies tends to be 

about 30-40%. The attrition rate may affect validity. However, this is common for infant 

studies (because infants are frequently fussy or uncooperative with the researcher’s 

objectives).  

No studies could be found using FPL to predict future cognitive outcomes. It has, 

however, been used to predict current status with autism (e.g., see Pierce, Conant, Hazin, 

Stoner & Desmond, 2011). This suggests that preferential looking may be useful to 

predict risk for future attention related disorders such as autism and ADHD as well as 

general intellectual functioning or academic achievement. The lack of data on how well 

and what FPL predicts is a motivating factor in this study. 

The measures described above (paired comparisons, habituation, violation of 

expectation, and preferential looking) can be used to study the foundation of infant 

cognitive skill that predicts later child IQ or academic achievement. Researchers who 

have used these methods typically postulate that information processing and/or strength 

of memory underlie the correlation of infant looking measures with later child IQ tests.  
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Another underlying cognitive skill could be inhibition of attention (i.e., the ability to 

disengage attention or ignore information that is familiar or irrelevant). McCall and Mash 

(1995) hypothesize that infants who ignore surrounds and focus on stimuli early in life 

might have higher IQs as children. This is interesting considering that the outcome 

measure that most commonly showed significant differences between genotype groups in 

our adult study (Lundwall et al., 2012) was the cost dim measure. This measure indicates 

longer response times when the target was preceded by a contralateral (invalid) cue for 

“at risk” genotypes (defined by previous research and/or association with attention 

related disorders) than for the lower risk genotypes. We used a modification of Posner’s 

paradigm (Posner & Cohen, 1984). In this paradigm, attention that is captured (engaged) 

at one location must be disengaged prior to moving attention to a new location (i.e., the 

three stages of orienting are engage, disengage, and move; Posner, Walker, Friedrich, & 

Rafal, 1984). Even when movement of attention occurs without eye-movement (i.e., by 

orienting to objects in the periphery), there are increased response time (RT) costs 

associated with the extra steps of disengaging and moving attention which are not 

involved when a cue and a subsequent target appear in the same location. That is, an 

invalid cue involves a disengage step prior to responding to the target that a valid 

(ipsilateral) cue does not require. This suggests that the ability to disengage from 

irrelevant stimuli quickly in infancy may contribute to a similar cognitive skill later in 

life. It is possible that the infant skill affects more complex skills, including academic 

achievement and intelligence scores.  

It should be noted that Johnson and Tucker (1996) used suddenly appearing 

stimuli in a manner similar to Posner and Cohen (1984). However, Johnson and Tucker’s 
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paradigm is most similar to Teller’s FPL because Johnson and Tucker used eye 

movements to targets on flanking computer monitors and recorded PC. Results both from 

Dannemiller’s (1998, 2000, 2001, 2004, 2005), and Johnson and Tucker’s (1996) 

paradigms show development of reflexive attention over the range of approximately 2 to 

6 months of age. Nevertheless, we do not have an understanding of what these findings 

might predict later in development. 

Childhood Measures of Attention 

In children, attentional processes are commonly measured using computer tasks. 

Sustained attention is measured with an effortful task requiring vigilance over time. An 

example would be a task that presents a stream of stimuli, some of which require a 

response and others that require that a response be withheld. The Continuous 

Performance Test (CPT; Conners, 1992) and the Sustained Attention to Response Task 

(SART; Bellgrove, Hawi, Kirley, Gill, & Robertson, 2005) are two examples. Sustained 

attention develops in children from 6 -15 years of age (Lin, Hsiao & Chen, 1999). Other 

tasks, which also rely on more volitional aspects of attention, likewise show development 

within childhood.   For example, in a video game-like sustained attention task, Mitchell, 

Chavez, Baker, Guzman and Azen (1990) show that the RTs of elementary school aged 

children decrease and become less variable with age. Dye and Bavelier (2010) used a 

visual search task and found attentional skills to develop in children aged 7 to 17 years. 

Likewise, Gupta and Kar (2009) show that volitional attentional disengagement (as 

measured by a task switching test) develops from seven to nine years old. Other 

researchers have found that both volitional attention and the way it combines with 
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reflexive orienting are immature in preschool children compared to older children and 

adults (Ristic & Kingstone, 2009).  

The development of sustained attention may or may not suggest that reflexive 

attention also develops in childhood. The Attentional Network Task for Children (ANT-

C; see Rueda et al., 2004) is commonly used to study both reflexive and volitional 

attention. The ANT-C has its foundations in Posner’s tripartite model of attentional 

orienting, described above. However, an earlier version of Posner’s task (Posner & 

Cohen, 1984) used spatial cuing with either valid (ipsilateral to where the target would 

subsequently appear) or invalid (contralateral) cues and the ANT-C does not use invalid 

cues and therefore does not calculate RT costs. Enns and Brodeur (1989), however, did 

use a cued-orienting paradigm with valid and invalid cues. They found that children (ages 

six or eight years) processed targets in non-cued locations more slowly than adults (20 

years of age), thus providing evidence of the development of reflexive attention across 

this age range. Schul, Townsend, and Stiles (2003) likewise found that orienting and 

disengaging attention were all progressively more accurate and faster through the school 

years (7-17 years of age). 

In summary, previous researchers have given us some clues to how attention 

develops. Measures of infant cognition, such as habituation and paired comparisons 

(Bornstein, 1985; Fagan, 1970; Fantz, 1961), necessarily involve attention and can be 

used to investigate infant attention and predict later cognitive functioning. Studies using 

these methods have found that infant measures of cognition can predict later cognitive 

performance (Dougherty & Haith, 1997; Fagan & Singer, 1983; Kavsek, 2004; Rose & 

Feldman, 1997; Rose et al., 2003; Rose & Wallace, 1985). It is useful to know, prior to 
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engaging in a longitudinal study, that previous studies have found relations between 

infant performance and later childhood performance—even if the tasks used are capturing 

a more general construct than of interest in the current study (which uses Forced Choice 

Preferential Looking and Spatial Cueing).  

I expect similar or increased predictive power between the infant reflexive 

attention task and the child reflexive attention tasks over that found in an infant attention 

to child IQ prediction because the former two tasks are more conceptually related. 

However, some infant information processing tasks might predict child IQ better than 

they do a child version of the same task. This might be because the construct has shifted 

from infancy to childhood and a task that appears to be measuring the same construct is 

not actually doing so.  This argument is a common concern in a wide range of 

longitudinal studies involving infants and children: the constructs either cannot be 

measured in the same manner, or have different meanings given the rapid physical, 

cognitive, and socio-emotional development between infancy and childhood (Bontempo, 

Grouzet & Hofer, 2011; Glück & Indurkhya, 2001). One example is the development of 

language and the inability to give instructions to infants versus the expectation for 

instruction experienced by children and adults. The role of instructions from the 

experimenter, in this case, can significantly change the meaning of the task. On the other 

hand, stability scores in the research predicting child outcomes from infant information 

processing tasks suggests the infant attentional tasks may be tapping cognitive abilities 

which are the foundation for later child attention and academic achievement. 

In short, it appears likely that information processing ability develops in infancy 

and continues across the school years. It is less clear how infants who do well on an 
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infant reflexive attention task will do on a child reflexive attention task.  That is, 

longitudinal studies are needed to extend understanding of the development of reflexive 

attention. An additional component, discussed below, is the need to examine genetic 

influence on the development of reflexive attention in a longitudinal study. 

Investigating Genetic Influences on Attention and the Development of Attention 

The second main idea in the current study is that there are genetic influences on 

attention. Several studies suggest this. For example, Bellgrove and Mattingley (2008) and 

Comings and colleagues (1996) both found genetic influence on attention generally. In 

addition, there are some studies that specifically link reflexive attention to dopaminergic 

genes (Bellgrove et al., 2007; Craft, Gourovitch, Dowton, Swanson & Bonforte, 1992; 

Holmboe et al., 2010; Oberlin, Alford & Marrocco, 2005). In addition, it is plausible that 

genetic variation (since it leads to changes in the proteins produced) influences behavior 

via neuronic and synaptic changes. 

Dopamine is a neurotransmitter that helps carry neural signals in the brain. Other 

neurotransmitters, such as acetylcholine, norepinephrine, and serotonin have also been 

found to be related to attention and/or ADHD (Fisher et al., 2002; Greenwood, 

Sunderland, Fritz & Parasuraman, 2000; Parasuraman et al., 2002; Poirier, 1996; 

Winterer, 2007; Walitza, 2005). As noted, our previous work found association between 

reflexive attention and certain genes in adults. Investigating genetic influences at 

different ages is important because, even though the genotype of an individual does not 

change over the course of his or her life, gene expression does change (e.g., see Bird, 

2002; Fowden, 2003; Li, Cui, Hart, Klaassen & Zhong, 2009; Prampara, 2011; Trueba, 
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2005; Yu, 2009). This means different levels of neurotransmitter availability might exist 

at different ages and might associate differently with behavior. 

Candidate gene studies are different from genome-wide scans in that the former 

involve the selection of a few genetic markers previously reported to be related to the 

phenotype to be studied. McCarthy and colleagues (2008) discuss genome-wide scans 

and the challenges that face these studies (primarily the increased risk of Type I errors). 

Swanson and colleagues (2001a; 2001b) describe the disciplined selection of candidate 

genes. In essence, this involves hypothesis-driven selection of candidate genes which can 

be facilitated by examining those genes that are related to a disorder with components to 

the phenotype of interest. In this study, many of the candidate genes were selected 

because they are associated with attention-deficit disorder, or depression.  

Genes related to brain development or growth required a slightly different 

selection strategy. The selection of genes related to brain development (and, thereby, 

attention) was especially difficult because there are a very large number of such genes 

and the function of the majority of these genes is poorly understood (Dixon-Salazar & 

Gleeson, 2010). However, expression patterns of genes during development of related 

disorders can be useful. For example, APOE is highly expressed during at least one 

developmental time point and is associated with both epilepsy and schizophrenia (Ziats & 

Rennert, 2011). Another way to select genes related to brain development is by 

examining the stage at which the gene is likely to affect cortical development. For 

example, defects in genes involved in controlling neurogenesis are likely to cause more 

severe brain disorders (such as autosomal recessive primary microcephaly, which 

involves reduced neuronal numbers) than genes that control the developmentally later 
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process of circuit formation (such as CHRNA4 associated with epilepsy; Dixon-Salazar 

& Gleeson, 2010).  

Finally, genes related to growth were selected because Dannemiller (2004) found 

that the heavier birthweight male infants (but not females) showed decreased orienting 

with increased birthweight in a normal weight range. This suggests the possibility that in 

boys genes related to human growth may also be related to reflexive attention. Insulin-

like genes are one possibility and there has been some suggestion that these may also 

influence cognition (Borenstein, Copenhaver & Mortimer, 2006). The rationale behind 

the selection of each candidate gene is described in Table 1. 
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Table 1 .Candidate genes with their biological and functional effects. 

Gene Biological Effect Functional Effect 

APOE The 4 haplotype reduces acetylcholine 
receptor number1 and possibly 
diminishes synthesis of acetylcholine 
via impaired regulation of phospholipid 
and/or fatty acid transport.2  

Middle age, nondemented 
carriers of 4 showed deficits in 
spatially cued visual tasks.3 

BDNF This gene is involved in the 
serotoninergic system4 as well as nerve 
growth.5 

Related to impulsive-aggressive 
behaviors in children.6  

CHRNA4 This gene encodes a nicotinic 
acetylcholine receptor that can bind 
acetylcholine and open an ion-
conducting channel across the plasma 
membrane. The protein can interact 
with either nAChR beta-2 or nAChR 
beta-4 to form a functional receptor.7  

Mutations in this gene cause 
nocturnal frontal lobe epilepsy 
type 1. Polymorphisms in this 
gene have been described that 
provide protection against 
nicotine addiction. ADHD has 
been associated to CHRNA4.8 

COMT  G at rs4680 produces valine which is 
more active in catabolizing dopamine 
making dopamine less available.9 

COMT has been associated with 
cognitive function.10 

DRD4  Risk alleles lead to fewer dopamine 
receptors via reduced transcription.11 

There is an association between 
DRD4 and ADHD.12 

HTR4 A member of the family of serotonin 
receptors; the gene product modulates 
various neurotransmitters.13 

Associated with depression, 
autism, and ADHD.14 

IGF2 This gene encodes a member of the 
insulin family of polypeptide growth 
factors, which are involved in 
development (including DA neuron 
development) and growth.15 It is an 
imprinted gene, expressed only from 
the paternal allele.16 

Epigenetic changes at this locus 
are associated with 
developmental growth disorders 
such as Beckwith-Wiedemann 
syndrome.17 Normal intelligence 
is possible if longterm neonatal 
hypoglycemia is avoided.18 

MAOA This gene is on chromosome X. It 
encodes an enzyme that degrades amine 
neurotransmitters, such as dopamine, 
norepinephrine, and serotonin. 19 

Abnormal regulation of  MAOA 
in the body has been associated 
with depression, substance abuse, 
attention deficit disorder, and 
irregular sexual maturation.20 
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Table 1. Continued. 

Gene Biological Effect Functional Effect 

SLC5A7 (aka 
CHT) 

The presynaptic choline transporter (CHT, 
SLC5A7) is the major rate-limiting 
determinant of ACh production in the 
brain and periphery.21 

Is upregulated during tasks 
that require sustained 
attention.22 

SLC6A3(aka 
DAT1) 

Controls the number of dopamine 
transporter and therefore less dopamine in 
the synapse23 and this terminates the 
dopaminergic signal transmission.24 

Less dopamine has been 
associated with greater 
cuing costs for targets in 
the left hemifield.25 

SNAP25 This gene product is a presynaptic plasma 
membrane protein involved in the 
regulation of neurotransmitter release, 
including dopamine.26 

SNAP25 has been 
associated with ADHD.26 

Note. 1); Parasuraman et al., 2002:2) Poirier, 1996:3) Greenwood, Sunderland, Fritz, & 

Parasuraman, 2000:4) Juckel et al., 2010; 5) Nair & Mishra, 1995; 6) Oades et al., 

2008;7) Winterer et al., 2007; 8) Wallis et al., 2009; 9) Axelrod & Tomchick, 1958; 10) 

Starr, Fox, Harris, Deary & Whalley, 2007; 11) Lowe et al., 2004; 12) Lowe et al., 2004: 

13) Lambe et al., 2011; 14) Faraone & Mick, 2011; 15) Riikonen, Jaaskelainen & 

Turpeinen, 2010:16) Alvino et al., 2011; 17) Nativio et al., 2011;18) Obias, Lowe & 

Holcomb, 1992: 19) Xu et al., 2007; 20) Biederman et al., 2008; 21) Neumann et al., 

2005; 22) English et al., 2009; 23) Giros et al., 1992; 24) Rommelse et al. (2008) 25) 

Bellgrove et al., 2007 [refers to 3R which is now called 6R]: 26) Feng, 2005. 

 

When considering genes with an influence on orienting, it is also wise to consider 

environmental influences including potential prenatal and early childhood environmental 

influences that may affect orienting via brain development. One possibility is the impact 

of stress on the expression of genes. There are well known accounts of prenatal stress 
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called “fetal programming” which may have an impact on a variety of physical and 

mental health outcomes (Barker, 2001; Feil, 2006; Hadders-Algra, Huisjes & Touwen, 

1988; James 2002; Jan et al., 2010; Jirtle & Skinner, 2007; Kajantie et al., 2002; Kapoor, 

Petropoulos & Matthews, 2008; McGrath et al., 2005; Mueller et al., 2010; Norrholm & 

Kessler, 2009; Ornoy, 2005; Pamplona et al., 2009; Van den Bergh et al., 2005). The 

stress discussed in these studies usually refers to the kind of malnutrition in the mother 

that leads to very low birth weight infants. However, some studies show that the stress 

may still have an influence via short periods of malnutrition. That is, even if the infant 

does not have low birthweight they may be at risk for poor physical, cognitive, and 

mental health (Lingas & Matthews, 2001; Tong et al., 2006). In fact, Andersen and Osler 

(2004) state that because “short birth length [was] strongly associated with adult 

mortality risk, but no relationship between low ponderal index at birth and mortality were 

found . . . [this] indicates that more complicated mechanisms than a general long-term 

detrimental effect of intrauterine growth retardation explain the association" with adult 

mortality risk. It is not possible to collect infant stress levels at this time, but because 

stress (and possibly stress-genotype interactions) can have such an impact on physical 

and cognitive outcomes (Cohen, Doyle & Baum, 2006), I collected data on current family 

income as a proxy for SES.  

In summary, the idea that reflexive attention develops from infancy to childhood 

can be combined into a single, longitudinal study with the idea that there are genetic 

influences on attentional development. This allows for the study of not only the genetic 

influences on reflexive orienting but for how genes alter the development of reflexive 
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orienting. That is, I am asking if genes influence not just the outcome for reflexive 

orienting at a certain age but also the pattern of development along the way.  

Our Previous Studies 

Between 1996 and 2001, approximately 1100 infants (ages 2-5 months) were 

recruited for infant attention studies in the Dannemiller lab at the University of 

Wisconsin-Madison. In these studies, infants were shown repeated trials of a display with 

small, vertical bars randomly distributed across the display. One of these bars (either on 

the right or the left side of the screen) oscillated in place horizontally through a visual 

angle of approximately 0.5-1 deg at a rate from 1.2 to 2.4 Hz. An observer who was 

unaware of the location of the moving bar made a forced choice of the location of the 

moving bar (right versus left) based on the infant’s initial orienting behaviors (e.g., eye 

movement, facial expression, head or body movements). The judgments were made 

quickly after the onset of the display with the average judgment taking less than two 

seconds. The proportion of correct judgments was used as the outcome measure in the 

analyses. Values near 0.5 indicate that orienting was random with respect to the location 

of the moving target. Values near 1.0 indicate selective orienting to the oscillating target 

independently of the accompanying static “distractors.” See Dannemiller (2004) for a 

more detailed summary of the infant studies. 

 In a more recent study, we found associations between specific genetic markers 

and a reflexive attention task in adults (Lundwall et al., 2012). The task was a manual RT 

task that used a modification of Posner and Cohen’s (1984) exogenous cued-orienting 

(reflexive attention) paradigm. Standard cues can be valid (i.e., appear where the target 

would subsequently appear) or invalid (appear contralateral to where the target would 
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subsequently appear). In addition to the standard single-cue design (valid versus invalid 

cues), we also used cues with two different luminances based on Kean's and Lambert's 

(2003) result that when two cues appear before the target simultaneously, the higher 

luminance cue produces more facilitation of manual RT than does the lower luminance 

cue. After the cue offset, a target appears (see Figure 6) and participants are asked to 

press one of two keys as quickly as possible while maintaining accuracy. Difference 

scores are obtained by subtracting the RTs to various display conditions to obtain 

attentional orienting measures (e.g., the cost of a single invalid cue; see Table 2). Single 

cue trials were intermixed with catch, dual neutral, and dual asymmetric cue trials. The 

side on which the cue appeared (for single trials) or on which the brighter cue appeared 

(for dual asymmetric cue trials) was random, and each appeared on the right side of the 

display for 50% of the trials. The target also appeared randomly on half the trials on the 

right side of the display independently of where the cues appeared. Participants were told 

1) that the cues did not predict the target's location and 2) to ignore the cues as much as 

possible. Participants completed all trials within one session. RT was measured from the 

onset of the target. Incorrect responses were not used in analyses. Data from participants 

with error rates greater than 40% were also not used. Because this was done, further 

removal of outliers was completed. 

We found significant genetic associations with this task. In particular, COMT and 

DAT1 (both related to the availability of dopamine) and APOE (related to the availability 

of acetylcholine) were associated with one or more of the outcome measures. The RT 

cost of responding to a target following an invalid (contralateral) pre-cue was generally 

most sensitive to detect genetic differences (Lundwall et al., 2012). 
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The results from the study with adults formed the basis for many of the research 

questions asked in the current study. Research questions for the current study are the 

subject of the next chapter. 

 

Figure 6. Stimuli timing. The fixation cross appears throughout the task. One or 

two cues (“X”) appear briefly to either the left or right of the fixation cross, or at both 

locations. Afterwards, a single target (“�”) appears to which the subject should respond 

with a left or right key press, spatially mapped to location. 
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Table 2 .The calculation of derived measures. 

Derived Measure Primary Measures Used in Calculation 

Alert Bright No Cue - Neutral Bright 

Alert Dim No Cue - Neutral Dim 

Benefit Bright Neutral Bright - Single Bright Valid 

Benefit Dim Neutral Dim - Single Dim Valid 

Cost Bright Neutral Bright - Single Bright Invalid 

Cost Dim Neutral Dim - Single Dim Invalid 

Note. The RT differences between the primary measures in the second column are used to 

calculate the derived measure in the first column. 
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Chapter 3: Research Questions 

This study attempts to describe the development of reflexive attention from 

infancy to childhood. That is, how does children’s reflexive attention compare to their 

infant reflexive attention?  I am also interested both in determining if normal children 

show differences in reflexive attention depending on genotype in a way that parallels the 

differences we observed in adults (Lundwall et al., 2012) and if genes influence the 

trajectory of development between infancy and childhood. The overall question that I am 

asking is: Are specific genes related to reflexive visual attention? For a graphic summary 

of the research questions of interest, please see Table 3. Each research question is 

discussed in more detail below. 

Table 3. The elements of the study and the associations of interest. 

  Genes Infant task Child tasks Trajectory Achievement/ 
Health 

Genes   1 2 3 -- 

Infant task    4 -- 5 

Child tasks     -- -- 

Trajectory      -- 

Achieve-
ment/ Health           

Note. This table is structured as a correlational matrix; however, the numbers refer to the 

associated research question. Dashes indicate associations that are not of interest in this 

study, primarily because they are incorporated in other hypotheses or are tangential to the 

study of attention. Each child task will actually be checked for associations separately 

unless they are determined to measure the same construct. 
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To answer the research questions described, I followed up on children who were 

previously tested as infants. I use two tasks in the current study. One task is similar to the 

infant task (a moving bar or eye movement task) and the other task is similar to the task 

used with adults (a spatial cueing task). Recall that reflexive attention involves orienting 

to either a moving stimulus (especially in a field of stationary stimuli) or the sudden 

appearance of a stimulus. Conceptually, therefore, the eye movement and spatial cueing 

tasks are similar. Both tasks are adapted to the age of children tested and are described in 

the Methods chapter.  

First Research Question 

Are specific candidate genes associated with reflexive attention in infants? When 

I say that a gene may be associated with performance on a task, I mean to indicate a 

relationship between an outcome measure, such as an RT difference score such as cost 

dim, and the ordinal “dose” of a genetic marker. Dose refers to the count of risk alleles 

(usually, 0, 1, or 2 copies) and can be thought of as similar to a clinical drug trial with 

varying amounts of the protein product indicating dose (see Figure 7). Eleven genes were 

selected based on their functional effects described in the literature and on plausible 

biological pathways that could bring about the functional effects. Fifty markers on these 

genes (48 SNPs and two VNTRs) were also selected (see Appendix B for more details on 

the selection process). It is primarily these genetic markers that are tested for association 

with the phenotypes in this study, but I will also test composite scores for genes and 

neurotransmitters for association with reflexive attention. Compared to the strength of the 

associations found with adults, there might be increased genetic association with infant 



43 
 

 

data due to increased variability in the rapidly developing brains of infants (Chugani, 

1998; Giedd et al., 1999; Huttenlocher & Dabhholar; 1997; Shaw et al., 2006).  

 

Figure 7. An illustration of a dose-response pattern of the effect of a SNP on a 

behavioral score. 

Second Research Question 

 Is each genetic marker associated with reflexive attention in children? This 

question parallels the first research question but focuses on children rather than infants.  

There are two behavioral tasks for children (the eye movement task and the spatial cueing 

task; see Methods). All genetic markers will be associated with both child tasks. In 

addition, because one of the child reflexive attention tasks is similar to that performed by 

adults in our previous study and some genes have marker representation in both child and 

adult studies (APOE, COMT, SLC6A3, and DRD4), it will be interesting to compare 

results to determine if the same genes and spatial cueing outcome measures are 
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associated. It may also be useful to compare effect sizes3 between child and adult 

samples.  

In our prior study with adults, age (over the range of 18-61 years) was not 

associated with our behavioral outcomes. Child age may, however, become more 

important in the current project (setting aside raw RT differences expected with age) 

because children's brains are still rapidly developing. Decreased genotype-phenotype 

association in adulthood could be explained, for example, by the well-known 

phenomenon of ‘catch up’ development (aka, compensatory development; see Casey, 

2008; Gurney et al., 2004) which would decrease variability in adulthood. Because 

extraneous (invalid) cues in the spatial cueing task were distracting for adults, I will also 

discuss the distractibility of children by pre-cues (Higgins & Turnure, 1984). Finally, I 

will discuss the luminance effects in children compared to the patterns found in adults; 

that is, I will discuss whether dim cues are more sensitive to individual differences 

(including genetic differences) than bright cues.  

Third Research Question 

Do any of the genes studied influence the trajectory of attentional development? 

With the design of this study, not only can I test for genetic associations with reflexive 

attention at one time point or at another, but I can test for associations with differences in 

attention between the two different points in development. That is, I can test for the 

change between position in the distribution of infant scores and position in the 

distribution of child scores. This is what is meant by the trajectory of attentional 

                                                 
3 This may not be ideal since neither study uses random assignment (i.e., these are 

observational studies). 
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development. Genetic influences may plausibly affect this process with cumulative 

effects of too little or too much of a gene product.  

The infant scores include a percent-correct score (the proportion of times the 

infant oriented to the side with the moving bar, as judged by the observer). There is also 

an RT score for the observer’s time to decide the side of the infant’s gaze. The child 

scores also involve PC for eye movement direction and response time for how quickly the 

eye movement was made. By converting both the infant and childhood attention 

measures to z-scores, I can literally test the difference between these two z-scores for 

association with the candidate genes. A significant association could indicate that specific 

genes are related to the trajectory of attentional development.  

Fourth Research Question 

Is performance on the infant reflexive attention task related to performance on 

either or both of the child reflexive attention tasks? This portion of the study is 

longitudinal. Other researchers have found a relation between infant information 

processing and childhood intelligence (Rose & Feldman, 1997; Rose et al., 2003; Rose & 

Wallace, 1985) implying that infant information processing is related to childhood 

information processing. I will discuss association between infancy and childhood in one 

aspect of cognitive functioning (i.e., reflexive attention), measured in this study. Lack of 

association, however, may not be particularly informative because measurement issues 

may interfere with finding an association. This is commonly the case in developmental 

longitudinal studies:  the performance of participants on a task at one time and the 

subsequent performance of a similar task years later does not necessarily mean that the 

same construct is being measured. Nevertheless, as has been previous discussed, the two 
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versions of the eye movement task are conceptually similar and potential associations 

will be examined. I likewise examine if the association between  infant orienting and 

childhood orienting is stronger than the association between infant orienting and other 

child variables such as current diagnoses (attention or health-related) or to academic 

performance.  

In addition, because Dannemiller (2004) found that the heaviest birthweight in 

male infants was associated with decreased orienting, I investigate the influence of some 

genes, such as the gene related to insulin-like growth factor (IGF2), on the relationship 

between gender, reflexive attention in infancy, and reflexive attention in childhood.  

In looking for mediation, I consider indirect only, complementary, and 

competitive mediation patterns as described by Zhao, Lynch, and Chen (2010). For 

example, indirect only mediation would exist if I find that infant attention predicts child 

attention but that this direct path reduces to near zero when a gene-mediated path is 

included in the model. A complementary mediation would exist if the direct path remains 

but the mediated path is also significant. A competitive mediation would exist if a 

mediated path predicts the opposite direction of influence than the direct path (e.g., 

increased infant attention is associated with increased child attention but the mediated 

path shows the opposite direction of association; see Figure 8). I will also consider if 

factors such as birthweight and SES mediate the influence on child outcomes (Ivanovic et 

al., 2004; Jefferis, Power & Hertzman, 2002; Rose, Feldman, Wallace & McCarton, 

1991; Shenkin, Starr & Deary, 2004).  In particular, if genes are a significant mediator in 

the model presented in Figure 8,  but the direct path from infant attention to child 

attention remains significant then it may be productive to consider additional mediators 
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(such as SES and birthweight). These analyses are included under the research question 

concerning trajectory because I am looking at influences on the association between 

infancy and childhood reflexive attention rather than on infant attention (Research 

Question One) or child attention (Research Question Two) alone. 

 

Figure 8. An illustration of possible mediating relationships.  Path c may or may not be 

significant for mediation to exist. Path a x b may be positive or negative but if it does not 

exist then there is no mediation with these variables. See Zhao, Lynch, and Chen (2010).  

The mediator (genes*) may be replaced by other mediators to be tested such as socio-

economic status (SES). 

 

Fifth Research Question 

Is variation on the measure of reflexive attention collected in infancy related to 

current outcome measures such as academic performance or health outcomes? ADHD 

(and likely attention generally) are known to be related to academic performance 

(Hansen, Weiss, & Last, 1999). It is possible that this relationship will extend to reflexive 

attention and academic performance. Finding associations between the infant reflexive 

attention task and current academic achievement scores suggests the usefulness of the 

infant task for predicting which children might need educational or home-based 
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interventions. Because I asked parents about health and mental health problems their 

child might have, I also discuss if diagnoses (such as ADHD, Obsessive-Compulsive 

Disorder, seizures, migraines, dyslexia, autism, or sleep disorders) are predicted by the 

infant reflexive attention task. Such findings would also indicate the usefulness of the 

infant task for predicting which children might need interventions.  
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Chapter 4: Methods 

Participants 

There are 861 children in the dataset. Eight hundred and fifty-four had infant data 

from their participation in the visual attention studies in the laboratory of James L. 

Dannemiller while he was at the University of Wisconsin-Madison. These children are 

now approximately 9 -16 years old. I invited 756 to participate (77 had no valid address; 

21 were ineligible because they had a sibling in the study). Those in the upper one third 

and lower one third of the infant distribution on residual PC scores and who lived in the 

Madison, Wisconsin area were invited to visit the Waisman Center to complete two 

computer tasks while their parents filled out a questionnaire. The child also provided a 

saliva sample. The leukocytes (white blood cells) and buccal epithelial (inner cheek) cells 

found in saliva were then used to obtain DNA suitable for genotyping. Children who did 

not live in the Madison area or were in the middle one-third of the infant distribution 

were invited to participate by mail (which did not involve the two computer tasks).  

Of the 756 invited to participate, 203 participated in an in-person visit and 129 

participated by mail. This is a 44% participation rate based on invitations sent. Fifty-four 

additional participants initially agreed to participate but eventually informed us they were 

unable to do so and agreed to be contacted for a future study. 

The 203 children available to travel to the Waisman Center completed two 

reflexive attention tasks. The first task is similar to the task that they completed as infants 

and includes response latency (the speed of eye movements to a moving bar from the 

time the bar first began to move) as well as PC. Video recordings were collected and eye 

movement direction and latency were coded later by raters. There were five raters in all 
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who were paired into nine dyads and each dyad coded a roughly equal number of subject 

videos. Inter-rater reliability analysis is described under Results. The second task is 

similar to the task we used in our recent molecular genetics study of attention in adults 

(Lundwall et al., 2012), but the current task was designed to be more engaging for 

children. More details on each task are provided below.  

In all, I have attention-related measures at two time points for a sample of 203 

children: one task in infancy and two tasks in childhood (see Table 4). The attention task, 

genetic data, and parent questionnaire responses of these children, when combined with 

the genetic data and parent questionnaire responses of those who participated by mail 

(129) thus provides a potentially highly informative data set for studying the development 

of attention. 

Table 4. The number of participants contributing the various measures. 

Variable Sample 

Genetic sample  

School achievement 237 

Auxiliary (sleepiness, stress, diagnoses, etc.)  

Reflexive attention tasks (subsample) 1441 

Note 1. This number is a subset of the above number. Both numbers reflect available 

subjects after exclusion criteria are applied. 
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Tasks 

The first task (Eye Movement; EM) is similar to that used in the previous studies 

conducted with infants. In that task, infants were shown a display with a single moving 

bar that appeared with static bars in various configurations (see Figure 9). Infants who 

looked selectively at the side of the display with the moving bar were judged (in an age-

adjusted manner) to have better reflexive attention since reflexive attention is captured by 

moving stimuli.  

In the current task, as in previous studies with infants (Dannemiller, 1998), the 

static bars are expected to exert potentially distracting effects on eye movements. E-

Prime (Psychology Software Tools, Sharpsburg, PA) was used to present stimuli for the 

moving bar task. This task takes less than five minutes to complete. Participants were 

digitally recorded with a low-light video camera in a darkened room while performing 

this task. There were 8 practice trials and 16 actual trials. All trial types (display 

conditions with a moving bar on either the left or right side of fixation and with various 

placements of distractor bars) were presented in the same order for each participant. All 

participants were instructed to initially look at a fixation cross (presented as black on a 

white background) and told that a field of bars would appear (I used a medium gray 

background with lighter and darker gray bars; see Figure 9). Each child was instructed to 

look directly at the moving bar as soon as he/ she saw it begin to move. The E-Prime 

code to initiate the onset of movement in one of the bars triggered the initiation of a time 

stamp imprinted on the digital video file by a FOR-A timer (Tokyo, Japan). The timer is 

accurate to the nearest 1/100th of a second but was recorded to the nearest 4/100th of a 

second during video conversion (required for use of the video editing program described 
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below). Two raters coded the 16 trials of each subject for latency (RT) and eye movement 

direction (DIR). Please see Results for analysis of inter-rater reliability.  

 

Figure 9. Illustration of the eye movement task. The side of the display which has the 

moving (oscillating) bar will vary randomly as well as its contrast (distance in luminance, 

i.e., light or dark). In this illustration, the moving bar is on the right, as indicated by 

arrows. The spatial balance of the number of high versus low contrast bars was varied to 

examine distractor effects. 

 

The second task (Spatial Cueing) is similar to that used in our previous study 

conducted with adults. See “Our Previous Studies” under Literature Review. That task 

required approximately 20 minutes. The child version of the task has been modified so 
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that it will engage the interest of children while still maintaining the ability to measure 

visual reflexive attention to suddenly appearing stimuli. It is somewhat shorter (about 16 

minutes) and involves a break halfway through the trials to reduce fatigue. A schematic 

of the stimuli is shown in Figure 10. The child was instructed to “hit” the target (by 

making a right or left key press depending on the respective location of the target) each 

time that a spaceship (target) appears but to avoid responding to rockets (which are 

“friendly ships,” the cues). The cues could be valid (i.e., appear where the target would 

appear) or invalid (appear contralateral to where the target would appear). There were no 

asymmetrical luminance cues. I derived attentional measures for children as we did in the 

study with adults by using various difference scores from specific pairs of conditions. I 

then tested these for associations with genotype on each genetic marker, previous infant 

orienting scores, and the auxiliary childhood measures (e.g., academic achievement, 

health status, household income).  
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Figure 10. Stimulus timing. One (a), two (b), or zero (c) rockets flash briefly prior to a 

spaceship appearing. The rockets can be bright or dim. Children are asked to respond by 

pressing a left or right mouse button to indicate the side of the display on which a 

spaceship (target) appears but to make no response to the rockets (pre-cues). Single cues 

and targets each appear on the right side for 50% of the trials. The stimulus onset 

asynchrony (SOA) illustrated here (200 msec) was based on pilot testing with children 

from the Houston area.  
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Genotyping Methods 

The candidate genes used in this study were selected based on their biological and 

functional effects. Namely, I selected genes that had already been mentioned in the 

literature as related to some aspect of attention, cognition, growth, or brain development 

and that had a plausible biological explanation for their potential affect on reflexive 

attention. See Table 1 for details. Particular SNPs on each gene were selected based on 

several attributes including citation in the cognitive literature, minor allele frequency 

(MAF), block structure, and distance between markers. See Appendix B for more details 

on the selection process and Table 5 for the SNPs requested.  

Participants produced a saliva sample of approximately 2 ml in an Oragene-500 

kit (DNA Genotek, Kanata, Ontario, Canada). This is a plastic test tube with a 

preservative that is released when the lid is closed. Once the tube is wrapped in absorbent 

and water-resistant material then it is suitable for mailing.  

Genotyping for the study was performed using the GoldenGate assay on the 

BeadXpress system (Illumina, Inc., San Diego, CA). Briefly, the GoldenGate assay 

involves biotin-labeling of genomic DNA followed by capture of the labeled DNA onto 

streptavidin-coated sepharose beads.  Streptavidin has a very high affinity and specificity 

for biotin and thus aids in labeling. Sepharose is a form of agarose that is commonly used 

in chromatographic separations of biomolecules. An artificial nucleotide-based molecule 

that contains universal priming sequences on either end and is complimentary to the 

target DNA sequence of interest is then created (see Table B-1), amplified and hybridized 

to holographically-labeled silica bars that form arrays with up to 30-fold redundancy of 

each target to be interrogated.  Once the array has been visualized with the BeadXpress 



56 
 

 

reader, wavelength and intensity values of the fluorescence are used to determine 

genotype. A custom Laboratory Information Management System is used to track both 

samples and laboratory throughput. Allele detection and genotype calling were performed 

using GenomeStudio software v2011.1 (Illumina, Inc.).   

To assess the reliability of the genotyping, eleven saliva samples were each 

analyzed twice. These samples were treated identically to all of the other samples. The 

agreement between the two genotyping runs was 100%. 

Genetic Phenotype Associations 

The genes under consideration (i.e., APOE, BDNF, CHRNA4, COMT, DRD4, 

HTR4, IGF2, MAOA, SLC5A7, SLC6A3, and SNAP25) are related either to the 

availability of neurotransmitters such as acetylcholine, dopamine, and serotonin or to 

growth, brain development, or cognition generally (see Tables 1 and 5 for more 

information). Risk alleles are known for 29 of the 48 SNPs originally chosen. The 

remaining SNPs do not have specific literature and were chosen for good MAF values 

and less duplication due to linkage disequilibrium. All the genes do have literature 

supporting a potential relationship to reflexive attention. Each SNP is coded as 0, 1, or 2 

based on risk (if known) or based on a random selection of the risk allele from the 2 

possible alleles. The code represents the number of risk alleles. For SNPs with unknown 

risk, no other method besides random assignment of risk allele seemed useful because 

risk alleles on SNPs with known risk in our data were associated with non-ancestral 

alleles about as often as with ancestral alleles (45% of the time with non-ancestral and 

55% with ancestral). These genetic markers have been entered as potential predictors of 

the 12 outcome measures discussed below. The lack of known risk direction will not 
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influence the discovery of relationships between a SNP and an outcome, however, it will 

prevent the SNP from being included in any composite scores for a given gene or 

neurotransmitter. 

The composite scores on a given gene are literally the count of risk alleles across 

SNPs on that gene for which the risk allele is known. Similarly, composites by 

neurotransmitter sum the risk alleles for the SNPs associated with a neurotransmitter 

(making it more or less available).4 Creating composite scores of risk alleles is 

conceptually sound because several SNPs on the same gene could each interfere with the 

protein product (e.g., a neurotransmitter or an enzyme) produced by that gene. Likewise, 

the SNPs on genes associated with neurotransmitters tend to either increase or decrease 

the availability of a given neurotransmitter. When coded in the same direction, the sum 

gives an index of neurotransmitter availability, even if the genes in question are on 

different transmitters. 

One important focus of this study is to determine if attentional measures in 

normal children would show variation depending on genotype, as they did in adults. I 

anticipated, however, that some associations would likely differ from our former study 

with adults. For example, in the previous study, age was not associated with our 

outcomes measures (over the range of 18-61 years). However, age in the current study 

may be more important because neural maturation is still occurring from 9 to 16 years. 

Recall that the child spatial cueing task involves difference scores and so a child is 

compared to their own response time to temporal alerting cues. This tends to reduce 

                                                 
4 This idea was inspired by a conference submission H. Hill Goldsmith shared with me. 
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differences due to average RT that are associated with age. Associations with average 

raw RT are illustrated in Figure 11. 

 
 
Figure 11. Average RT decreases with age. This graph represents the data after those 

with error rates over 40% were removed from analysis and so further removal of outliers 

was not completed.  

 
One aspect of the study that could increase differences in children compared to 

adults and make genetic associations with the behavioral task stronger in the current 

study is the well-known phenomenon of ‘catch up’ development. An example is the 

situation in which some children experience initial difficulties partly influenced by 

genotype but these difficulties dissipate before adulthood. However, in many analyses I 
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am not interested in age per se or in certain other variables. For example, I control for 

age, gender, and error percent in MANCOVA analyses. In sum, to test genotype-

phenotype associations, I test each SNP with each SNP and each attention task outcome 

measure (there are 12: left-, right-, and all-PC for the child EM task; left-, right-, and all-

RT for the child EM task; and alert bright, alert dim, benefit bright, benefit dim, cost 

bright, and cost dim for the SC task). In all, I am testing 39 genetic predictors on 15 

outcome measures and .
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Table 5. Specific genetic markers. 

Gene SNPs Chr1 Non-risk 
allele 

Risk 
allele 

Notes Citation 

APOE rs429358 19 T C part of a APOE haplotype; Belbin et al., 2007 

APOE rs439401 19 C T risk allele unknown   

APOE rs7412 19 T C part of a APOE haplotype Belbin et al., 2007 

BDNF rs1491850 11 C T T associated with low central 
serotonergic activity 

Juckel et al., 2010 

BDNF rs2203877 11 C T risk allele unknown   

BDNF rs6265 11 A G A is protective against 
depression 

Krishnan et al., 2007 

CHRNA4 rs1044396 20 C T Adults with the TT genotype 
perform attention tasks more 
slowly  

Reinvang, Lundervold, Rootwelt, 
Wehling & Espeseth, 2009 

CHRNA4 rs2236196 20 A G G shows association with 
nicotine dependence 

Breitling et al., 2009 

CHRNA4 rs2273502 20 C T T associated with nicotine 
addiction 

Feng et al., 2004 

CHRNA4 rs6090384 20 C T T is more common in those 
with ADHD 

Wallis et al., 2009 
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Table 5. Continued. 
 
Gene SNPs Chr Non-risk 

allele 
Risk 
allele 

Notes Citation 

CHRNA4 rs6090387 20 C G G associated with ADHD Wallis et al., 2009 

COMT rs165599 22 A G A is protective Funke et al., 2005 

COMT rs2075507 22 G A G is protective Kocabas et al., 2010 

COMT rs4680 22 A G increases the catabolisis of  
dopamine making it less 
available 

Kocabas et al., 2010 

COMT rs737865 22 C T Risk for schizophrenia Doi et al., 2009 

DRD4 rs11246227 11 C T risk allele unknown   

DRD4 rs1800955 11 T C C (aka -521) is associated 
with impulsivity 

Munafò et al., 2008 

DRD4 rs7124601 11 G T risk allele unknown   

DRD4 rs747302 11 A C associated with ADHD and 
fewer dopamine receptors  

Lowe et al., 2004 

HTR4 rs1363545 5 C G risk allele unknown   

HTR4  rs1862345 5 A G risk allele unknown  
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Table 5. Continued. 
 
Gene SNPs Chr Non-risk 

allele 
Risk 
allele 

Notes Citation 

HTR4 rs12374521 5 C T risk allele unknown   

IGF2 rs10770125 11 G A associated with maternal 
glucose if paternally 
transmitted 

Petry et al., 2011 

IGF2 rs734351 11 C T risk allele unknown   

IGF2 rs7924316 11 G T associated with increased 
maternal glucose  

Petry et al., 2011 

MAOA rs1137070 23 T C T is associated with better 
visuospatial working 
memory in girls 

Rommelse et al., 2008 

MAOA rs12843268 23 A G A is associated with better 
visuospatial working 
memory in girls 

Rommelse et al., 2008 

MAOA rs2072743 23 G A A is associated with higher 
rates of depression 

Zhang et al., 2010 

MAOA rs3027400 23 T G associated with visuospatial 
working memory in girls 

Rommelse et al., 2008 
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Table 5. Continued. 
 
Gene SNPs Chr Non-risk 

allele 
Risk 
allele 

Notes Citation 

MAOA rs6323 23 T G The G-allele is associated 
with ADHD  

Domschke et al., 2005 

MAOA rs909525 23 A G risk allele unknown   

SLC5A7 rs2114635 2 A G risk allele unknown   

SLC5A7 rs333229 2 G T Any T is associated with 
psychosocial risk factors for 
coronary heart disease (e.g.,, 
hostility and depression) 

Neuman, Lawrence, Jennings, 
Ferrell & Manuck, 2005 

SLC5A7 rs3806536 2 A G risk allele unknown   

SLC5A7 rs4676169 2 A G risk allele unknown   

SLC5A7 rs1013940 2 C T associated with ADHD English et al., 2009 

SLC6A3 rs11564750 5 C G G is associated with ADHD Doyle et al., 2009 

SLC6A3 rs2042449 5 C T risk allele unknown   

SLC6A3 rs2617605 5 A G risk allele unknown  
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Table 5. Continued. 
 

Gene SNPs Chr Non-risk 
allele 

Risk 
allele 

Notes Citation 

SLC6A3 rs27047 5 C T risk allele unknown   

SLC6A3 rs2937639 5 A G G associated with less striatal 
dopamine 

van de Giessen et al., 2009 

SLC6A3 rs463379 5 G C C is associated with ADHD Friedel et al., 2007 

SLC6A3 rs6350 5 T C C is associated with ADHD Friedel et al., 2007 

SNAP25 rs362570 20 C T risk allele unknown   

SNAP25 rs3746544 20 A C risk allele unknown   

SNAP25 rs6032846 20 C T risk allele unknown   

SNAP25 rs6077690 20 A T T is associated with ADHD  Kim et al., 2007 

Note. 1Chr = Chromosome. Citations are for specific markers. See Table 1 for genes. Genotyping was unsuccessful for: APOE 

rs429358, CHRNA4 rs2236196, CHRNA4 rs6090384, COMT rs2075507, COMT rs4680, COMT rs737865, DRD4 rs747302, and 

SLC6A3 rs11564750. Markers on COMT are missing at a higher rate. This may due to stress induced methylation (Ursini, 2011) 

which makes genotyping difficult (D-C. Guo, personal communication, August 9, 2009).
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Statistical Procedures 

Preparation of Infant Scores. In the infant data set there is a PC score for each 

infant which indicates the percentage of trials that the observer determined that the infant 

oriented to the side with the moving bar. Each infant also has an average latency to orient 

to the moving bar that represents the RT of the observer to make a decision concerning 

orientation. The distribution of RT scores is not normal and was therefore transformed 

with a base-10 log transform. PC scores are proportions and therefore received a logit 

transform. Afterward, scores were adjusted by relevant factors (birthweight, gender, 

infant age corrected for gestational age, and study conditions) by saving standardized 

residual scores after regressing the variables on the transformed PC and RT values. 

Residual PC scores were used for the purpose of determining which child would be 

invited to participate by mail and which in-person. These two residual measures were 

used separately in analyses, and I also created a composite by reversing the sign of the 

RT residual (because higher values are slower) and adding it to PC residual. The 

composite can be justified by 1) the significant negative correlation between infant 

residual RT and PC (r = -.533, p < .001), 2) the tendency of ability scores to correlate at 

around r = .5 (Schmidt & Hunter, 1998), and the idea (expressed by Ackerman & 

Cianciolo, 2000) that the creation of a composite score can provide a more stable 

measure of the underlying construct.  

For example, to test associations between infant reflexive attention and a genetic 

marker it is possible to use each of the following in turn: 1) PC scores, 2) latency (RT) 

scores, and 3) the composite scores. Another way to approach the question of genetic 
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markers influencing the course of development would be to use multi-level modeling. I 

do not explore this method in this study.  

Preparation of Child Eye Movement Data. Inter-rater reliability (IRR) is used 

to determine if it is reasonable to aggregate data from several raters. Because the 

reliability and usefulness of the eye movement ratings depends, in part, on the reliability 

of the equipment and procedures, I will describe both in some detail. As reported 

previously, participants were digitally recorded with a low-light video camera while 

performing the moving bar task. There were 16 actual trials per subject and all trial types 

were presented in the same order for each participant. All participants were instructed to 

initially look at a fixation cross (presented as black on a white background) and told that 

a field of bars would appear (a medium gray background with lighter and darker gray 

bars). The participants were told that when they saw a moving bar, they should look at it 

and remain looking at it until it disappeared. The task was presented in a semi-dark room. 

The E-Prime code to initiate the onset of movement in one of the bars triggered the 

initiation of a time stamp imprinted on the digital video file by the FOR-A timer. The 

time stamp on the video is accurate to the nearest 4/100th of a second. This means that, 

for example, a judgment of latency (RT) as “39” was contiguous with a judgment of “35” 

by another rater. The actual value imprinted on the video at the time of an eye movement 

(rather than its rank order value) was used for inter-rater reliability analysis and the 

average of two raters’ judgments for left, right, and all targets was used in analysis with 

infant scores (RT and PC for direction of looking) and with child outcomes (including 

genotype).  
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We used video editing software (Pinnacle, now part of the Corel Corporation, 

Mountain View, CA) to analyze the latency and direction of the eye movements. Due to 

the darkened room and the white versus gray backgrounds, a scene detection feature in 

the Pinnacle software program was able to separate trials from fixation periods based on 

changes in ambient light. In preparation, trials were labeled within the program so as to 

reduce rater error due to forgetting which trial was being coded.  

To code the videos, the computer display was arranged so that the rater could see, 

at the same time, both the video clip of a certain trial and the Excel file where they 

entered the data. This reduced errors due to interference memory from preceding trials. 

Raters were asked to code DIR based on their own left-right orientation rather than on the 

participants in order to prevent confusion.  

Five raters were recruited for this study. They worked independently, but videos 

were assigned to dyads so that each video was coded twice. Each dyad had approximately 

an equal number of videos to code. There are nine dyads rather than 10 because it was 

impossible to pair two raters (i.e., one left the lab before the other replaced her). Initially, 

raters were trained on practice trials from 10 participants. During training and throughout 

coding it was re-iterated that raters should code the very first eye movement for direction 

and latency even if the child self-corrected for direction after this first look. Focusing on 

the first eye movement captures distractibility in the children and provides variability in 

the data. To ensure that raters were coding the same information, each participant’s video 

file was separated into scenes which were labeled by trial number. Raters advanced each 

trial frame-by-frame beginning with the presentation of the stimulus until the first eye 

movement was noted. Typically, eye movements were very obvious (the eyes were 



68 
 

 

generally very still until they made a quick jump). Latency was recorded based on the 

time stamp at this initial eye movement. Training continued until acceptable inter-rater 

reliability (set at .80). The direction (DIR) of the eye movement was coded with reference 

to the rater and was later reversed to represent direction reference to the participant’s 

body. At this point, the DIR was compared to the stimulus presentation side and coded as 

correct or incorrect.   

Note that when discrepancies in direction are averaged (coded as -1 for right and 

1 for left, to account for the difference between the raters left-right orientation which is 

reversed from the participant’s left-right orientation) the result is 0 and no direction is 

coded. A review of the situations of direction disagreement revealed that the raters were 

rating different time points within a trial and therefore different eye movements. 

Reminders to focus on the very first eye movement kept these discrepancies to a 

minimum. These types of discrepancies (where one rater coded left and one coded right) 

occurred on 3% of trials. 

For seven of nine dyads ICC was over .90 for both RT and DIR, and overall IRR 

across all dyads was .95 for RT and .93 for DIR. Therefore, the two ratings were 

averaged. For each subject, PC for left, right, and all trials were calculated and RT for 

correct left, right, and all trials were aggregated (averaged) up to the person level. These 

were the EM variables used in most analyses. 

One-hundred and four of 3232 DIR ratings are missing (i.e., 3% could not be 

coded).  The mean for DIR is .06 (it would be 0 if all were correct, -1 if all were right, 

and +1 if all were left). The positive mean value indicates that participants had a tendency 

to look left more often than right (i.e., even when the moving bar was presented on the 
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right). For RT, the mean rating was 36.29 with a range of 10 to 141 (SEM = .23; 

skewness = 3.70). This is highly skewed but was not corrected since I use aggregate 

values (i.e., after averaging across raters, all the RTs for left targets and all the RTs for 

right targets are again averaged within each subject and these are much less skewed (.96), 

making the observations normal enough to use in statistical procedures that require 

normal data).  

 Preparation of Child Spatial Cueing Data. Less preparation was needed for 

measures from the child SC task. Derived RT measures (which are difference scores) 

from this task are approximately normal (i.e., histograms look normal and skewness <1) 

and so these did not require log transformation. 

The predominant measures for the spatial cueing task are derived measures 

(difference scores between various RT measures). Three of these derived measures are 

standard in a Posner-type cueing paradigm: alerting, costs, and benefits. The use of two 

different cue luminances yielded six of these three standard, derived measures. Table 2 

shows the calculation of the differences between RT measures which produce all six 

derived measures. This task can also produce a few additional measures which may be 

useful as covariates. Only a subject's correct trials were included in analyses.  

Other variables were also tested for their usefulness as predictors (or covariates) 

in the models. These were age, sleepiness, and ethnicity. The sleepiness variable 

represents the Epworth Sleepiness Scale score (Johns, 1991) which is a simple rating of 

sleepiness during certain hypothetical, common events (see Appendix A). Sleepiness is 

related to RT in the literature (e.g., Ogilvie, Wilkinson, & Allison, 1989) and so may be a 

useful predictor.  
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Preparation of Genetic Data. As already mentioned, I calculated risk scores by 

summing the number of risk alleles at the two analogous locations (one allele is provided 

by each parent). I also calculated Hardy-Weinberg Equilibrium for the SNPs in our data 

set. Finally, I created composite scores for SNPs on the same gene and SNPs influencing 

the availability of the same neurotransmitter. 

  Other Data Preparation. Ancillary measures also required some preparation 

prior to analysis. I calculated summary scores for the symptom checklist portion of the 

parent questionnaire based on the Waisman Center's key. This portion of the parent 

questionnaire has been modified from the MacArthur Health and Behavior Questionnaire 

(Armstrong, Goldstein, & The MacArthur Working Group on Outcome Assessment, 

2003) and used in other studies at the Waisman Center (e.g., Burghy et al., 2012; 

Lemery-Chalfant, Doelger & Goldsmith, 2008; Lemery-Chalfant, Goldsmith, Schmidt, 

Arneson & Van Hulle, 2006). A copy of the entire questionnaire (including the 

behavioral symptom checklist) is in Appendix A. 

Choice of Variables. Since I am using a regression model to examine evidence 

for hypotheses in separate analyses with potentially different predictors/ covariates, I will 

speak briefly to how I chose these predictors/ covariates. Including individual items and 

summary scores, there are 642 variables in the data set and many ways to approach their 

analysis. See Table 6 for the list of predictors. It can sometimes be difficult to determine 

which variables should be included as predictors in a model. Modeling more variables 

increases the ability to explain more variance, however, models with unnecessary 

variables are ‘over-specified’ and can perform as unreliably as those with too few 

explanatory variables (Wood, 2001). It is best not to include variables which do not have 
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a hypothesis about their need to be in the model. In this study, most variables used in a 

given analysis are hypothesis driven (based on the research questions I set out to answer 

with this particular study).  

However, since much of this work is exploratory, I also consulted results of 

correlational analyses in choosing variables for inclusion in a given model. This was true, 

for example, with the questions asked on the parent questionnaire, which were selected 

based on correlation with other variables of particular interest.  

Generally speaking, if the correlation between two variables was statistically 

significant (in this data set that is approximately r = .15 to .95) and I had a hypothesis 

about one variable as a predictor but not the other, then I left only the former variable in 

the model. If I had a hypothesis about both variables, then I retained both in the model 

unless they were correlated r > .95, then I left one of them out of the model due to 

potential issues with multi-colinearity. 

 Particular decisions are discussed only for models with findings relevant to the 

research questions or otherwise particularly interesting (see Table 6 for a list of the model 

elements). Reasons for choosing specific variables are presented along with findings in 

the Results chapter. 
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Table 6. Elements of statistical models.  

Variable Purpose in Model 

Child Reflexive Attention Scores (6 
EM and 6 SC) Outcomes 

Infant Reflexive Attention Scores (3) Outcomes 

Sleepiness Predictor (Covariate) 

Symptom Summary Scores (15) Predictors 

Age Predictor (Covariate) 

Error Percent Covariate 

Gender Predictor (Covariate) 

Academic Scores (5) Predictors (Covariates) 

Family per Capita Income Predictor (Covariate) 

Diagnoses (15) Predictor (Covariate) 

Genotype for SNPs (39) Predictors 

Genetic Grouping Scores (8) Predictors 

 

Exclusion Criteria. Part of the parent questionnaire involves parent report of 

diagnoses for their child and any medications the child takes. One way this information 

was used was to determine which children should have their data excluded. All diagnoses 

and drugs mentioned in the dataset were researched for influence on attention (sleepiness, 

working memory problems, etc.) and those children with diagnoses associated with 

attentional problems were excluded for initial analyses. Excluded classes of medications 

included ACE inhibitors (1), antiadrenergic agents (1), anticonvulsants (3), anti-migraine 

(2), anxiolytic (3), atypical antipsychotic (1), beta blocker (1), cough suppressant (1), 

glucocorticoids (1), immunosuppressants (1), leukotriene modifiers (1), proton pump 
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inhibitors (1), SSRIs (5), statins (1), tricyclic antidepressants (2), and urinary 

antispasmodics (1). Excluded diagnoses included ADHD (19), amblyopia (5), autism 

spectrum disorder (6), brain tumor (1), convergence insufficiency (4), depression (9), 

detached retina (1), epilepsy (2), eye movement problem (1), mild cerebral palsy (1), 

obsessive compulsive disorder (5), problems with visual processing (1), seizures, (2), and 

strabismus (1). The data of children with contacts or glasses were retained for analysis. 

Many children had several diagnoses or took several medications so that these categories 

overlap. In all, 71 children were excluded for either a diagnosis or a medication that 

potentially induced inattention. 

We followed the advice of Hutchison, Stallings, McGeary and Bryan (2004) to 

address potential stratification artifacts by using parent-reported ethnicity for parents and 

grandparents as a proxy for genetic subpopulation. Stratification in this case is an artifact 

which occurs when there are systematic differences in a phenotype that have nothing to 

do with a marker under study, yet the association appears statistically significant. 

Spurious relationships are possible because genetic ancestry is related to ethnicity. 

Studies are more at risk for these spurious relationships when participants from various 

ethnic groups are 1) combined in the same analysis, 2) differ on a phenotype, and 3) 

simultaneously differ for unrelated reasons on the frequencies of target genotypes. In a 

particular study it is often impossible to determine if group differences are due to ethnic 

group differences, but population stratification may be suspected if a study fails to 

replicate. Genetics papers are often criticized for failing to address possible confounding 

between genes and ethnicity (Thomas & Witte, 2002). Of the 329 child participants, two 

parents reported being Native American, six reported being Asian, and three reported 
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being Black. That is, less than 2% of parents reported being non-Caucasian. To make 

important ethnic information less likely to be lost, I also asked for grandparent ethnicity. 

This was likewise less than 2% non-Caucasian. There were too few participants who 

reported non-Caucasian ancestry to allow for comparison between ethnic groups. For the 

initial “most restrictive” analysis of the data all those reporting non-Caucasian ancestry 

were excluded. So far, I have performed all the following analyses using only most 

restrictive criteria for diagnoses and medication because I thought this was the most 

conservative decision. Future analyses will compare statistical results with and without 

these subjects to determine if the same decisions are reached. Please see Appendix C for 

details of exclusion criteria. 

Main Analyses 

Statistical analyses were performed using syntax commands in IBM SPSS 

Statistics for Windows (Version 21, Armonk, NY). First, descriptives were obtained for 

variables used in analyses and checked skew, out of range values, high amounts of 

missing data, etc. Any errors were corrected to the extent possible. I determined that 

assumptions of normality were not met (the RT variables had significant positive skew). 

Raw RT values were transformed using a base ten logarithm. Very few participants had 

missing genetic information due to the inability to obtain genotypic information from 

their saliva sample on a particular marker. That is, all 78 alleles on all 39 markers were 

genotyped in more than 96% of participants (the average success rate was 98%). Missing 

genetic data was not at random, however, because four subjects could not have their 

saliva genotyped. In MANCOVA analyses, individuals with missing data are excluded 

from analysis if they are missing data on any variable. 
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This study is considered exploratory in that I am looking for variables that might 

be useful in future studies. I am considering a large number of variables that could 

influence the development of attention between infancy and childhood. To help address 

issues of Type I error due to multiple comparisons, I performed several MANCOVAs.  

The first MANCOVA tested all the markers on a given gene for significant 

association with the derived SC outcomes using child age, error percent and gender as 

covariates. I excluded children with error rates over 40% and then used error percent as a 

covariate instead of excluding all children with high error rates because many of the 

children had high error rates. This is probably a developmental issue as error rate 

decreased with age. See Figure 12. 
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Figure 12. This scatterplot illustrates the drop in error rate with age. Children with error 

rates over 40% on the SC task have been removed from analysis. 

 

I performed a second set of MANCOVAs using child EM data and the same 

covariates. I also performed MANCOVAs for infant variables (birthweight, residual PC, 

residual RT, and the composite of infant RT and PC) using all the markers on a given 

gene just as I had done with the child SC variables.  

Using partial correlation, I checked for associations between error percent and 

average child RT, birthweight, residual infant scores (2), and academic percentile scores 

(5), controlling for error percent, child age, and gender when they were not otherwise in 
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the model. I did a similar analysis to check for associations with average RT, birthweight, 

infant residual scores, and academic scores. 

In our study with adults (Lundwall et al., 2012), we used a regression model to 

predict RT difference scores to each of several display conditions from genotype (a three-

leveled, ordinal variable). We restricted the association to test for linear (dose-response) 

patterns to the number of risk alleles (zero, one, or two alleles). In the current study, I do 

not use this method but instead follow-up significant results in a MANCOVA with 

discriminant function analysis. More details on this technique follow the descriptions of 

the various MANCOVA analyses performed. 

Using MANCOVA, I tested for genetic associations between SNPs on a given 

gene with the 6 SC derived measures as DVs (controlling for child test age, error percent, 

and gender). This analysis uses only those 144 participants that met inclusion criteria and 

completed the SC and EM tasks.  

I repeated the MANCOVA analyses using child EM data (RT and PC left, right, 

and all  Using regression, I checked for associations between infant scores (residual PC 

and residual RT) and academic or behavioral symptom responses. 

I also examined the usefulness of including other outcome measures (e.g., 

academic performance, sleepiness, birthweight, and SES) as covariates. Bradley & 

Corwyn (2002) have discussed the importance of taking into account the number of 

adults and children dependent on a household income when calculating SES. With this in 

mind, I calculated an adjusted income by using the lowest number in a parent-reported 
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household income range5 and dividing by number adults (weight at one) plus number of 

children (weighted at .5).  The basis for weighting children at one-half adults comes from 

government estimation of emergency food to keep on hand (the original citation is no 

longer available and current recommendations are more specific to the child’s age; for 

examples and interactive tools see Nutrition.gov). I am using this income adjusted for 

family size as a proxy for socio-economic status (SES). 

 A particularly interesting analysis is for different trajectories by genotype. If both 

the infant and childhood attention measures are z-scored, the difference between these 

two z-scores can be tested for association with the candidate genes. A significant 

association here could indicate that specific genes are related to the trajectory of 

attentional development.  

To perform the trajectory analysis, I created PC difference and RT difference as 

the differences between z-scored infant PC and z-scored child PC and z-scored infant RT 

and z-scored child RT, respectively. I used a hierarchical ANOVA similar to what we 

used in our previous study (Lundwall et al., 2013). For this analysis, all covariates are 

entered in the first ANOVA and an R2 is obtained. A second ANOVA adds the SNP as a 

predictor6 of the dependent variable and another R2 and the difference between R2s is 

tested for significance (F-test). 

                                                 
5 The upper end of the highest income group is unrestricted, making using the median 

impossible. 

6 In SPSS the SNP is actually entered as a covariate to test for the linear relationship 

(rather than any relationship) with the dependent variable. 
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In cases of significant findings (for any particular SNP that was entered into the 

model) on any on the MANCOVAs (one per gene per research questions one through two 

involving infant, SC, and EM tasks), I examined the associated univariate ANOVAs that 

are reported with the MANCOVA to determine which of the task outcome measures were 

associated with that SNP. If these results were not clear, I followed-up with discriminant 

function analysis. Discriminant function analysis is used to determine if a set of variables 

(i.e., the dependent variables used in the MANCOVA) predicts category membership 

(i.e., to which genotype group a subject belongs).  

Finally, I examined possible mediation patterns (see Figure 8).  As mentioned 

previously, I considered indirect only, complementary, and competitive mediation 

patterns as described by Zhao, Lynch, and Chen (2010). The mediation analysis is to 

determine if factors such as genetic markers, birthweight and my proxy for SES mediate 

the relationship between infant and child PC scores. I repeated this analysis with RT. 
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Chapter 5: Results 

Descriptives 

 Results described below reflect data from the most restrictive sample (a subject’s 

data were removed if they were not a subject as an infant, had non-Caucasian ancestry, 

had a recognized diagnosis, or were taking medication that might induce inattention). I 

chose this approach because statistical decisions about significance were different (in 

10% of the general findings and about 40% of the genetic findings) both when children 

with non-Caucasian ancestry were included and when children were included who had a 

diagnosis that might lead to poor concentration. Therefore, to be conservative I discuss 

only the results using the most restrictive criteria for inclusion in the analyses.  

When applying these criteria, there remain 237 children in the data set (117 are 

female). Of these, 77 (41 female) are in the lower sub-sample group (those with lower 

residual infant Percent Correct [PC] scores who performed worse on the infant attention 

task than predicted), 95 (47 female) are in the upper sub-sample group, and the remainder 

(65; 28 female) were in the middle section of the sample on the infant residual PC scores. 

One-hundred and forty-four of the participants just mentioned (i.e., in the upper or lower 

sub-sample group) completed the Spatial Cueing (SC) and Eye Movement (EM) tasks. 

There are 28 participants from the upper and lower sub-sample groups who did not 

complete the SC or EM tasks but they are in the data set because I allowed them to 

participate by mail (i.e., complete the parent questionnaire and provide a saliva sample) 

because they could not participate in person. All participants completed the parent 

questionnaire and provided a saliva sample. Most children (81.43%) provided some type 

of academic scores, although only 61.09% were able to provide Wisconsin Knowledge 
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and Concepts Examination (WKCE) scores from state academic testing. The latter scores 

are used in the analyses presented in this dissertation. 

Confirmatory Results 

Some initial results are provided here because they add confidence that the 

measures are sensitive enough to produce data that confirm certain simple expectations. 

A more complete table of means and standard deviations for key variables can be found 

in Appendix D, Table 1. There is also a large table of correlations between many of these 

key variables in Appendix D (Table 2)7.  

Infant Measures. As an example of confirmatory findings, recall that there were 

two infant scores consisting of the residuals after I accounted for birthweight, gender, 

infant age corrected for gestation, and study conditions. These two infant standardized 

residual scores were highly correlated (r = -.53, p < .001; infant residual PC score M = 

.07, SD = 1.00; infant residual RT score M = -.04, SD = .97)8. They are each also highly 

correlated with the composite score (M = .10, SD = 1.70) which was created as described 

in the Methods chapter. The correlation of the composite score with residual PC scores is 

r = .87, p < .001; with infant residual RT scores, it is r = -.86, p < .001). There are also 

correlations between infant residual scores and various child outcomes which are 

                                                 
7 Not all variables would fit in Table D-2. Please contact the author if you are interested 

in any missing correlations. 

8 The standardized means and standard deviations are not exactly zero and one 

(respectively) because not all children who were tested as infants participated in the 

follow-up study. 
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addressed under “Fourth Research Question” and “Fifth Research Question” below under 

“Main Analyses” in this (the Methods) chapter. 

Inter-correlations of Child Measures. It was also expected that reading percentile 

scores (M = 76.39; SD = 21.55) would correlate with all other academic scores (Rs > .44, 

Ps<.002; see Table 7 and Table D-1 in the Appendix for means and standard deviations). 

Likewise, it was expected that all raw RT measures on the SC task would be correlated 

(Rs > .84, Ps< .001; see Table 8 and Table D-1 in the Appendix for means and standard 

deviations). The correlation of the raw RT scores is expected because they capture certain 

child characteristics such as motor speed that are not adjusted by subtracting from a 

baseline, as is done with the derived measures on the SC task. Subtracting from a 

baseline allows for each child to act, in a way, as their own control. Nevertheless, the 

derived measures from the SC task are somewhat correlated because they share common 

features (e.g., cost bright and benefit bright are more correlated that cost bright and 

benefit dim) and they all tap the underlying construct of reflexive attention; see Table 9). 

It is also possible that some of the derived measures on the SC task are correlated because 

they share a common baseline RT (e.g., cost bright and benefit bright share dual bright as 

a common baseline). 
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Table 7. Correlation of Academic Percentile Scores from Wisconsin Knowledge and 

Concepts Examination (WKCE). 

  Reading Language Arts Math  Science  Social Studies 

Reading  1 .74** .70** .79** .73**

Language Arts  1 .60** .77** .66**

Math  1 .63** .65**

Science 1 .78**

Social Studies      1

Note. **. Correlation is significant at the 0.01 level (2-tailed). 

Table 8. Correlation of raw RTs from the Spatial Cueing task. 

  DB DD NC BI BV DI DV 

Dual Bright (DB) 1 .94** .84** .92** .87** .91** .87**

Dual Dim (DD) 1 .87** .91** .89** .92** .90**

No Cue (NC) 1 .86** .87** .87** .86**

Bright Invalid (BI) 1 .86** .93** .87**

Bright Valid (BV) 1 .84** .91**

Di Invalid (DI) 
 

1 .86**

Dim Valid (DV)         1

Note. See the labels in the first column for the acronyms used as column headers.  

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 9. Correlation of Derived Measures from the Spatial Cueing (SC) task. 

  AB AD BB BD CB CD 

Alert Bright (AB) 1 .80** -.56** -.19* -.36** -0.11 

Alert Dim (AD) 1 -.34** -.37** -.22** -.31** 

Benefit Bright (BB)  1 .38** .26** -0.09 

Benefit Dim (BD)  1 .10 .14 

Cost Bright (CB)  1 .43** 

Cost Dim (CD)       1 

 
 

Table 10. Correlation of Outcomes from the Child Eye Movement (EM) Task. 

 Child PC 
left 

Child PC 
right 

Child 
PC all 

Child RT 
left 

Child RT 
right 

Child 
RT all 

Child PC left 1 .23** .75** .10 .14 .15

Child PC 
right   1 .81** .33** .27** .37**

Child PC all   1 .28** .27** .33**

Child RT left   1 .46** .81**

Child RT 
right   1 .89**

Child RT all        1
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Spatial Cueing Task Correlations with Parent Checklist of Behavior Scores. One 

interesting question is whether any of the attentional task measures from the SC and EM 

tasks correlate with the parent-reported measures. Indeed, there is a negative correlation 

between cost bright (M = -9.88; SD = 24.36) and Inhibition scores (M = 1.24, range = 0 

to 6; r = -.24, p = .003; see Table 11). These Inhibition scores are calculated from the 

parent reported symptom checklist. Higher behavioral scores indicate more of the 

behavior described by the score name, in this case more Inhibition. Likewise, higher cost 

bright outcome measures indicate greater (i.e., more positive or less negative) costs. 

Recall that costs are coded negatively compared to the baseline of alerting (in this case, 

the child’s alert bright outcome measure) so that children who slow down to an invalid 

bright cue compared to this baseline have negative scores and children who speed up 

compared to this baseline have positive scores. The correlation remains significant when 

adjusted for age, gender and error percent (rp =  -.21, p = .01). The negative correlation 

means that as parent-reported Inhibition increases, the attentional cost of an invalid cue 

also increases (i.e., the cost becomes more negative). Children who tend to be more 

inhibited also slow down in responding to an invalid cue relative to a neutral baseline 

condition. It could be that there is something physiological that is shared in the slowed 

response to a distracting bright cue (greater costs) and in the tendency to inhibition. Note 

in Table 11 that there is also a correlation between Inattention (M = 1.38, range = 0 to 8) 

and cost bright (the correlation is positive so those with more positive cost bright 

outcomes tend to be rated as more inattentive by their parents). Having more positive cost 

bright scores means that the child was less distracted by the invalid cue. There is a 

correlation between Relational Aggression (M = .21, range = 0 to 6) and cost dim (M = -
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5.79; SD = 24.18). These correlations remain at least marginally significant when 

adjusted for age, gender and error percent (for Inattention and cost bright, the correlation 

is rp =  .20, p = .02; for Relational Aggression and cost dim the correlation is negative rp 

=  -.16, p = .06). The meaning of this latter correlation is less clear, but see below under 

“Fifth Research Question” that there was also a correlation between infant residual PC 

scores and Relational Aggression, indicating that it shares something in common with 

reflexive attention at both ages. These example correlations show that behavioral 

measures from the SC and EM tasks do correlated with various parent-reported measures. 

I will address all these correlations in the Discussion chapter. 

 

Table 11. Correlations between Behavioral Checklist Scores and Spatial Cueing 

Outcomes. 

Inhib. Inattn. Rel. Aggr. CB CD 

Inhibition (Inhib.) 1 .179* .137 -.243** -.132

Inattention (Inattn.) 1 .083 .185* .121

Relational Aggression 
(Rel. Aggr.) 1 -.148 -.170*

Cost Bright (CB)  1 .429**

Cost Dim (CD)  
 

1

Note. Bolded correlations remain at least marginally significant when child age, gender, 

and error percent are controlled for. * Correlation is significant at the 0.05 level (2-

tailed). ** Correlation is significant at the 0.01 level (2-tailed). 
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Behavioral Symptom Checklist Inter-correlations. The immediately preceding 

section showed that contemporaneous behavioral and parent-report measures are in some 

cases correlated. This section asks whether parent-report measures (Behavioral Symptom 

scores) are inter-correlated. High inter-correlations would mean that the different 

measures share a large amount of common variance. Most behavioral symptom scores are 

moderately to highly inter-correlated (Rs from .20 to .99, Ps from <.001 to .05; see Table 

12 for select correlations and Table D-1 in the Appendix for means and standard 

deviations). The exception was Relational Aggression, which tended not to correlate with 

the behavioral symptoms of Inhibition, Inattention, or Over-anxiousness. This indicates 

that Relational Aggression is different from the other behavior problems and that the 

children who have other behavioral problems tend not to be the ones that have Relational 

Aggression. Interestingly, Relational Aggression was also correlated with infant attention 

scores (see “Fifth Research Question” under the sub-heading Main Analyses in this 

chapter). The association with infant attention scores is related to one of my research 

questions and will be addressed in the Discussion chapter. 
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Table 12. Inter-association of behavioral symptom scores. 

  
Dep. Cond. 

Dis. 
Impul. Inhib. Inattn. Sep. 

Anx. 

Depression (Dep.) 1 .46** .24** .28** .27** .37**

Conduct Disorder (Cond. Dis.)  1 .35** .22** .37** .44**

Impulsivity (Impul.)  1 .13* .62** .33**

Inhibition (Inhib.)  1 .14* .21**

Inattention (Inattn.)  
 

1 .35**

Separation Anxiety (Sep. Anx.)  
  

1

Oppositional Defiant (Opps. 
Def.)  

  

Asocial (AS)  
  

Over-anxiousness (OA)  
  

Overt Aggression (Aggr.)  
  

Relational Aggression (Rel. 
Aggr.)  

  

Social Anxiety (SA)  
  

Internalizing (Intern.)  
  

Externalizing (Extern.)  
  

ADHD Symptoms (ADHD)         

Note. ** Correlation is significant at the 0.01 level (2-tailed).  * Correlation is significant 

at the 0.05 level (2-tailed). 
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Table 12. Continued. 

  
Opps. 
Def. 

AS OA Aggr Rel. 
Aggr. 

SA 

Depression (DE) .59** .37** .48** .36** .28** .36** 

Conduct Disorder (Cond. Dis.) .62** .19** .25** .62** .28** .29** 

Impulsivity (Impul.) .54** .20** .24** .47** .25** .15* 

Inhibition (Inhib.) .26** .49** .39** .19** .12 .70** 

Inattention (Inattn.) .43** .18** .31** .31** .07 .21** 

Separation Anxiety (Sep. Anx.) .34** .15* .49** .24** .14* .38** 

Oppositional Defiant (Opps. 
Def.) 1 .37** .47** .62** .34** .36** 

Asocial (AS) 1 .42** .21** .14* .57** 

Over-anxiousness (OA) 1 .21** .11 .51** 

Overt Aggression (Aggr) 1 .38** .22** 

Relational Aggression (Rel. 
Aggr.) 1 .19** 

Social Anxiety (SA)  1 

Internalizing (Intern.)  
 

Externalizing (Extern.)  
 

ADHD Symptoms (ADHD)    
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Table 12. Continued. 

 Intern. Extern. ADHD 

Depression (DE) .71** .58** .28** 

Conduct Disorder (Cond. Dis.) .43** .79** .40** 

Impulsivity (Impul.) .32** .54** .91** 

Inhibition (Inhib.) .39** .26** .15* 

Inattention (Inattn.) .38** .44** .89** 

Separation Anxiety (Sep. Anx.) .72** .38** .37** 

Oppositional Defiant (Opps. 
Def.) .58** .96** .54** 

Asocial (AS) .41** .33** .21** 

Over-anxiousness (OA) .91** .42** .30** 

Overt Aggression (Aggr.) .31** .77** .44** 

Relational Aggression (Rel. 
Aggr.) .19** .38** .18** 

Social Anxiety (SA) .55** .36** .20** 

Internalizing (Intern.) 1 .56** .38** 

Externalizing (Extern.) 1 .54** 

ADHD Symptoms (ADHD)   1 

Note. ** Correlation is significant at the 0.01 level (2-tailed).  * Correlation is significant 

at the 0.05 level (2-tailed). 
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Correlations with Error Percent on the Spatial Cueing Task. Another interesting 

finding from the child task is that error percent on the SC task (M = .07, SD = .08) is 

correlated with several SC outcome measures (alert bright r= -.23, p = .01; alert dim r= -

.21, p=.01, and cost bright r = .20, p = .02) and with academic scores (see Table 13; 

means and standard deviations can be found in Table 1 of Appendix D). Error percent 

retains essentially the same correlation with alert dim, alert bright, and cost bright when 

child age and gender are controlled for. When I control for age and gender, the 

correlation between error percent and reading scores increases (rp = -.48, p = .001) as 

does the correlation between error percent and language arts (rp =  -.42, p = .01). These 

are impressively high correlations showing that children who make more errors on the SC 

task also tend to have lower academic scores. The correlation might be explained by the 

fact that reading (required for all three academic tests) and responding quickly to the 

location of a target both have a spatial component. These results imply that one of the 

child attention tasks (SC) is identifying an individual difference that has application in 

the child’s day-to-day life. See the Discussion chapter for implications. 
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Table 13. Correlations of error percent with academic percentile scores. 

  
Error 
Percent 

Reading Lang. 
Arts 

Math Science Social 
Studies 

Error Percent 1 -.24* -.34* -.05 -.47** -.20 

Reading   1 .74** .70** .79** .73** 

Lang. Arts   1 .61** .77** .66** 

Math   
  

1 .63** .65** 

Science   1 .78** 

Social Studies           1 

 Note. ** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant 

at the 0.05 level (2-tailed). 

 

Correlations with Age. As further confirmation that our child outcome measures 

are behaving as expected, there are significant changes in certain outcomes over the 

course of development. In particular, as they age children’s behavioral symptoms scores 

indicate that they become less impulsive, more attentive (p = .06), less aggressive9, and 

have fewer symptoms of ADHD (all as rated by parents; see Table 14). Another outcome 

that is associated with child age is average RT (r = -.50, p < .001); older children respond 

more quickly overall than younger children in the SC task. See Figure 11 in the Research 

                                                 
9 The children show both less overt aggression and slightly less relational aggression as 

they age. The latter, however, is not a significant change in this study over the age range 

studied. 
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Questions chapter. Like average RT, accuracy improves with age (r = -.50, p < .001; see 

Figure 12 in the Research Questions chapter). None of these developmental changes are 

surprising but they point to the need to control for age in the analyses that follow (i.e., 

“Main Analyses,” this chapter). 

 

Table 14. Correlations with age. 

  
Age Impulsivity Inattention Aggression 

(Overt) 
ADHD 
Symptoms 

Age 1 -.23** -.12 -.13* -.20** 

Impulsivity   1 .62** .47** .91** 

Inattention   1 .31** .89** 

Aggression 
(Overt)   1 .44** 

ADHD 
Symptoms      1 

Note. ** Correlation is significant at the 0.01 level (2-tailed).  * Correlation is significant 

at the 0.05 level (2-tailed). 

 

Correlations with Gender. In addition to error percent and age, gender could be 

another variable that to be controlled in some of the analyses described below. In 

particular, ADHD symptoms scores on the parent behavior checklist were associated with 

gender (see Table 15). The positive correlations for gender (see the top row) indicate that 

males are more likely to have higher ADHD scores. The significant correlations of 

gender with all of the measures shown in Table 15 imply that gender should be controlled 
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in the subsequent analyses. No correlations between diagnosis and any of the key 

variables were significant except for a correlations between visual problems and benefit 

dim (r = .25, p = .02, n = 30). While the dim cues are clearly visible to most individuals, 

it is possible they are difficult to perceive for some individuals and so valid dim pre-cues 

are less beneficial. This is unlikely to affect costs. This explanation is not satisfactory, 

however, because visual problems (i.e., needing glasses or contacts) was not correlated 

with either alert dim or alert bright. These correlations would be expected because they 

involve temporal cues and if the dim cues cannot be discerned it would be difficult to 

benefit from the. 

In summary, the descriptive results confirm the expected findings associated with 

development and the various measures. The results also suggest likely covariates and 

several areas for further exploration. In short, the child SC task performed as expected 

with children responding faster and yet making fewer errors with increased age. Several 

of the parent-report measures were correlated with contemporaneous spatial cueing 

scores and also with attentional measures collected some 15 years earlier. These results 

will be discussed later as they become relevant to the various research hypotheses.
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Table 15. Correlations with gender. 

  
Gender Cond. 

Dis. 
Impul. Inhib. Aggr. SA Extern. ADHD  

Gender 1 .16* .16* -.13* .27** -.14* .13* .13*

Conduct 
Disorder 
(Cond. Dis.) 

  1 .35** .19** .62** .29** .81** .40**

Impulsivity 
(Impul.)   1 .13* .47** .15* .53** .91**

Inhibition 
(Inhib.)   1 .18** .78** .27** .15*

Overt 
Aggression 
(Aggr.) 

  1 .22** .78** .44**

Social 
Anxiety 
(SA) 

  1 .36** .20**

Externalizing 
(Extern.)   

 
1 .54**

ADHD 
Symptoms           1

Note. ** Correlation is significant at the 0.01 level (2-tailed).  * Correlation is significant 

at the 0.05 level (2-tailed). 

 
Main Analyses Related to Research Hypotheses 

Hardy-Weinberg Equilibrium. It is possible to calculate the expected 

frequencies of the three genotypes for each SNP under the assumptions of random 

mating, large population size, equal allele frequencies in both sexes, and no migration, 

mutation or selection (see Pierce, 2008, p. 338). For example, given two alleles (e.g., the 
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nucleotides C and T) and their frequencies in the population (from the Minor Allele 

Frequency, MAF, in Caucasians, in this case) we can calculate the expected proportions 

of each of the three genotypes in our sample by using the Hardy-Weinberg formula: p2 + 

2pq + q2 = 1. In this example p = the proportion of cytosine (C) with a MAF of .15 and q 

= the proportion of thymine (T) with an allele frequency of 1 - .15 or .85; T is the non-

risk allele. The expected value for the TT homozygous group is q2 or .72. For the 

heterozygous group (TC) the expected proportion is 2pq or .25, and for the other 

homozygous group (CC) the expected value is p2 or .02. We can test the observed 

frequencies of the three genotypes against these expected frequencies using a chi-square 

test.  

Common reasons for lack of Hardy-Weinberg Equilibrium (HWE) include gross 

genotyping error or population stratification (Grover, Cole & Hamilton, 2010). In this 

study all SNPs were in HW equilibrium (all Ps > .39). Tests were performed using the 

whole sample, prior to excluding subjects. Since observed frequencies are not 

significantly different from expected frequencies this can help justify including children 

with at least one grandparent with non-Caucasian ancestry. In addition, statistical tests are 

run with and without these children. This is discussed in the results specific to a genetic 

marker (i.e., the SNPs selected for use in this study). 

Exclusion Criteria and Relevant Sample Sizes. There are a total of 320 children 

in the data file who participated as infants. Children’s data were excluded from analysis 

due to ethnicity (to reduce the chances of false positives on genetic associations due to 

population stratification), and medications or diagnoses that might induce sleepiness 

(e.g., some medications used to exclude children were tricyclic antidepressants, 



97 
 

 

antiadrenergic agents, anti-migraine medications, anxiolytics, atypical antipsychotics, and 

anticonvulsants). For testing genetic associations with infant variables and child 

behavioral symptom scores the sample size is 237. In the genetic analyses involving child 

SC and Eye Movement (EM) outcomes, this sample size of 237 children was reduced by 

65 because these children were in the middle sub-sample group (middle of the infant 

residual PC group) that did not participate in the behavioral part of the study. The sample 

was further reduced by 28 participants in the extreme groups who were not able to come 

to the Waisman Center to complete the computerized attention tasks (due to distance), 

although they did participate by mail by providing saliva samples and parent 

questionnaire responses. This leaves a sample of 144 who are in the lower and upper 

infant residual PC score groups and completed both computer tasks.  

First research question. Are specific candidate genes associated with reflexive 

attention in infants?  

A major question in this study is whether genotype is significantly associated with 

the infant outcome measures (PC residual scores, RT residual scores, or the composite 

score). Recall, the PC and RT measures were residualized to control for other variables 

associated with these measures. To answer this question, I conducted 11 MANCOVAs 

(to help address type I error) using all the markers on each gene (in turn) as predictors. 

The residual score already controls for age, birthweight, gender, and study conditions.  as 

covariates and That is, I ran eleven MANCOVAs for genetic associations with the infant 

task. I also use birthweight as an outcome. I do this, in part, due to the associations 

Dannemiller (2004) found between birthweight and reflexive attention in infant boys.  
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I used Roy’s largest root to determine statistical significance. This method tends 

to have greater power to detect significance. Roy’s root appears to be the most 

appropriate method for the exploratory nature of this study. Roy’s root is especially 

helpful when the dependent variables are highly correlated. Five of the 11 genes had at 

least one SNP that was statistically significant. In all, six SNPs were significant (see 

Table 16).   
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Table 16. Markers with significant associations with the infant task (MANCOVA). 

Genetic Marker df F Partial 2 p 

BDNF  rs6265 3, 161 4.41 0.08 0.005 

CHRNA4   rs1044396 3, 159 3.29 0.06 0.02 

DRD4   rs1800955 3, 160 5.23 0.09 0.002 

SLC5A7   rs3806536 3, 157 2.72 0.05 0.046 

SLC6A3   rs2937639 3, 156 3.39 0.06 0.02 

SLC6A3   rs463379 3, 156 2.83 0.05 0.04 

APOE. 

rs439401: No significant results. 

rs7412. No significant results.  

BDNF.  

rs1491850. No significant results. 

rs2203877. No significant results. 

rs6265: This SNP was significantly associated with at least one infant outcome 

measure or some combination of outcome measures in the MANCOVA (F[3, 161] = 

4.41; p = .005, p
2 = .08). From the univariate ANOVAs that are reported with the 

MACOVA10, infant outcomes related to this SNP appear to be: residual RT scores (F[2, 

162] = 3.12; p = .047, p
2 = .04), the composite of residual RT and PC scores (F[2, 162] 

                                                 
10 These ANOVAs used df = 2 which allows for the possibility of a heterogygote 

advantage/disadvantage for genotype rather than df = 1 which only looks at slope or 

linear dose/response 
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= 2.98; p = .05, p
2 = .04), and birthweight (F[2, 162] = 6.09; p = .003, p

2 = .07). These 

ANOVAs are not always useful in understanding the results of a MANCOVA, but in 

this case appear to be helpful. The findings are interesting because the same SNP is 

associated both with the reflexive attention measures and with birthweight and it might 

be expected that this result could explain some aspects of the findings in Dannemiller’s 

earlier studies (2004) on birthweight and reflexive attention in early infancy. Please see 

Figure 13, where the data are plotted for the two genders separately and infants are 

divided into two groups on birthweight using a median split: Light (less than 3572 

grams) and Heavy (greater than or equal to 3572 grams). As a reminder, none of the 

infants were classified as low birthweight infants (i.e., less than 2,500 g [5.5 pounds] as 

classified by ICD-10). 

Notice that for heavier boys, having even one A allele leads to more positive 

residualized RT scores. Heavier boys with the GG genotype, in contrast, show negative 

residual RT scores. A positive residual RT score means that infants responded more 

slowly than would have been predicted from the control variables, and vice versa for a 

negative residual score. In a sense then, infants boys in the heavier end of the 

birthweight distribution who had at least one A allele on this BDNF SNP tended to 

respond more slowly to the appearance of a moving bar among static bars than would 

have been predicted by the various contemporaneous control variables. Boys having the 

GG genotype on BDNF rs6265 tended to respond more quickly to the appearance of the 

target than would have been predicted.  
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Figure 13. It appears that girls’ reflexive attention scores are not affected by any 

genotype on this SNP. Heavier boys with the GG genotype, however, do show lower 

residual scores on the RT measure. This indicates that heavier boys are faster than 

expected if they have the risk genotype. 

CHRNA4.  

rs1044396. There were significant associations of several measures with this SNP 

on CHRNA4 (F[3, 159] = 3.29; p = .02, p
2 = .06). Here, the accompanying ANOVAs 

show that the residual RT scores (F[2, 166] = 2.76; p = .066, p
2 = .03) and the infant 
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score composite (F[2, 166] = 3.39; p = .04, p
2 = .04) were associated. The infant score 

composite is comprised of residual PC scores and reverse-coded residual RT scores. To 

create the composite, RT was reverse coded and then added to PC. This means high 

scores indicate the subject is performing better (faster and more accurately). In this case, 

infants with no risk alleles (CC; M = .38, SD = 1.82) are performing better than infants 

with one risk allele (CT; M = .20, SD = 1.50) or with two risk alleles (TT; M = -.55, SD = 

1.93). This suggests that acetylcholine, the neurotransmitter associated with CHRNA4, 

influences the performance of infants on the infant reflexive attention task. This finding is 

in line with what Reinvang et al. (2009) found in adults. 

rs2273502. No significant results. 

rs6090387. No significant results. 

COMT. 

rs165599. No significant results. 

rs737865. No significant results. 

DRD4.  

rs11246227. No significant results.  

rs1800955 This SNP showed significant associations with two infant reflexive 

attention scores. It was associated with the residual PC scores (F[2, 161] = 4.97; p = .008, 

p
2 = .06) and with the composite of residual PC and residual RT scores (F[2, 161] = 

3.48; p = .03, p
2 = .04). It was also associated with birthweight (F[2, 161] = 3.10; p = 

.05, p
2 = .04). As can be seen in Figure 14, individuals with one risk allele (CT; M =     -

.19, SD = .93) have a lower residual PC score (representing the variation that remains 

after adjusting for age at testing [corrected for gestation], gender, and birthweight). Those 
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with either zero (TT) or two (CC) risk alleles (M = .16, SD = .97 and M = .36, SD = 1.03, 

respectively) are performing above predicted. This finding is somewhat unusual. I will 

address some possible explanations in the Discussion chapter.  

 
Figure 14. This chart illustrates that those with the risk genotype (CC) are performing 

better than expected.  

 

rs7124601. No significant results. 

HTR4.

rs12374521 No significant results. 

rs1363545. No significant results. 

rs1862345. No significant results. 
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IGF2. 

rs10770125. No significant results. 

rs734351. No significant results. 

rs7924316. No significant results. 

MAOA.  

rs1137070. No significant results. 

rs12843268. No significant results. 

rs2072743. No significant results. 

rs3027400. No significant results. 

rs6323. No significant results. 

rs909525.  No significant results. 

SLC5A7.  

rs1013940. No significant results. 

rs2114635. No significant results. 

rs333229. No significant results. 

rs3806536. The MANCOVA shows that this SNP is significantly associated with 

at least one infant outcome or combination of outcomes (F[3, 160] = 5.23; p = .002, p
2 = 

.09) . The ANOVA accompanying the MANCOVA suggests that the association may be 

primarily with birthweight (F[2, 158] = 3.66; p = .03, p
2 = .04). The mean birthweight of 

infants with the AA genotype is higher (M = 3701 g ; SD = 440 g) than those with the AG 

genotype (M = 3606 g ; SD = 470 g), who were in turn heavier than those with the GG 

genotype (M = 3518 g ; SD = 429 g). The risk allele is not known for this SNP, but was 

randomly set to G. SLC5A7 was selected as a gene of interest because it is related to the 
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availability of acetylcholine and is upregulated during tasks that require sustained 

attention.  

rs4676169. No significant results. 

SLC6A3.  

rs2042449. No significant results. 

rs2617605. No significant results. 

rs27047. No significant results. 

rs2937639. The MANCOVA shows that one infant outcome or a combination of 

outcomes was significantly associated with this SNP composite (F[3, 156] = 3.39; p = 

.02, p
2 = .06). Accompanying ANOVAs suggest that all three infant reflexive attention 

measures are associated with this SNP: residual PC scores (F[2, 157] = 3.04; p = .05, p
2 

= .04); residual RT scores (F[2, 157] = 4.54; p = .01, p
2 = .06); and the composite (F[2, 

157] = 4.86; p = .01, p
2 = .06). See Figure 15 for an example using residual infant RT 

scores. In this case, those with one copy of each allele (AG; M = .15, SD = .94) are 

performing slower (above predicted values). Homozygotes, on the other hand, are 

responding faster (below predicted values; for AA: M = -.31, SD = .82; for GG: M =  -

.14, SD = 1.05). 
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Figure 15. This shows what appears to be heterozygote disadvantage in which those with 

one copy of each allele perform worse on some outcome than those with two copies of 

either allele. 

 

rs463379. The MANCOVA indicates that one or more outcomes or combinations 

of outcomes is significantly associated with this with this SNP (F[3, 156] = 2.83; p = .04, 

p
2 = .05).Accompanying ANOVAs indicate that this SNP is significantly associated with 

the residual PC scores (F[2, 157] = 3.66; p = .03, p
2 = .04). Those with zero copies of 

the risk allele have much higher PC scores than predicted (GG; M = .76, SD = .70). Those 

with one (CG; M = -.09, SD = .88) or two (CC; M = .09, SD = 1.04) do not appear to be 
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very different from each other. However, unlike previous findings reported in this 

dissertation, the sample size of the genotype groups is unbalanced and there are only 8 

subjects in the GG group. 

rs6350. No significant results. 

SNAP25. 

rs362570. No significant results. 

rs3746544. No significant results. 

rs6032846. No significant results. 

rs6077690. No significant results. 

Genetic composite scores. Recall that I also planned to check for associations 

with two types of genetic composite scores. The first is a composite (sum) of all the risk 

alleles on a given gene. That is, participants received a score of 0, 1, or 2 on each SNP 

depending on how many risk alleles they carried. These scores were then added across 

the SNPs on a given gene. Only SNPs with a risk allele identified in the prior literature 

were included for a given gene. The second is a similar composite of all the risk alleles 

for SNPs associated with a given neurotransmitter across different genes. None of the 

genetic composite scores was significantly associated with any infant task outcome 

scores. 

Second research question. Are any of the candidate genes associated with 

reflexive attention in children?  

I will discuss associations with the SC task first, followed by the results for the 

EM task. There are six outcomes for the child SC task and these were entered into 

MANCOVAs using age, error percent, and gender as covariates and using all the SNPs 
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on a given gene as predictors. Seven of the 11 genes had at least one SNP that was 

statistically significant after controlling for age, error percent, and gender. Twelve of 39 

SNPs showed significant association with some aspect of the SC task. See Table 17.   

 
Table 17. Markers with significant associations with the SC task (MANCOVA) 

Genetic Marker df F Partial 2 p 

BDNF   rs2203877 6, 126 3.04 0.13 0.01 

CHRNA4   rs2273502  6 , 125 2.92 0.13 0.01 

CHRNA4   rs6090387 6, 124 3.04 0.18 0.01 

HTR4   rs1363545 6, 125 2.36 0.10 0.03 

HTR4   rs1862345  6, 125 2.79 0.12 0.01 

IGF2   rs10770125 6, 126 2.86 0.12 0.01 

IGF2   rs734351  6. 126 2.40 0.10 0.03 

IGF2   rs7924316 6. 126 3.30 0.14 0.005 

MAOA   rs6323  6. 123 2.83 0.12 0.01 

SLC5A7   rs1013940  6, 122 2.06 0.09 0.06 

SNAP25   rs362570  6, 124 2.37 0.10 0.03 

SNAP25   rs6032846 6, 124 2.67 0.11 0.02 

For each SNP that showed significance above, I will summarize univariate output 

that accompanies the MANCOVA. However, in many cases these results were unclear so 

a discriminant function analysis is also reported.  

APOE. 

rs439401: No significant results. 

rs7412. No significant results. 
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BDNF. 

rs1491850. No significant results. 

rs2203877. This SNP was significantly associated one or more (or a combination 

of) outcomes in the MANCOVA (F[6, 126] = 3.04; p = .01, p
2 = .13). An accompanying 

ANOVA indicates this SNP is associated with cost bright (F[2, 130] = 8.92; p < .001, p
2 

= .12). The risk allele on this SNP is unknown but was randomly assigned to be T. 

Heterozygotes (CT) had larger costs (M = -18.79, SD = 25.91) than either homozygote 

group (for CC: M = -2.81, SD= 21.61; for TT: M = -.318, SD = 19.86). Therefore, in this 

case my findings do not suggest which allele is the risk allele. I will return to this result in 

the Discussion chapter. 

rs6265. No significant results. 

CHRNA4. 

rs1044396. No significant results. 

rs2273502. This SNP showed association with one or more SC outcomes in the 

MANCOVA (F[6, 125] = 2.92; p  = .01, p
2 = .13). However, it was not significantly 

associated with any of the six SC outcomes in the accompanying univariate ANOVAs. 

The closest association is with alert bright (p = .11). These univariate tests do not make 

adjustments for other DVs in the model, so it is possible that association with another DV 

is what the MANCOVA is detecting that the univariate tests cannot detect. That is, it may 

be that some combination of SC task outcomes is what is associated with this SNP. 

Typically a result like this would be followed-up with a discriminant function analysis 

and this was done. However, discriminant function analysis was not useful in finding a 

combination of the six SC outcomes that is associated with this SNP (Wilks’ s for 
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discriminant function = .96, p = .46). I return to this type of outcome in the Discussion 

chapter.  

rs6090387. The MANCOVA shows that this SNP is significantly associated with 

one or more SC outcomes (F[6, 124] = 3.04; p  = .01, p
2 = .18). Accompanying 

ANOVAs indicate that this SNP is at least associated with alert bright (F[2, 129] = 3.45; 

p  = .04, p
2 = .05). Examining the means indicates that those with larger alerting effects 

to bright cues (GG; M = 41.44, SD = 33.69) are those identified by Wallis et al. (2009) as 

having the risk genotype on this SNP for ADHD. The overall pattern is linear. That is, 

those with zero risk alleles (CC) have smaller alerting effects (M = 35.30, SD = 29.37) 

than those with one risk allele (CG; M = 39.54, SD = 33.69) who had smaller alerting 

effects than the GG genotype. A large alerting effect indicates that children respond faster 

when given two neutral cues (that do not specify the spatial position of the target) than 

when uncued. Those with the risk genotype (GG) show larger attentional benefits from 

neutral precues. I will return to this result in the Discussion section.  

COMT. 

rs165599. No significant results. 

rs737865. No significant results. 

DRD4. 

rs11246227. No significant results.  

rs1800955. No significant results. 

rs7124601. No significant results. 

HTR4. 

rs12374521 No significant results. 
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rs1363545. This SNP showed significance in the MANCOVA (F[6, 125] = 2.36; 

p  = .03, p
2 = .10) but did not show significant results in the accompanying univariate 

analysis. The p-value closest to significance is only p = .23 (benefit dim). As explained 

previously, a result like this would typically be followed-up with a discriminant function 

analysis. However, discriminant function analysis was not useful in finding a 

combination of the six SC outcomes that is associated with this SNP (Wilks’  for 

discriminant function = .91, p = .38). See the Discussion chapter for possible 

explanations. 

rs1862345. This SNP also showed significance with some outcome(s) in the 

MANCOVA F[6, 125] = 2.79; p  = .01, p
2 = .12) but not in the accompanying univariate 

analysis. The nearest association ( p = .18) is with cost bright. Once again, it seems likely 

that it is combination of SC task outcome measures that is associated with this SNP. I 

tested this idea using discriminant function analysis but, unfortunately, no significant 

variate was found (Wilks’  = .89, p = 18). Please see the Discussion chapter for possible 

explanations. 

IGF2.

rs10770125. This SNP showed significant association with one or more measures 

from the SC task in the MANCOVA (F[6, 126] = 2.86; p = .01, p
2 = .12). However, the 

nearest associations of any SC task outcome measure with this SNP is not significant (p 

= .12, with alert dim). As with previous discriminant function analyses, I was not able to 

determine which combination of outcomes is associated with this SNP (Wilks’ s = .92, p 

= .43). Please see the Discussion chapter for possible explanations. 
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rs734351. This SNP showed significant association with one or more aspects of 

the SC task in a MANCOVA (F[6, 126] = 2.40; p = .03, p
2 = .10) and was not 

significantly associated with any particular SC task outcome in the univariate analyses. 

(The nearest was cost bright, p = .10). However, in this case discriminant function 

analysis was helpful ( 2[12, N = 141] = 21.14, p = .048). Alert dim (b = 1.26) and benefit 

dim (b = .62) standout as particularly important associates with this SNP. In addition, CT 

and TT are particularly well distinguished by the first discriminant function. That is, the 

first variate (a combination of SC outcome measures that is determined by discriminant 

function analysis) is particularly good as distinguishing children who get one T allele 

from those who get two. The second discriminant function was not significant. 

rs7924316. The MANCOVA showed that this SNP was significantly associated 

with one or more outcomes on the SC task. In univariate analyses, the nearest associated 

outcomes were alert dim and benefit bright (p = .07 and .08, respectively). Discriminant 

function analysis was not helpful (Wilks’ s = .92, p = .39). Please see the Discussion 

chapter for possible explanations. 

MAOA. 

rs1137070. No significant results. 

rs12843268. No significant results. 

rs2072743. No significant results. 

rs3027400. No significant results. 

rs6323. The MANCOVA showed that this SNP was significantly associated with 

one or more outcomes on the SC task (F[6, 123] = 2.83; p = .01, p
2 = .12). Univariate 

analyses accompanying the MANCOVA show this SNP is associated with three SC task 
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outcomes: benefit dim (F[1, 128] = 6.94; p = .01, p
2 = .05), cost bright (F[1, 128] = 

6.76; p = .01, p
2 = .05), and cost dim (F[1, 128] = 5.59; p = .02, p

2 = .04). Several of 

the outcomes are correlated; see Table 9 for inter-correlations between SC task outcome 

measures. Because this SNP is on an X chromosome, the data of boys and girls need to 

be analyzed separately. By way of illustration, boys with one risk allele (G) have smaller 

benefits in RT when a target appears after a pre-cue on the ipsilateral side (M = -14.88, 

SD = 25.28) than boys with no risk allele (M = -8.63, SD = 24.45). Likewise, girls with 

one risk allele (GT; M = -10.71, SD = 25.24) have large negative benefits (costs) while 

those with no risk alleles (TT; M = -3.30, SD = 21.41) have smaller negative benefits, and 

those with two risk alleles (GG) have benefits in the positive direction (GG; M = 2.33, 

SD = 26.98). Recall that benefits are typically positive in adults and so this finding seems 

unusual. Please see the Discussion chapter for some possible explanations. 

rs909525. No significant results. 

SLC5A7.  

rs1013940. This SNP is marginally associated with some aspect of the SC task in 

a MANCOVA (F[6, 122] = 2.06; p = .06, p
2 = .09), but no particular SC task outcome 

stood out in the ANOVAs that accompany the MANCOVA . The closest association was 

with cost bright (p = .09). Discriminant function analysis was not helpful for this SNP 

(Wilks’ s = .92, p = .48). Please see the Discussion chapter for possible explanations. 

rs2114635. No significant results. 

rs333229. No significant results. 

rs3806536. No significant results. 

rs4676169. No significant results. 
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SLC6A3. 

rs2042449. No significant results. 

rs2617605. No significant results. 

rs27047. No significant results. 

rs2937639. No significant results. 

rs463379. No significant results. 

rs6350. No significant results. 

SNAP25.

rs362570. This SNP is associated with some aspect of the SC task in a 

MANCOVA (F[6, 124] = 2.37; p = .03, p
2 = .10) and was also significantly associated 

with cost dim (F[2, 128] = 4.87; p = .02, p
2 = .07) in the univariate analyses that 

accompanies the MANCOVA. The risk allele is not known for this SNP and was 

randomly assigned to be T. Subjects with the CC genotype had the least negative costs 

(M = -2.88, SD = 22.84) while those with the TT genotype had the most negative costs 

(M = -33.00, SD = 29.23). Heterozygote values fell between (M = -7.88, SD = 23.41). 

Therefore, even though the risk allele is unknown, this SNP shows a linear, dose-

response pattern. However, the TT group size is only 6 subjects. 

rs3746544. No significant results. 

rs6032846. MANCOVA results show that this SNP is associated with some 

aspect of the SC task (F[6, 124] = 2.67; p = .02, p
2 = .11). The accompanying ANOVAs 

indicate that this SNP is associated with both benefit dim (F[2, 128] = 3.50; p = .03, p
2 = 

.05) and cost bright (F[2, 128] = 2.94; p = .056, p
2 = .04). The risk allele is not known 

but was randomly assigned to be T. In the case of benefit dim, the CC genotype has the 
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smallest (large negative) benefits (M = -16.35, SD = 20.18), followed by the TT genotype 

(M = -10.66, SD = 23.43) and heterozygotes (M = -2.56, SD = 25.54).  Since smaller (less 

negative) benefits are desirable (and more adult-like) this pattern can be viewed as 

heterozygote advantage. See the Discussion chapter for more details. In the case of cost 

bright, heterozygotes have the largest costs (M = -14.81, SD = 25.14), followed by those 

with the TT genotype (M = -7.01, SD =22.73). Those with the CC genotype having the 

smallest costs (M = -1.23, SD = 22.19). Small costs are the less adult-like behavior. 

rs6077690. No significant results. 

Genetic composite scores. The genetic composite score on SLC5A7 was 

significantly linearly associated with cost dim (R2 = .03, F[1, 139] = 3.85, p = .05) and 

the composite score for the neurotransmitter associated with this gene (acetylcholine) was 

also significantly associated with cost dim (p = .001) and benefit dim (p = .02; for the 

model R2 = .10, F[2, 138] = 7.42, p = .001). APOE and CHRNA4 also contribute to the 

Acetylcholine composite score. Figure 16 shows the linear association between the 

number of risk alleles on genes associated with acetylcholine and the attentional cost of a 

dim invalid cue. Those with a greater number of risk alleles show less attentional cost to 

an invalid cue. This result is opposite from what might have been expected, and it points 

again to the possibility that the SC task did not produce results in the expected directions. 

No other composite gene scores or composite neurotransmitter scores were significantly 

associated with any other outcomes.  
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Figure 16. The composite score is created by simply adding the number of risk alleles on 

any SNP that influences the availability of acetylcholine and has a known risk allele. In 

this case, individuals with less available acetylcholine have smaller costs (tending 

towards benefits with scores above 7). 

 

The second part of research question two involves testing the outcomes from the 

EM task for genetic associations. As with the MANOVAs for the SC task, the 

MANCOVAs for the child EM task likewise used child age, error percent, and gender as 

covariates. Also as with the SC task, I conducted a separate MANCOVA for each of the 

eleven genes, using the markers on a given gene as predictors of the EM task. Likewise, I 

used Roy’s largest root to determine statistical significance. Six of the 11 genes had at 
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least one SNP that was statistically significant with an outcome measure. Nine of 39 

SNPs showed significant association with some aspect of the EM task. See Table 18. 

 

Table 18. Markers with significant associations with the child EM task (MANCOVA). 

Genetic Marker df F Partial 2 p 

APOE   rs7412  5, 125  3.41 .12 0.01 

DRD4   rs1800955  5, 122 2.62 .10 0.03 

DRD4   rs7124601  5, 122 3.75 .13 0.003 

IGF2   rs10770125  5, 123 2.68 .10 0.01 

MAOA   rs6323  5, 120 3.35 .12 0.01 

MAOA   rs909525  5, 121 2.67 .10 0.02 

SLC5A7   rs1013940 5, 119 3.85 .14 0.01 

SNAP25   rs362570  5, 121 2.35 .09 0.01 

SNAP25   rs6077690 5, 121 2.25  .09 0.054 

APOE. 

rs439401: No significant results. 

rs7412. MANCOVA analysis showed that some aspect of the child EM task was 

associated with this SNP (F[5, 125] = 3.41; p = .01, p
2 = .12). The outcome with the 

highest association in the univariate analysis that accompanies MANCOVA is child RT 

to left targets but this is not significant (p = .11). Discriminant function analysis indicates 

that the largest contributors to the association with rs7412 are all three child RT measures 

(RT to right targets b = 5.10, RT to left targets b = 4.56, and RT to any targets b = -8.01). 
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At a minimum, TT genotypes can be distinguished from CC genotypes with the first 

discriminant function ( 2[10, N = 80] = 21.11, p = .02).  

BDNF. 

rs1491850. No significant results. 

rs2203877. No significant results. 

rs6265. No significant results. 

CHRNA4. 

rs1044396. No significant results. 

rs2273502. No significant results. 

rs6090387. No significant results. 

COMT. 

rs165599. No significant results. 

rs737865. No significant results. 

DRD4. 

rs11246227. No significant results. 

rs1800955. MANCOVA results show that this SNP is significantly associated 

with one or more outcomes on the child EM task (F[5, 122] = 2.62; p = .03, p
2 = .10). In 

accompanying univariate analyses, this SNP is associated with child PC to right targets 

(F[2, 125] = 4.89; p = .01, p
2 = .07) and with PC to all (both right and left) targets. 

Examination of the means for the PC (all) finding indicates that there is a linear 

association with dosage of risk alleles. Those with no copies of the risk allele have higher 

PC (greater accuracy) on the child EM task (TT; M = .86, SD = 12) than those with CT 
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(M = .84, SD = .13) or CC (M = .80, SD = .14). The differences are statistically 

significant, but the effect sizes are small to moderate. 

 

 
Figure 17. Individuals with zero risk alleles on this SNP have higher percent correct 

scores on the child EM task. The CC genotype has been identified in a meta-analysis as 

associated with novelty seeking and potentially ADHD (Munafò et al., 2008).  

 

rs7124601. The MANCOVA shows that some aspect of the child EM task is 

strongly associated with this SNP, (F[5, 122] = 3.75; p = .003, p
2 = .13). Accompanying 

ANOVAs indicate that this SNP is associated with all three child PC outcomes: PC to left 

targets (F[2, 125] = 3.54; p = .03, p
2 = .05), PC to right targets (F[2, 125] = 2.86; p = 
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.06, p
2 = .04) and PC to all (both right and left) targets (F[2, 125] = 3.28; p = .04, p

2 = 

.05). See Figure 17 for an illustration of PC (all) and also Table 10 for the inter-

correlations between EM task outcomes. Interestingly, PC scores were associated with 

the previous SNP on DRD4. The risk allele on this SNP is unknown and was randomly 

assigned to be T. Examining means for the PC (all) finding indicates that there is a linear 

association with dosage of risk alleles. Those with the TT genotype have higher PC on 

the child EM task (M = .88, SD = 10) than those with GT (M = .84, SD = .12) or GG (M = 

.81, SD = .15). 

rs747302. No significant results. 

HTR4. 

rs12374521. No significant results. 

rs1363545. No significant results. 

rs1862345. No significant results. 

IGF2.

rs10770125. The MANCOVA indicates a significant association between this 

SNP and some aspect of the child EM task, (F[5, 123] = 2.68; p = .01, p
2 = .10). 

Accompanying univariate analyses indicate that this SNP is associated with two 

outcomes: RT to left targets (F[2, 126] = 3.35; p = .04, p
2 = .05)  and RT to all (both left 

and right) targets (F[2, 126] = 3.87; p = .02, p
2 = .06). Examining means for RT (all) 

indicate that those with two risk alleles (AA) are slower (M = 369.02, SD = 46.18) than 

those with one risk allele (AG; M = 359.02, SD = 33.87). Interestingly, those with no risk 

alleles fall between these two genotype groups. 

rs734351. No significant results. 
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rs7924316. No significant results. 

MAOA. 

rs1137070. No significant results. 

rs12843268. No significant results. 

rs2072743. No significant results. 

rs3027400. No significant results. 

 rs6323. This SNP was significant in the MANCOVA, (F[5, 120] = 3.35; p = .01, 

p
2 = .12), but not in the accompanying ANOVAs. The nearest to significance for is child 

PC right (p = .12). However, discriminant function analysis was helpful ( 2 [12, N = 80] 

= 17.52, p = .06). The three child RT measures (left at b = 1.21, right at b = 2.91, and all 

at b = -3.67) contribute the most to association with rs6323. For girls, the first variate 

maximally distinguishes between those with TT (no risk) and GT (one risk allele). For 

boys, there are only two groups to distinguish. 

rs909525. This SNP was significant in the MANCOVA (F[5, 121] = 2.67; p = 

.02, p
2 = .10). The single nearest EM task outcome associated in the ANOVA the 

MANCOVA is for PC left (p = .21). For this SNP, the assumption homogeneity is not 

met (Box’s M < .001) and the results of discriminant function analysis are not reported 

here. Please see the Discussion chapter. 

SLC5A7.  

rs1013940. Although this SNP is associated with the EM outcomes in the 

MANCOVA (F[5, 119] = 3.85; p = .01, p
2 = .14), it is not associated with any EM 

outcome in the accompanying ANOVAs (all Ps > .31). Discriminant function analysis 

was helpful ( 2[10, N = 80] = 19.23, p = .04) in determining that the three child RT scores 
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combined to associate with this SNP: RT left b = 5.57; RT right b = 8.13, and RT all b = -

11.90. Those with zero risk alleles (CC) are maximally distinguished from those with two 

risk alleles (TT). 

rs2114635. No significant results. 

rs333229. No significant results. 

rs3806536. No significant results. 

rs4676169. No significant results. 

SLC6A3. 

rs2042449. No significant results. 

rs2617605. No significant results. 

rs27047. No significant results. 

rs2937639. No significant results. 

rs463379. No significant results. 

rs6350. No significant results. 

SNAP25.

rs362570. This SNP was significant in the MANCOVA (F[5, 121] = 2.35; p = 

.01, p
2 = .09), but the closest association  is with PC left (p = .10). There were no 

significant associations with the EM task outcomes in discriminant function analysis 

(Wilks’ s = .83, p = .30). Please see the Discussion chapter for possible explanations. 

rs3746544. No significant results. 

rs6032846. No significant results. 

rs6077690 This SNP was marginally significant in the MANCOVA F[5, 121] = 

2.25; p = ..054, p
2 = .09), but the closest association is with PC left ( p = .23). There 
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were no significant associations with the EM task outcomes in discriminant function 

analysis (Wilks’ s = .79, p = .13). See the Discussion chapter for possible explanations.  

Genetic composite scores. No significant results. 

Third research question. Do any of the genes studied influence the trajectory of 

attentional development?  

In other words, if we take two attentional measures, one from infancy and one 

from childhood, z-score both measures, then take the difference between these two 

measures, we can get some idea of how much a given child changed his/her relative 

position in the two distributions from infancy to childhood. This is what is meant by 

attentional trajectory in this context.  

There were several genetic markers that influenced the trajectory of attentional 

development. Conceptually, this analysis tests the idea that, if I take a child’s relative 

position in the infant attention task distribution and compare it to (subtract it from) their 

position in the child EM task distribution, I can determine if a child’s movement up or 

down in the distribution is influenced by their genotype on any SNP. None of the SNPs 

influenced the trajectory of development for z-transformed RT or composite PC/ RT 

difference scores; however, nine of The SNPs were associated with trajectory of 

attentional development when I used the difference between z-transformed infant residual 

PC scores and child PC (accuracy) scores on the EM task (see Table 19 and Figures 18 -

21).  
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Table 19. Markers with significant association with trajectory on z-transformed PC. 

Genetic Marker   R2 df F p 

CHRNA4  rs1044396     0.05 1, 129 6.27 0.01 

DRD4  rs1800955   0.04 1, 130 5.46 0.02 

IGF2  rs734351   0.04 1, 130 5.60 0.02 

MAOA  rs1137070   boys 0.04 1, 62 2.73 0.10 

  girls 0.10 1, 65 7.15 0.01 

MAOA  rs12843268   boys 0.08 1, 130 10.94 0.00 

  girls 0.10 1, 65 7.15 0.01 

MAOA  rs2072743   boys 0.04 1, 62 2.80 0.10 

  girls 0.09 1, 65 6.51 0.01 

MAOA  rs3027400   boys 0.04 1, 62 2.73 0.10 

  girls 0.10 1, 65 7.15 0.01 

MAOA  rs6323   boys 0.06 1, 62 3.79 0.06 

  girls 0.10 1, 65 7.15 0.01 

MAOA  rs909525   boys 0.04 1, 62 1.04 0.31 

  girls 0.11 1, 65 8.21 0.01 

Note. The first R2 refers to the model including only the covariates (child age, error 

percent, and gender). The second R2 refers to the model after the addition of the SNP. 

The F-statistic and associated p-values are based on the change in R2. 

APOE. 

rs439401: No significant results. 

rs7412. No significant results. 
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BDNF. 

rs1491850. No significant results. 

rs2203877. No significant results. 

rs6265. No significant results. 

CHRNA4. 

rs1044396. This SNP was associated with the trajectory of developmental change 

in reflexive attention ( R2= 5%, F [1, 129] = 6.27, p = .01). As can be seen in Figure 18, 

those individuals with two copies of the risk allele (TT) improve their position in the 

distribution from infancy to childhood. In infancy they are below the other genotype 

groups in terms of PC11 (for TT: M = -.24, SD = 1.20; for CT: M = .11, SD = .87; for CC 

M = .17, SD = 1.05) and in childhood their group mean is above that for other two 

genotype groups for TT: M = .22, SD = .85; for CT: M = -.01, SD = 1.05; for CC M = .00, 

SD = 1.01). These findings will be discussed further in Chapter 6. 

                                                 
11 This difference between genotype groups on residual PC was significant; see the 

results for “First Research Question” in this chapter. 
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Figure 18. Contrary to expectation, children in this study with the TT genotype 

(identified by Reinvang, 2009 as associated with attention task performance) actually 

improve their position in the distribution from infancy. 

 

rs2273502. No significant results. 

rs6090387. No significant results. 

COMT. 

rs165599. No significant results. 

rs737865. No significant results. 

DRD4. 

rs11246227. No significant results.  
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rs1800955. The hierarchal ANOVA shows that this SNP is associated with the 

trajectory of developmental change in reflexive attention ( R2= 4%, F [1, 130] = 5.46, p 

= .02). Those individuals with two copies of the risk allele (CC) significantly dropped 

their position in the distribution from infancy to childhood. In infancy their mean residual 

PC score is above the other genotype groups (for CC: M = .36, SD = 1.03; for CT: M =    

-.19, SD = .93; for TT M = .16, SD = .97) and in childhood their group mean is below that 

of other two genotype groups (for CC: M = -.26, SD = 1.10; for CT: M = .02, SD = 1.02; 

for CC M = .21, SD = .95; see Figure 19). This is a large decrease, over .5 standard 

deviations, in relative position from infancy to childhood. It will be important in future 

studies to determine why those with the CC genotype on this dopamine receptor gene 

show such a large change in the accuracy of orienting to a target stimulus embedded in a 

field of static distractors. If that could be determined with confidence, it could open the 

possibility of testing some type of intervention. At the least, this result warrants further 

investigation. Please see the Discussion chapter. 
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Figure 19. The CC genotype has been identified in a meta-analysis (Munafò et al., 2008) 

as associated with novelty seeking and potentially ADHD. The finding illustration here 

provides evidence that it is also associated with reflexive attention. In addition, however, 

it also shows that it is associated with the change in relative standing on the reflexive 

attention measure. 

 

rs7124601. No significant results. 

rs747302. No significant results. 

HTR4. 

rs12374521 No significant results. 

rs1363545. No significant results. 
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rs1862345. No significant results. 

IGF2.

rs10770125. No significant results. 

rs734351. According to the hierarchal ANOVA, this SNP is associated with the 

trajectory of developmental change in reflexive attention ( R2= 4%, F [1, 130] = 5.60, p 

= .02). This situation is similar to that of CHRNA4 rs1044396: those individuals with 

two copies of the risk allele significantly improve their position in the distribution from 

infancy to childhood. In infancy their mean residual PC score is below that of the other 

genotype groups (for TT: M = -.16, SD = .90; for CT: M = .15, SD = 1.03; for CC M = 

.21, SD = 1.01) and in childhood their group mean is above the other two genotype 

groups for TT: M =.18, SD = 1.02; for CT: M = -.03, SD = .97; for CC M = -.14, SD = 

1.18). See Figure 20 and the Discussion chapter. 
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Figure 20. For this particular SNP on the IGF2 gene it was previously unknown which 

allele was the risk allele. The gene, however, is known to be associated with growth and 

dopamine DA neuron development. Children with the TT genotype improve their 

position in the distribution compared to infancy while those with the CC or TC decline in 

position. Once again, these changes are on the order of 0.4 standard deviations. 

 

rs7924316. No significant results. 

MAOA. 

rs1137070. MAOA is on the X chromosome and so it is not possible for boys to 

have more than one allele. It is either the risk or non-risk allele. Separate analyses are 

performed for boys and girls on all MAOA SNPs. The hierarchical ANOVA indicates 
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that there is a significant difference between at least two genotype groups on this SNP for 

girls, but not for boys. Post hoc analyses indicate that the non-risk genotype (TT) is 

significantly different from the risk genotype (CC; Tukey’s HSD p = .03) but not from 

the heterozygous group (p = .29). The risk genotype is also not significantly different 

from the heterozygous group (p = .33). An examination of the means indicates that those 

with the TT genotype are significantly improving their position (residual score M = .49, 

SD = 1.22); those in the heterozygous group are remaining about the same (M = -.17, SD 

= 1.96), and those in the risk genotype group (CC) are dropping their position in the 

distribution (M = -.98, SD = 1.73) but not significantly more than those in the 

heterozygous group. 

rs12843268. This SNP shows significance in the hierarchical ANOVA for both 

boys and girls, although they were analyzed separately. For girls, post hoc analyses 

indicate that the non-risk genotype (AA) is significantly different from the risk genotype 

(GG; Tukey’s HSD p = .03) but not from the heterozygous group (p = .33). The risk 

genotype is also not significantly different from the heterozygous group (p = .28). An 

examination of the means indicates that those with the non-risk AA genotype are 

significantly dropping their position (residual score M = -.98, SD = 1.78); those in the 

heterozygous group are remaining about the same (M = -.17, SD = 1.96), and those in the 

risk genotype group (CC) are slightly improving their position in the distribution (M = 

.49, SD = 1.22). This is the reverse situation from the previous SNP for girls. 

For boys, this SNP (rs12843268) likewise shows that those with one copy of the 

non-risk allele are dropping their position in the distribution from infancy to childhood 
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(M = -.47, SD = -.02) and those with the risk allele are retaining their position (M = -.02, 

SD = 1.37). 

rs2072743. Because MAOA is on the X chromosome, when graphs are created 

they are presented separately for boys and girls. The combined graphs of change in 

standardized PC by genotype group and gender is shown in Figure 21 and Table 20. Boys 

who have one copy of the risk allele (A) do not significantly drop their position in the 

distribution but there is a trend in that direction (p = .10). Girls show a bigger difference 

by genotype. Those with two copies of the risk allele move down in the distribution 

relative to girls with fewer copies of A. These changes are even larger than those shown 

on previous genes; the declines range from approximately 0.5 to 0.8 standard deviations. 

This will be examined further in the Discussion chapter.  
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Figure 21. As shown in this graph, both boys and girls with the maximum number of risk 

alleles decrease their position in the distribution of scores compared to infancy. Stated in 

another way, boys and girls who received at least one copy of the non-risk allele retained 

their position in the distribution.  

 
Table 20. Means and Standard deviations on rs2072743 (MAOA). 

Genetic Marker 
 Genotype Infant 

Mean 
Infant 

Std. Dev. 
Child 
Mean 

Child 
Std. Dev. 

MAOA   rs2072743 boys G .03 .87 -.12 .97

  A .06 .74 -.41 1.06

 girls GG -.10 .96 .81 .14

  AG .15 1.27 1.07 .20

  AA .24 1.19 -.54 1.12
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rs3027400. The hierarchical ANOVA for this SNP was significant for girls but 

not boys. Girls with no risk alleles (TT genotype) have a mean (M = -.98) and standard 

deviation (1.73) that is significantly ( p = .03) lower than those in the non-risk genotype 

group ( GG). This represents the TT group dropping their position in the distribution 

between infancy and childhood (M = -.98, SD = 1.73).  

rs6323. Just as above, the hierarchal ANOVA for this SNP was significant for 

girls and marginally significant for boys. For girls, the two homozygotes groups are 

significantly different from each other (p = .03). The means indicate the reverse of the 

pattern above. Those with two risk alleles are dropping their position in the distribution 

(M = -.98, SD =1.73). For boys, those with one copy of the risk allele are dropping their 

mean position (residual M = -.52, SD = 1.53) while those with no risk allele are retaining 

their position (M = .02, SD = 1.36). 

rs909525. The hierarchal ANOVA for this SNP was significant for girls but not 

clearly not for boys (p = .31). Within in the group of girls, the two homozygous groups 

are significantly different from each other (p = .01) while neither is significantly different 

from the heterozygous group (p > .22). The means indicate that those with two risk 

alleles are significantly dropping their position in the distribution (M = -.1.02 SD =1.69). 

Those with two non-risk alleles have a trend towards improving their position in the 

distribution (M = .57, SD = 1.28) while those in the heterozygous group essentially do not 

change their position (M = -.12, SD = 1.86).  

SLC5A7.  

rs1013940. No significant results. 

rs2114635. No significant results. 
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rs333229. No significant results. 

rs3806536. No significant results. 

rs4676169. No significant results. 

SLC6A3. 

rs2042449. No significant results. 

rs2617605. No significant results. 

rs27047. No significant results. 

rs2937639. No significant results. 

rs463379. No significant results. 

rs6350. No significant results. 

SNAP25.

rs362570. No significant results. 

rs3746544. No significant results. 

rs6032846. No significant results. 

rs6077690. No significant results. 

Fourth research question. Is performance on the infant reflexive attention task 

related to performance on either or both of the child reflexive attention tasks?  

This is straightforward correlation analysis between infant residual scores (three, 

including the composite of PC and RT) and two behavioral tasks (with six measures 

each). The variables to be correlated were separately collected by up to 15 years. There 

were no correlations with the SC task. The infant residual scores (residual PC, residual 

RT, composite) also did not correlate with child EM outcomes (PC left, right or all [both 

right and left]; RT left, right, or all). 
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As part of my plan for the fourth research question, I ran a mediation analysis 

using PROCESS, an SPSS script from Hayes (2013) that tests for statistical mediation. 

These analyses examined various types of mediation (by genes, the proxy for SES, etc.) 

between infant and child outcomes. No significant mediation was found. This is likely 

because there were not any associations to mediate. 

Fifth research question. Is variation on the measures of reflexive attention 

collected in infancy related to current outcome measures such as academic performance 

or health outcomes?   

I have already presented findings on the association of infant scores with child 

attention tasks. However, my fifth research question asks whether other variables, such as 

parent report of behavioral problems, academic scores, the presence of a chronic illness, 

weight or height adjusted for gender and age, or behavioral symptom scores from the 

parent questionnaire would be associated with one or more of the three infant scores 

(residual PC, residual RT, or the composite). These are described below.  

There was no association between any infant attention score and any academic 

score either with or without controlling for child age and gender; however there were 

several other interesting associations. Residual PC was associated with Relational 

Aggression (r = .16, p = .01). Relational aggression is calculated from the parent 

symptom checklist. The correlation between infant residual PC and Relational 

Aggression actually increases (rp = .21, p = .01) when child age, error percent, and 

gender are controlled for; but Relational Aggression is not associated with residual RT 

scores; p = .87). See the Discussion chapter for possible reasons and implications.  
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Sub-sample comparisons. I did complete univariate analyses by sub-sample as a 

follow-up to select significant results from the MANCOVA. Unfortunately, in no case 

were these results significant except in the obvious cases of infant residual RT, PC and 

composite scores. In these latter cases, the sub-sample groups were defined by the 

residual PC scores and so, naturally, there are significant differences between groups. For 

sub-sample follow-up analyses for SC and EM tasks, I used hierarchical ANOVAs. The 

first step entered all covariates (age, gender, and error percent), the second step entered 

thee SNP (which had been shown significant in the MANCOVA), and the third step 

entered sub-sample group and a SNP by sub-sample group interaction term. In no cases 

were the changes in R2 significant (Fs < 1.35, Ps > .25). 
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Chapter 6: Discussion 

Summary of Findings 

There were several interesting findings from this study that contribute to our 

overall understanding of how reflexive attention develops, its association with specific 

genes, and its association with academic, social, and health-related outcomes in 

childhood. First, I will cover several findings that are of general interest and that cover 

relationships between non-genetic outcomes. I will then discuss the results related to the 

hypotheses presented earlier. 

Before considering correlations between various measures and their meanings, it 

is important to address the question of whether the Spatial Cueing (SC) task produced 

results that would have been expected based on our knowledge of spatial cueing effects in 

adults. Consulting Table D-1 shows that the means for both alerting scores were positive 

and on the order of 40 msec. In other words, as would be expected from mature alerting, 

precues tend to decrease response latency relative to trials that have no precues. The 

precues alerted the children temporally that the target was imminent, and they benefitted 

appropriately from that cueing. Similarly, the attentional costs associated with invalid 

precues (single cues contralateral to the target location) were negative as expected, 

although they tended to be quite small. Children on average were slower to respond to the 

target when it was preceded by an invalid cue than when it preceded by simultaneous 

dual cues that appeared on either side of fixation near the potential target locations. 

In contrast, to these expected results, the results with valid precues were in the 

direction opposite to that expected from spatial cueing studies with adults. The attentional 

benefit from a valid precue should have been positive; that is, providing a cue that 
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appeared prior to the target on the same side of the display as the target should have 

resulted in faster responding relative to simultaneous precues that appeared on either side 

of fixation and only provided spatial information about potential target locations. Instead, 

the mean attentional benefit scores for both bright and dim cues were actually negative; 

children were slowed in their responding to a valid cue relative to baseline. This is an 

unexpected result that merits further consideration. 

There are several possible reasons for this anomalous result. First, I am going to 

show some descriptive data on the child spatial cueing measures. As can be seen in 

Figure 22, Alerting measures tend to be positive and Costs tend to be negative. These are 

both in the expected direction (i.e., they represent patterns found in adults). Negative 

benefits, however, are odd because they represent how much faster a person is to 

responding to a target when it was preceded by a cue that drew their attention to the 

ipsilateral side. That is, it is generally expected that a valid cue will help a participant to 

respond faster to the target while a neutral cue should not. 
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Figure 22. Summary of outcome measures from the Spatial Cueing (SC) task. AB = Alert 

Bright; AD = Alert Dim; BB = Benefit Bright; BD = Benefit Dim, CB = Cost Bright; CD 

= Cost Dim. All scores are in the expect directions except for Benefit Bright and Benefit 

Dim, which were expected to be positive. 

 
One possible explanation for negative benefits is that the ability to benefit from a 

valid cue develops and children do not have the same ability as adults. If this were true, 

we might expect some correlation between child age and the benefit measures. This is not 

the case. Child age does not correlate with any SC task outcome except cost bright (r = 

.18, p = .03). The correlation with cost bright means that as children get older, the 

attentional cost of an invalid cue decreases: they are less distracted by the invalid cue. 
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Because age is not correlated significantly with benefits over the range tested in this 

study, it is not helpful in explaining why the benefits are positive. 

Unfortunately, the attentional development literature does not often use this SC 

paradigm with separate costs and benefits and is of limited help in explaining negative 

benefits. Enns and Brodeur (1989) reported that children tend to have bigger costs and 

smaller benefits than adults have. In the current study, child costs are not larger; they are 

smaller than adult costs by about 20 ms (contrasted to Lundwall et al., 2012). Even 

though the child and adult tasks in our two studies are not identical it seems likely that 

the use of predominantly valid cues in Enns and Brodeur’s study would create some 

difficulty in comparing their task with ours. They used 80% valid cues while our cues are 

50% valid and do not bias attention. When cues are predictable they may also be more 

difficult for children to ignore and thus lead to higher costs and smaller benefits  

Another possible explanation for the negative benefits is inhibition of return 

(IOR). This phenomenon refers to the tendency to avoid returning attention to a location 

in visual space that has been recently attended (for a review, see Klein, 2000). IOR in 

adults typically occurs with cue target asynchronies greater than 225 ms (measured from 

cue onset to target onset; Klein, 2000). The SOA for this study was 150 ms: too short to 

observe IOR in adults. It is possible, however, that children experience IOR at different a 

SOA from adults. This possibility needs further investigation using the task used in this 

study. Using a variety of SOAs with a range of ages in children will likely clarify what is 

causing negative benefits. 

A final possibility that I will consider is masking. This phenomenon refers to the 

situation of two stimuli presented at an overlapping times and locations. Masking occurs 
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when a target stimulus is less visible (or we are less aware of it) because of the proximity 

of another stimulus. Masking seems somewhat unlikely in the current study because there 

is no temporal overlap and insignificant spatial overlap. The target is presented closer to 

fixation than the inside edge of the precue. If, however, the effects of masking can spread 

beyond the boundaries of the pre-cue, then it is possible that the precue is acting as a 

mask. This would make the target more difficult for the children to perceive only when 

the pre-cue and the target appeared on the same side of the display. If this occurred in the 

child SC task then benefits would be expected to be negative. This explanation can be 

tested in future studies using pre-cues and targets with varying spatial separation. Doing 

so may be productive in order to better understand the properties of the task. 

Correlations with Error Percentage from the SC Task. Error percent on the SC 

task for children was correlated with several of the traditional Spatial Cueing (SC) 

outcome measures (alert bright, alert dim, and cost dim) as well as with academic 

outcomes. Recall that an error on this task usually means that the child responded with a 

button push to the side of the display opposite to the target. Error percent refers to the 

overall percentage of errors that the child made on the Spatial Cueing task rather than to 

errors specific to a condition. High alerting scores indicate that children are faster to 

respond when there are two pre-cues before a target (compared to when there is no pre-

cue). Higher alerting scores are associated with lower error percent on the SC task 

(because the correlation is negative). That is, children who are able to benefit from two 

temporal precues tended to make fewer errors on any condition of the SC task. Similarly, 

children with smaller attentional costs to an invalid dim cue tended to make more errors 

in the case of cost dim. Having smaller attentional costs means that the subject is less 
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distracted by the invalid cue, or at least that they are able to disengage attention more 

quickly from the invalid location to respond to the target. Apparently, children who are 

able to ignore the invalid cue or to disengage from it more quickly are the ones who are 

less accurate overall on the SC task. Since responses on incorrect trials did not contribute 

to the calculation of the derived measures such as cost dim in this case, this finding 

suggests the possibility that these children tended to focus on speed rather than accuracy 

in performing the SC task. Breaking out the errors by trial type could help in future 

analyses to elucidate the reasons for these correlations between overall errors and several 

derived measures.  

The negative correlation between error percent and academic scores (see Table 

13) suggests that errors in visual orienting predict academic difficulty. While error 

percent is associated with age, the WKCE scores are standardized to grade level so this 

finding may be practically important. Note that other researchers have identified 

reductions in both speed and accuracy on number and symbol scanning tasks in children 

with low-IQ (e.g., Bonifacci & Snowling, 2008). Of the WKCE academic scores, error 

percent was most strongly related to Science (r = -.48, p = .001, n = 45) followed by 

Language Arts (r = -.34, p =.01, n = 51), and then Reading (r = -24, p = .02, n =101). 

These are remarkably high correlations, but the fact that not all grades take Language 

Arts and Science tests (they are taken at grades 4, 8 and 10 whereas Reading is taken at 

grades 3-8, and 10) makes comparisons difficult. In addition, the format of the academic 

testing relies on reading ability (see Appendix D for sample items). Poorer, more error-

prone visual orienting is associated with more difficulty in academic Science 

performance. It could also be that poorer (more error prone) visual orienting is interfering 
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in subtle ways with reading ability and this is the underlying difference between 

individual children that will be most amenable to intervention.  

In a similar way, the negative correlation between cost bright and Inhibition (r =  

-23, p = .01; from the parent report) might indicate an underlying physiological basis for 

both. That is, the cost associated with a bright cue on the side opposite the target became 

more negative as behavioral inhibition increased. This makes sense if we think of 

inhibition as holding back (both from social interaction as rated by parents and from 

making a response on a computer task). Some children hold back and take longer to 

respond after the target appears when the pre-cue appeared contralaterally. This leads to 

larger attentional costs. These same children tended to have more Inhibition as reported 

by their parents, indicating that they also hold back in social situations. This result shows 

that the laboratory attentional task produces a result that predicts a parentally reported 

child characteristic. 

Discussion of Results of the Five Research Questions. I will next consider the 

five research questions that I set out to answer in this dissertation.  

Research Question One. Are specific candidate genes associated with reflexive 

attention in infants?   

The answer appears to be that specific genes are related to visual orienting during 

infancy, with all three infant attention scores. The genetic markers that were associated 

with performance on the infant task are related to brain development and to the 

neurotransmitters serotonin (BDNF; see Binder & Scharfman, 2004), acetylcholine 

(CHRNA4), and dopamine (DRD4 and SLC6A3, which are also related to brain 

development; see Nair & Mishra, 1995).  
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In the case of BDNF (rs6265, associated with residual RT and infant composite 

scores) the direction of the association is not as expected (heavier boys are faster if they 

have the risk genotype). However, the risk allele was identified by its association with 

depression (Krishnan et al., 2007). The same allele need not be a risk for poor reflexive 

attention. Findings concerning weight and gender are of interest because Dannemiller 

(2004) found that even in normal weight infants boys improved in infant reflexive 

attention with increasing birthweight while girls did not improve with increase in 

birthweight. 

In the case of CHRNA4 (rs1044396) the effects are in the direction expected 

(those with no risk alleles are faster and have better infant composite scores, as described 

under the heading for this SNP under results for the first research questions). This 

suggests that CHRNA4 influences reflexive attention by controlling the optimal 

availability of acetylcholine, the neurotransmitter associated with CHRNA4. This finding 

is in line with what Reinvang and colleagues (2009) found in adults.  

In the case of DRD4 1800955 (associated with residual PC, and the infant 

composite score) heterozygotes (CT) have lower residual PC scores. The gene product 

for DRD4 encodes dopaminergic receptors that allow for the use of dopamine as a 

neurotransmitter. The finding that few receptors might be better is a little unusual. 

Consider however, the possibility of heterozygote disadvantage. This phenomenon 

concerns situations where each allele is associated with a beneficial phenotype but 

together they lead to less desirable phenotypes. When either heterozygote advantage or 

disadvantage exists, it makes no sense to talk about risk alleles. It does seem speculative 

to talk about heterozygous disadvantage, but there may be a biological advantage to 
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having a moderate number of dopamine receptors (see the discussion below regarding 

optimal levels of dopamine). Nevertheless, it seems more conservative to treat this 

finding with caution until I further studies are conducted because it would not be 

considered if I were looking only at linear effects as we did in our first study (Lundwall t 

al., 2012). 

In the case of SLC6A3 (rs2937639) there is an association with all three infant 

outcomes, however, this also seems to be a case which should be treated with caution 

since it, too, appears to suggest heterozygote disadvantage (in this case, heterozygotes 

perform slower than predicted). For another SNP on this gene (rs463379), the association 

is in the expected direction: those with zero copies of the risk allele (the GG genotype 

group) have much higher PC scores than predicted. SLC6A3 influences dopamine levels 

in the brain. Optimal levels of dopamine are important to many tasks and daily 

functioning. Lower levels of dopamine are generally associated with lower task 

performance and this is consistent with the current finding of lower residual PC scores 

associated with the C allele).  

It is interesting that two of the genes just mentioned (BDNF and DRD4) are 

associated with brain development. It appears that individual differences in genotype are 

influencing infant reflexive attention (even if not in the expected direction based on 

previous studies). BDNF is involved with nerve growth and survival of striatal neurons in 

the brain (Binder & Scharfman, 2004) and is thought to be associated with serotonin 

(Juckel et al., 2010). Dopamine is also related to brain development (DRD4 encodes 

dopamine receptors and is highly expressed during the first year of life; Nair & Mishra, 

1995). Therefore, it is perhaps not surprising that the DRD4 gene was related to infant 



147 
 

 

reflexive attention. The CC genotype has been identified in a meta-analysis as associated 

with novelty seeking and potentially ADHD (Munafò et al., 2008). In this study, 

however, children with two risk alleles (CC) tended to have higher infant residual PC 

scores; that is, they performed better than would have been expected based on their 

particular profile of control variables. One possible explanation is that, since this gene is 

highly expressed in the first year of life there could be an inverted U effect (see Fera et 

al., 2007). This means that less dopamine (associated with CC in the “at risk” infants) is 

actually helpful in infants performing the orienting task. As they develop, the relative 

dopamine levels could begin to reflect “too little” dopamine and lead to the findings now 

associated with ADHD and similar attentional deficits (e.g., Munafò et al., 2008 who 

found that CC is a risk factor for symptoms of ADHD like novelty seeking). 

Alternatively, it is possible that the risk alleles for poor reflexive attention and poor 

sustained attention are reversed. 

Finally, in any situation where an outcome measure was associated with two or 

more SNPs on a single gene, I examined the chromosome position to determine if the 

SNPs could be in linkage disequilibrium (LD). This is when a set of base pairs is 

inherited together. Although I selected the SNP to be spaced in an attempt to avoid LD,12 

they are still close enough that LD is possible. Therefore, I examined chromosome 

position to determine if I might have identified a specific region of the gene that is 

associated with an outcome measure. To better visualize this, please see Table 20. In this 

Table, SNPs are ordered by chromosome position on each chromosome. If two SNPs are 

                                                 
12 I did this to capture more variety on the gene. It is somewhat redundant to select SNPs 

very near each other. 
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in LD and have sufficient variation (the minor allele frequency or MAF is about .10 or 

higher), then if one produces a statistical association the other should also. If not, then 

there is no evidence that the two SNPs are in LD. In this way it is possible to narrow 

down the location of the causal SNP. From the Table, there are no SNPs associated with 

infant measures in apparent LD. I will discuss potential LD for child tasks in that section.



149 
 

 

Table 21. SNPs ordered by chromosome and position within a chromosome. 

Gene Symbol Chr. SNP Position Infant Child SC Child EM Child Trajectory 

SLC5A7 2 rs3806536 107969187 yes       

SLC5A7 2 rs1013940 107975080  yes yes  
SLC5A7 2 rs4676169 107976577     
SLC5A7 2 rs333229 107997816     
SLC5A7 2 rs2114635 108001880         

SLC6A3 5 rs27047 1412251     

SLC6A3 5 rs2042449 1469646     
SLC6A3 5 rs463379 1484164 yes    
SLC6A3 5 rs2617605 1495521     
SLC6A3 5 rs6350 1496199     
SLC6A3 5 rs2937639 1496728 yes    
HTR4 5 rs12374521 147836880     
HTR4 5 rs1363545 147932822  yes   
HTR4 5 rs1862345 148038305  yes   
DRD4 11 rs1800955 636784 yes   yes yes 
DRD4 11 rs7124601 639273   yes  
DRD4 11 rs11246227 641548     
IGF2 11 rs734351 2112789  yes  yes 
IGF2 11 rs10770125 2125590  yes yes  
IGF2 11 rs7924316 2130023  yes   
BDNF 11 rs2203877 27627486  yes   
BDNF 11 rs6265 27679916 yes    
BDNF 11 rs1491850 27706301         
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Table 20. Continued. 

Gene Symbol Chr. SNP Position Infant Child SC Child EM Child Trajectory 
APOE 19 rs7412 45412079   yes  
APOE 19 rs439401 50106291     
SNAP25 20 rs6077690 10145461     yes   
SNAP25 20 rs362570 10194864  yes yes  
SNAP25 20 rs6032846 10240769  yes   
SNAP25 20 rs3746544 10287084     
CHRNA4 20 rs1044396 61981134 yes   yes 
CHRNA4 20 rs2273502 61987822  yes   
CHRNA4 20 rs6090387  61992547   yes     
COMT 22 rs737865 18310121     
COMT 22 rs165599 19956781     
MAOA 23 rs909525 43438146     yes yes 
MAOA 23 rs6323  43475980  yes yes yes 
MAOA 23 rs3027400  43477707    yes 
MAOA 23 rs2072743 43484465    yes 
MAOA 23 rs1137070  43488335    yes 
MAOA 23 rs12843268 43573666       yes 

Note. Yes in this Table indicates that at least one outcome measure from the task indicated is associated with the SNP. SNPs are 

grouped by the chromosome and ordered by chromosome position. The chromosome position is in bp from the 5’ end of the gene. 

Several studies suggest that LD is rare when SNPs are separated by at least 500kb (Goncalo et al., 2001) or 2cM (Kendler et al., 

1999). This converts to 500,000 bp. Hence, there is potential for LD between most SNPs on the same gene in this study. Data from the 

International HapMap Project indicate that the entire MAOA gene is one haplotype block (Gabriel et al., 2002).
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In summary, the hypothesis for research question one was supported. Several 

specific genes were associated with PC performance on the infant reflexive attention task. 

These genes tend to be related to brain development and are highly expressed in infancy 

and so the findings seem generally consistent with the literature. In the case of DRD4, 

there are plausible explanations for the somewhat inconsistent finding (gene expression 

levels changing over the course of development) that may be fruitful ground for future 

research. 

Research Question Two. Are any of the candidate genes associated with reflexive 

attention in children?  

The second research question asked if genes are associated with reflexive 

attention in children. The answer appears to be “yes” but with a caveat. The different 

statistical analyses used to test for these associations did not always agree. The most 

likely explanation is that the MANCOVA contains covariates while the discriminant 

function analysis does not (covariates are either left off or entered along with the task 

outcomes which may combine to classify individuals by genotype). However, initial 

exploration with both entering and leaving off covariates was not productive (i.e., the 

discriminant function analysis remain statistically insignificant) and so other statistical 

techniques may be needed to clarify the significant results from the MANCOVAs. Most 

cases of the failure of discriminant function analysis to find a significant variate involved 

the SC task. Therefore, it seems possible that there is something about the structure of the 

outcome measures for this task (their inter-correlation, for example) that may be leading 

to the failure to classify individuals by genotype. This can also be investigated in future 

analyses.  



152 
 

 

There are two child tasks. First, I will cover the genes that were associated with 

performance on the SC task. Then I will cover the EM task. Finally, I will address 

similarities and differences in which genes were predictive for the various tasks. 

The genes that were predictive for the SC task according to MANCOVAs are: 

BDNF, CHRNA4, HTR4, IGF2, MAOA, SLC5A7, and SNAP25. The MANCOVA does 

not indicate which SNPs are associated with which outcomes or combination of 

outcomes. In follow-up analyses, only certain SNPs on BDNF (rs2203877; cost bright), 

CHRNA4 (rs6090387; alert bright), IGF2 (rs734351; a combination of alert dim and 

benefit dim), MAOA (rs6323; benefit dim, cost bright, and cost dim), and SNAP25 

(rs362570 [cost dim] and rs6032846 [benefit dim and cost bright]) were found to be 

associated with particular outcomes. In addition, a composite score for SLC5A7 and a 

composite score for SNPs associated with acetylcholine were also significantly associated 

with the SC task in children. There were other SNPs where clarification was not obtained 

by using discriminant function analysis (SNPs on CHRNA4 [rs2273502], HTR4 

[rs1363545 and rs1862345] , IGF2 [rs10770125 and rs7924316], SLC5A7 [rs1013940]. .  

For these SNPs, the previous explanation seems to apply in that either the structure of the 

outcome measures or the lack of covariates is leading to insignificant follow-up findings 

in discriminant function analysis.  

As stated previously, BDNF is related to nerve growth and brain development. It 

is important in infancy and plausibly related to attentional development in children. In the 

case of BDNF (rs2203877), it can be tricky to interpret the apparent heterozygote 

advantage (if you consider larger costs more adult-like). A post hoc Tukey test showed 

that the heterozygote group was significantly different from each homozygote group (.02 
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and .01, respectively) and so, statistically, this appears to be heterozygote advantage 

However, true heterozygote advantage occurs when heterozygotes have more biological 

fitness than either group of homozygotes. An example heterozygous advantage might be 

when each allele is associated with an unfavorable phenotype, but the heterozygotes have 

both favorable and unfavorable phenotypes (i.e., a gene produces a protein that can be 

associated with both favorable and unfavorable outcomes much as a medication can be 

associated with benefits and side effects). However, it is difficult to identify true 

heterozygote advantage simply by looking at the results because what appears to be 

heterozygote advantage can sometimes be attributed to other causes (Lipsitch, Bergstrom 

& Anita, 2003). Because I have no plausible reason to expect heterozygote advantage 

with this SNP (which is poorly represented in the literature), further studies carried out in 

a variety of populations (e.g., by age, ethnicity, or diagnoses) seem to be in order. 

In the case of CHRNA4 (rs6090387), the larger alerting effects are occurring in 

those with risk alleles for ADHD. CHRNA4 is related to the availability of acetylcholine 

and is related to cognitive functions such as attention and memory (Sarter et al., 1999). 

Generally, larger alerting effects are adult-like. However, it may be that children with 

attentional problems benefit more from a pre-cue to draw their attention to the display 

than children without attentional problems.  

In the case of IGF2 (rs734351); a combination of alert dim and benefit dim 

contributed to the first variate in discriminant function analysis. IGF2 is an insulin-like 

growth factor related to general growth as well as brain growth and cognition generally 

(Chen et al., 2011). The risk allele on this SNP is unknown. However, the analysis shows 

that CT and TT are particularly well distinguished. If, in future studies, the risk allele 
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turns out to be C then it makes sense that CT and TT would be particularly well 

distinguished if having even one copy of the risk allele reduces performance. 

MAOA encodes an enzyme that degrades amine neurotransmitters—such as 

dopamine, norepinephrine, and serotonin. In the case of MAOA (rs6323), the association 

with several SC outcomes measures (benefit dim, cost bright, and cost dim) suggests a 

common underlying factor. The two cost measures are correlated with each other but not 

with benefit dim (see Table 9 for inter-correlations between SC task outcome measures). 

It is possibly that this SNP on MAOA is associated with features of the measures 

themselves (there are two dim measures and two cost measures) or that this SNP is 

associated with reflexive attention only for trials involving single pre-cues. To help 

determine what the associations are, it may be useful to have a task (or series of tasks) 

that measure the underlying construct of reflexive attention from a greater variety of 

approaches. The moving bar task (EM) is one example, and MAOA is, in fact, also 

related to performance on that task. It may also be useful to test a greater variety of 

luminances to determine if luminance is an important factor.    

SNAP25, which produces a presynaptic plasma membrane protein and is involved 

in the regulation of neurotransmitter release (including dopamine), had two SNPs 

associated with the spatial cueing task. Rs362570 is associated with cost dim, but the risk 

allele is unknown. However, the effect is linear which makes plausible a dose-response 

pattern to the number of copies of the risk allele. The other SNP, rs6032846 was 

associated with different SC task outcomes: benefit dim and cost bright. The risk allele 

for this SNP is also unknown. For this latter SNP, there is a possible heterozygote 
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advantage if you consider large costs adult-like. For more details on heterozygote 

advantage, see the discussion above for BDNF (rs2203877).   

Finally, the composite score for SLC5A7 and the composite score for all SNPs 

associated with acetylcholine were both associated with cost dim and the composite score 

for acetylcholine was also associated with benefit dim. This is consistent with the work of 

previous researchers and with the findings reported in this study about the influence of 

acetylcholine related genes on infant attention (Reinvang et al., 2009; Sarter et al., 1999). 

Now I turn to the results in Table 21, in which are shown the SNPs that are 

physically near each other and which showed significance on the SC task. None of these 

associations occurred with the same measure within the SC task. For example, HTR4 

(rs1363545) was significant in the MANCOVA but not in the follow up ANOVA or 

discriminant function analysis. The measure with the most significant associations was 

benefit dim (p =.23). It is difficult to conclude from this that it shares any significant 

associations as HTR4 (rs1862345) which was also not significant in follow-up analyses 

and was most nearly associated with an entirely different outcome measure: cost bright (p 

= .18). Keep in mind that these SNPs were significant in the MANCOVA, but since I was 

not able to determine the precise nature of the significance a conclusion of LD seem pre-

mature. The same pattern of findings (non-significance in follow-up analyses and the 

identification of different outcome measures) also occurs for some SNPs on IGF2. The 

possible exception is that IGF2 (rs734351) showed significance for a combination of 

alert dim and benefit dim (p = .048) identified during discriminant function analysis and 

IGF (rs10770125) showed a slight trend toward significance for alert dim (p = .12). 
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At this point, I will also cover EM task results in Table 21. There are two SNPs 

on SNAP25 that are near each other and showed significant MANCOVA results with 

some aspect of the EM task. These are rs6077690 (p = .23 for PC left) and rs362570 (p =  

.10 for PC left). The conclusion above applies here. Although they share “near” 

significance on the same outcome measure, it seems pre-mature to conclude that the 

region is in LD. That is, the SNPs could be individually associated with the EM task but 

still not be inherited together. In this study, most of the genes have SNPs that are highly 

correlated with each other. We can conclude, however, that the region covered by the 

MAOA SNPs (an intron near the center of the MAOA gene) appears important for the 

EM task. Similar conclusions can be made for MAOA rs909525 (p = .21 for PC left) and 

rs6323 (p = .06 for a combination of all three RT outcome measures as per discriminant 

function analysis). Further genetic studies might clarify if LD exists in this region.  

Apart from looking for potential LD, there were also several interesting findings 

for the EM task. MANOVA was used as an initial SNP screening procedure. In either 1) 

the ANOVAs that accompany MANCOVA or 2) separate discriminant function analyses, 

certain SNPs showed significance with one or more EM task outcome measures. These 

are APOE (rs7412; all three RT measures; DRD4 (rs1800955; PC right and PC all); 

DRD4 (rs7124601; all 3 PC measures); IGF2 (rs10770125; RT left RT all); MAOA 

(rs6323; all 3 RT measures); and SLC5A7 (rs1013940; all 3 RT measures). For three 

other SNPs (MAOA [rs909525], SNAP25 [rs362570], and SNAP25 [rs6077690] follow-

up analyses were not helpful. In one case (MAOA [rs909525]) the data violated 

assumptions of homogeneity and in the other two cases discriminant function analysis did 

not identify a significant variate. As stated before, it appears that either the structure of 
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the outcome measures or the lack of covariates is leading to insignificant follow-up 

findings in discriminant function analysis. However, the findings are fairly consistent. 

For example, most of the following genes are related to RT outcomes on the EM task 

rather than to PC outcomes.  

For APOE (rs7412; associated with acetylcholine), all three RT measures 

combine in a variate in the discriminant function analysis to associate with this SNP. The 

risk allele (C) helps predict early cognitive decline in adults who might then go on to 

develop Alzheimer’s disease (Greenwood et al., 2000). The variate from discriminant 

function analysis maximally distinguishes those with two copies of the risk allele from 

those with none. Those with zero risk alleles had lower scores on this variate (were 

faster). The results, therefore, are plausible.  

DRD4 had two SNPs associated with the EM task. (For rs1800955: PC right and 

PC all were associated; and for rs7124601: all three PC measures were associated.) As 

previously mentioned the gene product of DRD4 forms receptors for dopamine and is 

highly expressed during development. The direction of the effect is consistent with 

putative risk on one SNP (C on rs1800855). The risk allele for the other SNP is not 

known, but both SNPs show a linear dose-response pattern. Together, this provides 

convergent evidence that the association is reliable and likely valid. 

As previously mentioned, IGF2 is important for growth, including brain growth, 

and cognition. One SNP on IGF2 in this study, rs10770125, was associated with RT left 

and RT all. The risk allele (A) is associated with slower responses in the children in this 

study. The direction of the effect provides additional evidence that this association is 

likely valid. 
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MAOA was also related to all three RT measures. This gene is biologically 

associated with all amine neurotransmitters including dopamine and serotonin. The SNP 

(rs6323) is associated with a variate from discriminant function analysis that combines all 

three RT measures to classify subjects into genotype groups. Separate analyses were 

performed for girls and boys. For girls, no variate was significant. For boys, those with a 

risk allele (G) had lower variate scores (were faster).  

SLC5A7 is associated with acetylcholine which is related to ADHD, hostility, and 

depression. The SNP in this study with significant associations (rs1013940) is associated 

with a variate comprised of all three RT measures from the child EM task. Those with 

zero risk alleles (CC) are maximally distinguished from those with two risk alleles (TT). 

In summary, several of the SNPs show plausible association with the child EM 

task and are in the expected direction. That is, those with the risk allele perform worse 

(usually slower because most associations were with RT). It appears that the results using 

the EM task were more consistent with the prior literature and putatively identified risk 

alleles than were the results for the SC task. Some of this could be due to the somewhat 

anomalous results with the benefit conditions in the SC task. 

Now, I would like to make a brief comment on the similarities and differences in 

which genes were predictive for the various tasks. Three of the genes (BDNF, CHRNA4, 

and SLC5A7) were associated with both the infant residual PC scores and at least one of 

the child SC outcomes. Only one of the genes (SLC5A7) was associated with the infant 

residual PC scores, at least one of the child SC task outcomes, and at least one of the 

child EM task outcomes. Only in the case of DRD4 (rs1800955) is the same SNP that is 

associated with the infant task also associated with one of the child tasks (EM). In some 
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ways, it is not surprising that the same SNPs are not associated with multiple outcome 

measures. Several SNPs on a given gene may all decrease the effectiveness of the protein 

product by changing the way the protein folds, the rate at which a neurotransmitter is 

produced, or by otherwise altering the availability of the protein. For example, SNPs can 

influence the way exons are spliced into mature messenger RNA prior to protein 

formation (ElSharawy, 2006). The tasks themselves are also measuring slightly different 

aspects of reflexive attention. In addition, developmental studies are notorious for having 

issues of construct shift where the construct of attention changes meaning from infancy to 

childhood. Developmental genetic studies have the additional issue of changes in gene 

expression over the course of development (i.e., other environmental and genetic factors 

can influence whether a child is producing, relative to his/ her peers, more or less of a 

gene product [Feil, 2006]; one example was discussed under Research Question One).  

The infant task (residual PC) and child EM task share DRD4 at rs1800955 as a 

predictor of reflexive attention performance. While the infant reflexive attention task and 

the child SC task share no specific genetic predictors (SNPs), the genes BDNF, 

CHRNA4, and SLC5A7 appear important to both. BDNF is strongly related to general 

brain development (Binder & Scharfman, 2004); therefore, it is not surprising that this 

gene is associated with several attentional tasks. The other two genes are associated with 

acetylcholine and have repeatedly shown results in this study. However, when comparing 

SNPs, the six that were associated with infant residual scores and the nine that are 

associated with child EM outcomes, there are more SNPs that are associated at one age 

but not the other (13) than there are SNPs that are associated at both ages (one). When 
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comparing genes, there are seven that are significant at one age but not the other while 

there are two that are associated with outcomes at both ages.  

Similarly, when comparing SNPs that were associated with infant residual scores 

(six) with those SNPs that are associated with child SC outcomes (12) there are no 

markers that are associated at both ages while there are 18 associated at one age or the 

other. When comparing genes, there are six that are significant at one age but not the 

other (SLC6A3 at infancy but not childhood; APOE, HTR4, IGF2, MAOA, and SNAP25 

in childhood but not infancy) and there are four that are associated with outcomes at both 

ages BDNF, CHRNA4, DRD4, and SLC5A7). This suggests the possibility that the infant 

and child tasks are not measuring the same underlying construct. Another possibility is 

that there are differences in the optimal level of a neurotransmitter at different ages (for 

an example see Dumontheil et al., 2011). As stated before, it must be kept in mind that 

gene expression can change over time and could influence a child’s relative standing on 

some measure or the trajectory of their attentional development. That is, it is possible that 

developmental trajectories (possibly via cumulative effects) are a better way to look at 

reflexive attention in infancy and childhood. This is the topic I will discuss next. 

Research Question Three. Do any of the genes studied influence the trajectory of 

attentional development? 

Probably the most exciting findings of this study concern the third question 

regarding genetic influence on the trajectory or changes in the relative standing of 

children on two attention measures taken 10 - 15 years apart. There are several genetic 

markers that show association with the trajectory of development between PC scores in 

infancy and PC scores on the EM task in childhood. These include CHRNA4, DRD4, 
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IGF2, and MAOA. Note, however, that the findings for CHRNA4 and IGF2 were not in 

the direction expected. Children with two copies of the risk allele (the TT genotype 

group) on CHRNA4 rs1044396 improved their position in the distribution. Likewise 

those with two risk alleles on IGF2 (rs734351) improved their position in the distribution. 

This might be explained in several ways. For example, with CHRNA4 it is possible that 

some children are experiencing too much of the acetylcholine neurotransmitter which has 

detrimental effects. Other researchers have found evidence for this pattern with dopamine 

(Kroener, Chandler, Phillips & Seamans, 2009). It is also possible that the same gene 

product can have a detrimental effect at one age and a beneficial effect at another age. 

APOE may be one example of this where the allele that increases likelihood of early 

dementia also increases an infants’ chances of surviving diarrhea from contaminated 

water (still very common, but especially common in primitive societies and probably 

early human history; Oriá et al., 2010). For CHRNA4, something similar could be 

occurring if the expected risk allele in adults was not the expected risk allele in children. 

Alternatively, children may have a different direction of risk from adults (on whom the 

risk allele was based) or reflexive attention may have a different risk allele than sustained 

attention. IGF2 (associated with brain development and growth). The risk allele for 

attentional problems for this particular SNP has not been identified in the literature. 

Therefore, the direction of effect found in this study could be confirmed in future studies.  

However, the other genetic markers that are associated with trajectory are 

consistent with the expected direction of effect. That is, more available neurotransmitter 

(dopamine for DRD4, and any amine neurotransmitter, including dopamine, for MAOA) 

has a positive influence on reflexive attention.  
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As mentioned, the findings for DRD4 (rs1800955) are in the expected direction in 

that children with risk alleles drop their position in the distribution between infancy and 

childhood. In fact, however, risk alleles could show deleterious effects early in life and 

then children could experience catch up growth (see Casey, 2008; Gurney et al., 2004).. 

The direction of expected effect was based on static associations. Further research into 

how the effects change over the course of development will provide a clearer picture of 

genetic effects on the course of development itself and not just on phenotype at a given 

stage. 

The directions of effects for five of six SNPs tested on MAOA were also in the 

expected direction (with the caveat above that the direction of effects for trajectories has 

not been well established). The SNP that was not in the expected direction (rs12843268) 

was significant for both boys and girls (tested separately). Those in the non-risk group 

(AA for girls; A for boys) dropped their relative position in the PC distribution from 

infancy to childhood. 

The direction of the effects for the other five SNPs on MAOA were in the 

expected direction, however in all cases these were only significant (at  =.05) for girls. 

However, MAOA (rs6323) was marginally significant for boys (p = .06). In all these 

cases, the direction of the effect is such that those with the maximum number of copies of 

the risk allele (two for girls and one for boys) are dropping position in the distribution 

between infancy and childhood. If this pattern has practical effects, such as on academic 

performance or social relationships, by the time a child reaches high school or college 

then it seems very worthwhile to investigate the possibility of home-based, educational, 

medical treatments that could prevent poor outcomes in childhood and adulthood. One of 



163 
 

 

the studies I am planning is to follow-up with the children in the current study when they 

are young adults in order to further identify the trajectories of their attentional 

development and how it is related to their academic and social development. 

In summary, one of the reasons trajectory findings are so exciting is that they 

significantly enhance our understanding of the influences on attentional development and 

provide predictive value to early genetic testing. It is also the case that no previous 

studies have identified genes associated with changes in attention across development. 

Additionally, Table 21 represents the same trajectory outcome measures for all 

the SNPs on MAOA and they are all significant (using a hierarchical ANOVA rather than 

a MANCOVA). The outcome measure is a difference score between the child’s position 

in the infant residual PC distribution and their position in the child PC distribution (for 

the EM task). MAOA is associated with the availability of amine neurotransmitter such 

as serotonin and dopamine. This finding suggests that MAOA is an important gene in 

determining the developmental trajectory of responding correctly to a target by looking at 

it.  

In summary, the hypothesis for research question three was supported. Several 

specific genes were associated with the trajectory of attentional development in terms of 

PC on the infant task and on the child EM task. These genes tend to be related to 

acetylcholine (CHRNA4) dopamine (DRD4), IGF2 (brain growth and development, 

including dopamine pathways) and any amine neurotransmitter, including dopamine 

(MAOA). As already mentioned, dopamine is a very important neurotransmitter during 

development, especially the first year of life. Very few researchers study the trajectory of 

development and this finding contributes uniquely to the literature on attentional 
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development. I plan to continue this line of research in future studies however, This 

might be highly productive because I have a genetic marker that predicts about a .5 SD 

drop on an attentional measure. This is s a huge effect size and very important. 
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Research Question Four. Is performance on the infant reflexive attention task 

related to performance on either or both of the child reflexive attention tasks? 

Research question four tested longitudinal associations between reflexive 

attention in infancy and childhood. There were no associations.  

There are several reasons why one might not expect to see continuity from 

infancy to childhood in aspects of attention. One reason is that environmental factors 

(e.g., nutrition, stress, and educational opportunities) probably play a role in attention. 

Another is that a construct such as attention has likely shifted from infancy to childhood. 

That is, the childhood task may no longer be measuring what a similar task in infancy 

measured.  This may be what is occurring in the current study. The lack of correlation 

between the tasks makes it difficult to interpret the trajectory analyses. These analyses are 

based on the idea that the underlying construct is the same for infancy and childhood. A 

question to explore in future studies is, “what exactly is this trajectory capturing?” 

Research Question Five. Is variation on the measure of reflexive attention 

collected in infancy related to current outcome measures such as academic performance 

or health outcomes? 

Research question five asked whether variation on the measures of reflexive 

attention collected in infancy might be related to childhood outcome measures such as 

academic performance or health. There was some evidence of these relationships. For 

example, relational aggression is associated with residual infant PC scores in such a way 

that the more aggression, the higher PC. The correlation remains significant when gender 

is controlled. One, highly speculative, possibility is that infants who are more alert to 

changes in their environment (leading to higher PC scores) are also more alert to changes 
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in their social environments and (unfortunately) more critical or controlling in their peer 

relationships. This possibility suggests that infant future studies may benefit from 

ascertaining infant temperament along with attentional measures. Overall, however, 

current analyses do not seem to point to the usefulness of the infant task as a screening 

tool in predicting which children are most likely to struggle academically. This is perhaps 

not very surprising because academic performance probably involves more sustained 

aspects of attention. Another possible explanation for the lack of significant results in 

some cases might be because I was quite conservative in which subjects I included. 

Future analyses will include some of these currently excluded subjects if their inclusion 

can be justified. 
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Study Limitations 

Limitations of this study include issues with recruitment, the nature of the 

measures, and the absence of physiological measures of gene expression. This was a 

follow-up study with children who were previously tested as infants. Without these 

children, the study would have lost its longitudinal component and would not have been 

as useful as a contribution to the literature on the development of attention. While the 

families who participated in the current study have been very generous with their time, a 

better picture of the development of reflexive attention might have been obtained if a 

greater proportion of families would have been able to participate. As mentioned 

previously, I recruited 329 follow-up participants from an available sample of 833 

eligible children who participated as infants in visual attention studies (see Dannemiller, 

2004). Children did not participate for the following reasons: 9% had no family address; 

36% never responded to the invitation despite multiple attempts to contact them13; 6% 

could not be scheduled; and 8% declined. This is a 61% attrition rate (which is not 

unusually high for a longitudinal study covering 15 years without intervening contact to 

keep track of the families). However, those who participated could be different in some 

way from those who did not participate and this could impact the generalizability of the 

results. If only the better functioning children participated then the estimated means for 

performance on SC tasks, for example, would be too high for the general population of 

children. One group of researcher used a Monte Carlo approach to determine that even 

                                                 
13 Typically, we attempted contact by mail prior to phone contact. If a family did not 

respond, we usually made three or four attempts by each method. We made many more 

attempts to schedule families that responded positively to participation. 
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low attrition rates can bias mean estimates but that attrition rate did not affect estimates 

of associations between variables (Gustavson, von Soest, Karevold & Roysamb, 2012). 

For general comparison purposes, note that the average age of those who did not 

participate was slightly younger (13.09 years) than those who did participate (13.14 

years). At birth, the non-participants also weighed slightly less (3600 grams) than the 

participants (3627 grams). 

 It is also true that for some children there was nearly a 16 year gap from the 

initial test of reflexive attention to the follow-up tests. In future studies I will aim for 

maintaining contact with families to more finely track the development of reflexive 

attention. 

Another limitation concerns the nature of the measures used. Despite the potential 

biases inherent in self-reported measures (e.g., on diagnoses), obtaining comprehensive 

medical and psychological examinations would have been more difficult. Finally, this 

sample was not diverse in regards to ethnicity/race and most of the participants resided in 

Wisconsin. 

Another possible limitation involves the construct similarity of the various 

measures of attention at the two ages. Barry (2009) has discussed the theoretical 

similarity between responses to novelty (in a display or in the environment) and the 

orienting reflex. Because the moving bar is novel in the display that the infant sees (it is 

the only moving bar among many static bars) and a suddenly appearing target (spaceship) 

is a novelty in a display that the child sees, the two types of stimuli could be related. This 

does not necessarily mean, however, that infant and child responses mean the same thing 

at both ages. To determine more thoroughly if the same underlying construct is being 
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measured would require several sub-scales at each time point that (purportedly) capture 

an underlying construct. If this is done then structural equation modeling can be used to 

determine if the sub-scales actually capture the same underlying construct. This was not 

possible in the current study but can be planned for in future studies. 

The final limitation that I will address is the somewhat coarse nature of genotype-

phenotype associations. In this study, I have used SNPs for one side of the association 

and responses to suddenly appearing or moving stimuli as the other side of the 

association. However, since the amount of gene product that is produced by a gene can 

vary for several reasons (e.g., epigenetic factors), a gene expression study might be more 

ideal in some ways. However, such studies can be invasive and are often impractical in 

humans because gene expression can be particular to the tissue of interest. Ideally, one 

would want to measure the gene expression levels in specific parts of the brain, but that is 

impossible in a study like this one for obvious reasons. Nevertheless, the inability to do a 

gene expression study does point to the fact that in some cases I am not able to tell if a 

dose-response relationship exists as precisely as a gene expression study might indicate.  

Conclusion

Overall, this study contributes to our understanding of the development of 

reflexive attention in several ways. First, this study suggests the importance of higher 

error rates in a spatial cueing task in predicting lower academic scores (especially 

Science, Language Arts, and Reading. It seems worthwhile to determine if the tendency 

to make errors in a reflexive attention task represents an underlying difficulty that leads, 

for example, to lower academic performance. Second, that is it useful to search for 

genetic markers associated with both eye movement and spatial cueing tasks in childhood 
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and adolescence. Additionally, this study identified several new genes that are associated 

with attention at one age or the other or at both ages.  

I was also able to find evidence that genetic markers selected because they are 

associated with sustained attention are also associated with reflexive attention. This is 

useful because it gives a more complete picture of the nature of attention and attentional 

deficits. 

The third way this study contributes is by highlighting the usefulness of looking at 

genetic markers as predictors of developmental change. This is rarely done but was 

particularly useful in this study. This study also re-confirmed the importance of dim cue 

luminance in detecting individual differences in reflexive attention that we had observed 

in a prior study with adults. For example, in a simple correlation for dim cues there were 

seven significant associations with SNPs and for bright cues there were three. This 

knowledge could help in the design of more sensitive developmental tests of visual 

attention. 

I have answered some questions that can only be answered in a longitudinal study 

with a molecular genetic component. This is important because the previous literature on 

the development of reflexive attention has been noted by other researchers to be 

especially sparse (Dye & Bavelier, 2010; Konrad et al., 2005). I conclude that specific 

neurotransmitter-related genes are associated with the development of reflexive attention 

in children and with changes in reflexive attention. This study makes a contribution to the 

emerging literature on the molecular genetics of psychological development and also 

provides exciting directions for future research.     
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APPENDIX A 

Recruitment  

Dear «lastname» Family, 

 We are writing to tell you about a new research opportunity at the Waisman 

Center.  Families are paid $15 for participation. You are being contacted because your 

child participated in a study under the direction of Dr. James L. Dannemiller when 

your child was an infant. That study concerned the development of visual attention. We 

would now like to follow-up with your child.  

The new study is a collaboration between Dr. Hill Goldsmith at the Waisman 

Center of the University of Wisconsin-Madison and Dr. James L. Dannemiller, now at 

Rice University. Participation for the new study involves an approximately 45 minute 

visit to the Waisman Center. The visit can be scheduled any time at your convenience. 

At this visit you will complete a brief questionnaire while your child completes two 

game-like computer tasks and provides a saliva sample. The saliva sample will be used to 

extract DNA which allows us to look at possible genetic influences on visual attention. 

 Our research staff can be reached by phone _________ (toll-free). We are 

available to discuss the study most days between 8:00am-9:00pm. You may also email 

the graduate student leading the project, Becky Lundwall (beckylundwall@rice.edu). We  

look forward to discussing this opportunity with you. Whether you are interested or not, 

please return the enclosed Contact Form in the self-addressed envelope.   

 Thank you for considering participation in this important follow-up study with the 

Attention Study.   
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Sincerely, 

 

Hill Goldsmith, Ph. D. 

UW-Madison 

328 Psychology Building, W J Brogden 

1202 W Johnson St 

Madison, WI 53706 

 

James L. Dannemiller, Ph.D. 

Rice University 

6100 Main Street, MS-25 

Houston, TX 77005 
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Procedures for Experimenter 

Arrive 20 minutes before the appointment. Clean the chin rest with an alcohol 

swab or disinfecting wipe. Check the name of the parent so that you can greet them on 

the first floor and help them obtain a parking permit. Wait at least 20 minutes in case of 

suspected no shows. If the parent gave contact information you may contact them to see 

they are still coming, need to reschedule, or want to cancel the appointment. (Call parent 

after 15 minutes to politely ask if they are running a little late. Reschedule if necessary.)  

Paperwork 

Lead them to the conference room (room 579) and explain the study to the child 

first, ask him/her if they have questions and answer these. If the child needs a drink of 

water they should get it now because they need to wait 30 minutes after eating or 

drinking anything before they should attempt to produce a saliva sample. You may want 

to show the parent or child the testing room if they are curious. When the child is ready, 

have the child sign the assent form. Point out additional details on the parent consent 

form and answer the parent’s questions. When he/she is ready, have the parent sign the 

consent form. Explain to the parent that it is important that the child have nothing to eat 

or drink for 30 minutes before the saliva sample collection. If the parent or child does not 

want to participate then they do not sign the consent form and you do not continue with 

the experiment. Just thank them for coming and escort them back downstairs. No ID# or 

label goes on the consent or assent forms but the child’s name, parent’s name, and ID# 

should be entered into the subject ID# log (kept in a safe in a locked office). No one but 

the research team should see this log. 
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Place a label (ID#) on the intake form and a matching label on the test tube of the 

gene kit. Hand the parent the intake form and ask the parent to begin filling it out. Walk 

the child to the testing room to get the child started on the computer tasks.  

Seat the child in front of the computer and have the child sit in a comfortable 

position. Adjust the chin rest so that the child is at a comfortable height. The 

chin/forehead rest is already adjusted so that the child’s eyes will be 57 cm from the 

screen. If it is adjusted forward or back or has been removed then please check that the 

distance is 57 cm before you begin data collection.  

Eye Movement Task 

Open Pinnacle (icon on desktop). Click on tab 1 “Import” (Should automatically 

recognize Pinnacle 700 box and default to Video Composite). Change the file name to 

“Subj_[ID #]. Show the child the camera and tell the child the chin rest is to help the 

child keep their head very still. Have the child place their head in the chin rest and adjust 

it for their comfort. The chair height and monitor height are also adjustable. Adjust the 

camera to show the child’s eyes. (Adjust focus if needed.) You may have to turn the 

monitor towards you as you do so. Place it back on the marked line when you are done. 

Click on “Start Capture.” 

Show the child the “movie” being made. Reassure the child that this movie won’t 

have their name anywhere and no one but the researchers will see it. Tell the child that 

they can see the movie at the end of the experiment if they want to. 

Tell the child that the first part of the experiment has a plus sign (fixation cross) 

and then a moving bar. (Demonstrate the two locations of the moving bar and show the 

child how it will move back and forth.) They should look directly at the plus sign and not 
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move their eyes until they see the moving bar begin to move. Then they should look at 

the moving bar (as quickly and accurately as possible) and keep looking at it until the 

plus sign comes up again. 

Open E-Prime and file is WISC_EM_RUN and enter the information requested. 

Be careful that you enter the correct ID# and do not overwrite other files. Change the 

session number to 2 if perform a second data collection attempt with the same child. 

Double check the subject ID# if you have the slightest doubt. 

Tell the child to keep their head very still in the chin rest so that their eyes will 

show up in the movie. They should try not to talk as that will make their eyes move out of 

the movie. 

Have the child hold a sign in front of their eyes (on a quarter to half sheet of 

paper) with their Subject ID# and the date and time (written in fat permanent marker). 

The sign should take up about the same area as the eyes so that it can all be seen in the 

recording. Take it from the child after about 10 seconds. 

Tell the child that there are 8 practice and 16 “for real” trials. Press the space bar 

to start the practice session. You should stay in the room during the practice trials and 

point out the fixation cross and the moving bars. The room should be darkened and quiet. 

Start the “real” trials and wait just outside the door so the child does not talk to you. It is 

OK to leave the door ajar. Put a testing in progress note on the door and stand outside the 

door to handle problems of noise or concerns from the child.  

Stop Capture, save changes, and close Pinnacle. Close E-Run. Verify that the 

mpeg file is in My Videos and that it is the correct size and ID #. 
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Spatial Cueing Task 

Open E-Prime and the file WISC_SC_RUN. 

Enter Subject ID number and other information as requested. Change the session 

number to 2 if this is a second data collection attempt. Be very careful not to overwrite 

earlier information. Double check the subject ID# if you have the slightest doubt. 

Read the first screen (i.e., say that this is a game where they pretend to shoot 

spaceships but ignore rockets). 

Read second screen and point to images as you speak (i.e., say that there are 

friendly rockets and alien space ships and that they should make a key press when they 

see the alien space ships but do nothing when they see a rocket). Tell the child that some 

of the rockets are faded but this is OK.  

Point out which keys to press when the spaceship appears on the left (point to left 

location and then key); do the same for the right location and key. There should be little 

stickers (reinforcers) on the A (left) and L (right) keys. 

Tell the child that he/she should be fast but also try to get as many correct as they 

can (no one gets them all correct unless they slow way down and we don’t want this). 

Mention the laser sounds that should occur with the key presses. Have the child 

wear the head phones so they will hear the sounds. 

Tell the child the first set is practice. Remind the child (a second time) that they 

should be fast but also try to get as many correct as they can. They should not slow down 

to get them all correct and they should not try to be so fast that they are getting many 

wrong. 

Start the practice session. 
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Tell the child that when they get a response correct, a blue box will come up. 

Say,” this means you got that right.” If they make a mistake then red letters will come up. 

Tell the child it’s OK to have a few mistakes. 

If they make no response, white letters will come up. Tell the child that 

sometimes “no response” is the correct response (because there was no alien space ship). 

Make sure they are getting the trials mostly correct during practice. If not, try to 

figure out if the child does not understand. You can start a new session (same subject ID, 

but session #2) and let the child practice again. 

If they are ready, you can press the spacebar for the child. 

Make sure they stop and stretch for at least 2 minutes at the break between blocks. 

For younger children you can take them through a few stretching motions (give me an A, 

give me an L, etc.) or walk them around the hallways. You could also engage in small 

talk about school, sports, other interests, etc. You could also collect the saliva sample at 

this pint if it has been 30 since the child last ate or drank (even a drink of water as this 

dilutes the DNA in the saliva). When the child has finished both computer tasks then you 

should check that the data files for their subject number look OK (correct file name, file 

extension, file size, location, etc.). 

  



201 
 

 

Parent Questionnaire
ID # _________________   

Molecular Genetics and Reflexive Visual Attention in Children 

Date Complete: _____/______/______ 

Child’s Date of Birth ____/____/____ Respondent:   1 Mother      2 Father       
 3 Other 

Child’s Age: _________________ Child’s Gender  1 Female  2 Male  

PART I: CHILD’S HEALTH & BEHAVIOR

1a. Current height:  ____________(inches) 1b. Current weight: 
 _____________(lbs) 

With what hand does your child… Left Right Both 
2. Write 1 2 3 
3. Draw 1 2 3 
4. Throw a ball 1 2 3 
5. Is your child currently taking any prescription or over-the-counter drugs/medications? 

0 No (If No, please go to Question 6)   1 Yes 

Name of drug Reason (symptom or diagnosis) 
How long has your child 
been taking this or a 
related drug? 

55a.  5ae.  5af.  

55b. 5be. 5bf.

55c.  5ce.  5cf.  

55d. 5de. 5df.

55e.  5ee.  5ef.  

Has your child ever been diagnosed with any of the following: Yes No 
6. Attention deficit hyperactivity disorder (ADHD) 1 0 
7. Anxiety 1 0
8. Obsessive-Compulsive Disorder (OCD) 1 0 
9. Other Psychological disorder 

(9exp. Disorder =
_______________________________________) 

1 0

10. Seizures 1 0 
11. Stroke 1 0
12. Visual neglect 1 0 
13. Other visual problems 

 (13exp Specify 
_______________________________________) 

1 0

14. Migraines 1 0 
15. Another neurological disorder 1 0
 15exp. Disorder = ____________________ 1 0 
16. Cancer  1 0
 16 exp. Type = ____________________ 1 0 
17 Chronic Illness 1 0
. 17exp. Illness = __________________________________ 1 0 
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18. Hearing loss 1 0
19. Dyslexia 1 0 
20. Is there anything else you would like to tell us about your child’s health or health care? 

Please answer the following questions about your child’s typical sleepiness over the last two 
weeks in mid afternoon. 

How likely is your child to doze off or fall asleep in the following situations, in contrast to feel just 
tired? Even if your child has not done some of these things recently, think about how the events 
would have affected your child. Circle the most appropriate number for each situation: 

How likely is it that your child would doze or sleep in midafternoon in the last two 
weeks?

 Never 
Slight
chance 

Moderate 
chance 

High
Chance 

1. Sitting and reading  0 1 2 3 
2. Watching television  0 1 2 3
3. Sitting inactive in a public place  
(for example, a movie theater or classroom)  0 1 2 3 
4. As a passenger in a car for an hour without a 
break  0 1 2 3
5. Lying down to rest in the afternoon when 
circumstances permit  0 1 2 3 
6. Sitting and talking to someone  0 1 2 3
7. Sitting quietly after lunch  0 1 2 3 
8. Doing homework or taking a test  0 1 2 3

BEHAVIOR 
Next is a list of behaviors that some kids exhibit during this period of development. For each 
behavior, indicate how often or true the behavior is of your child within the past six months.

My child… 
Never or 
not true 

Somewhat
true

Often or
very true

1. Fidgets 0 1 2 
2. Worries about things in the future 0 1 2
3. Has temper tantrums or hot temper 0 1 2 
4. When mad at a peer, keeps that peer from doing things 0 1 2
5. Worries that something bad will happen to people s/he is 0 1 2 
6. Steals; takes things that don't belong to her/him 0 1 2
7. Has trouble sleeping 0 1 2 
8. Can't stay seated when required to do so 0 1 2
9. Worries about past behavior 0 1 2 
10. Is a solitary child 0 1 2
11. Argues a lot with adults 0 1 2 
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12. Argues a lot with peers  0 1 2
13. Worries about being separated from loved ones 0 1 2 
14. Is nervous or shy about asking peers to do things 0 1 2
15. Lies or cheats 0 1 2 
16. Does not have fun in anything 0 1 2
17. Sleeps more than most kids during the day and/or night 0 1 2 
18. Verbally or physically threatens other kids 0 1 2
19. Impulsive or acts without thinking 0 1 2 
20. Tries to get others to dislike a peer 0 1 2
21. Distractible, has trouble sticking to any activity 0 1 2 
22. Feels like crying most days   0 1 2
23. Taunts and teases other kids 0 1 2 
24. Gets quiet around kids s/he does not know   0 1 2
25. Worries about doing better at things 0 1 2 
26. Defiant, talks back to adults 0 1 2
27. Avoids school to stay home 0 1 2 
28. Will shove or hit someone who is mean to her/him 0 1 2
29. Vandalizes 0 1 2 
30. Prefers to do things alone 0 1 2
31. Has difficulty awaiting turn in games or groups 0 1 2 
32. Sets fires 0 1 2
33. Aches and pains without known medical cause 0 1 2 
34. Headache without known medical cause 0 1 2
35. Nausea, feels sick without known medical cause 0 1 2 
36. Stomach aches or cramps without known medical 0 1 2
37. Tells others not to do things with or be a peer's friend 0 1 2 
38. Does things to annoy others 0 1 2
39. Scared to go to sleep without parents being near 0 1 2 
40. Cruel to animals 0 1 2
41. Likes to be alone 0 1 2 
42. Thinks its fun to tease and pick on other kids  0 1 2
43. Interrupts, blurts out answers to questions too soon 0 1 2 
44. Self-conscious or easily embarrassed 0 1 2
45. Blames others for her/his own mistakes 0 1 2 
46. Avoids being alone 0 1 2
47. Physically attacks people 0 1 2 
48. Shy with other kids 0 1 2
49. Has difficulty following directions or instructions 0 1 2 
50. Tells a peer that s/he won't do things with that peer or be 

that peer's friend unless that peer does what s/he asks 0 1 2

51. Needs to be told over and over that things are OK 0 1 2 
52. Plays mean tricks on other kids   0 1 2
53. Is easily annoyed by others 0 1 2 
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54. Seems nervous or uncomfortable when s/he has to do 
things in front of other people   0 1 2

55. Has nightmares about being abandoned 0 1 2 
56. Threatens people 0 1 2
57. Bothered by things a lot   0 1 2 
58. Shy with unfamiliar adults 0 1 2
59. Can't concentrate, can't pay attention for long 0 1 2 
60. Feels like s/he is not as good as other kids   0 1 2
61. Nervous, high strung or tense 0 1 2 
62. Thinks nothing will ever work out for her/him   0 1 2
63. Angry and resentful 0 1 2 
64. Avoids peers 0 1 2
65. Complains of feeling sick before separating from those s/he

is close to 0 1 2 

66. Does not think anybody really loves her/him   0 1 2
67. Seems nervous or uncomfortable when s/he is with a group 

of kids, like in the school lunchroom or at a party   0 1 2 

68. Will push or trip a peer if s/he does not like them   0 1 2
69. Destroys her/his own things 0 1 2 
70. Feels worthless or inferior 0 1 2
71. Jumps from one activity to another 0 1 2 
72. Overly upset when leaving someone s/he is close to 0 1 2
73. Gets back at people 0 1 2 
74. When s/he is with a group of kids, s/he seems nervous that 

s/he might embarrass herself/himself in front of them   0 1 2

75. Unhappy, sad or depressed 0 1 2 
76. Destroys things belonging to her/his family or other kids 0 1 2
77. Tends to be fearful or afraid of new things or new situations  0 1 2 
78. Underactive, slow-moving or lacks energy 0 1 2
79. Verbally threatens to keep a peer from doing things with 

her/him and her/his friends if the peer does not do what 
s/he wants 

0 1 2 

80. Has difficulty doing things quietly 0 1 2
81. Overly upset while away from someone s/he is close to 0 1 2 
82. Swears or uses obscene language 0 1 2
83. Keeps peers at a distance 0 1 2 
84. Is afraid of animals 0 1 2
85. Tries to get out of doing things in front of others   0 1 2 
86. Disobedient at school  0 1 2
87. Is afraid of being away from home 0 1 2 
88. Talks excessively 0 1 2
89. Hits or beats up other kids  0 1 2 
90. Nervous or uncomfortable around people s/he does not 

know 0 1 2

91. Cries a lot 0 1 2 
92. Cruel, bullies or mean to others 0 1 2
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93. Tells a peer that they can’t do things with her/him unless 
that peer does what s/he wants 0 1 2 

94. Seems lonely 0 1 2
95. Interrupts or butts in on others 0 1 2 
96. Seems afraid of making a fool of herself/himself when s/he

has to do things in front of other people   0 1 2

97. Gets in many fights 0 1 2 
98. Withdraws from peer activities 0 1 2
99. Uses a weapon when fighting 0 1 2 
100. Doesn't smile or laugh much 0 1 2
101. Does not seem to listen 0 1 2 
102. Loses things 0 1 2
103. Does dangerous things without thinking 0 1 2 
104. Feels too guilty   0 1 2
105. Cranky   0 1 2 
106. Truancy, skips school   0 1 2
107. Has broken into someone else’s house, building, or car   0 1 2 
108. Overtired   0 1 2
109. Has run away from home   0 1 2 
110. When s/he is worried about something it seems hard for 

her/him to stop worrying about it   0 1 2

111. Spreads rumors about peers s/he does not like  0 1 2 
112. Fails to pay attention to details; makes careless mistakes  0 1 2
113. Tries to get out of doing things with groups of kids, like 

going to parties   0 1 2 

PART II: ANCESTRY, FAMILY CHARACTERISTICS, & SCHOOL PERFORMANCE
BIOLOGICAL PARENTS (please circle as many as apply) 
1a. The child’s biological mother’s race 2a. The child’s biological father’s race
1. American Indian or Alaska Native  1. American Indian or Alaska Native  
2. Asian  2. Asian  
3. Black or African American  3. Black or African American  
4. Native Hawaiian or Other Pacific Islander 4. Native Hawaiian or Other Pacific Islander 
5. White 5. White 

1b. Regardless of race, which ethnic group 
applies to the biological mother? 

2b. Regardless of race, which ethnic group 
applies to the biological father? 

1   Hispanic or Latina 0   Not Hispanic or 
Latina 

1   Hispanic or Latino 0   Not Hispanic or 
Latino 

BIOLOGICAL GRANDPARENTS: MOTHER’S PARENTS (please circle as many as apply)
3a. The child’s biological maternal 
grandmother’s race 

4a. The child’s biological maternal 
grandfather’s race

1. American Indian or Alaska Native  1. American Indian or Alaska Native  
2. Asian  2. Asian  
3. Black or African American  3. Black or African American  
4. Native Hawaiian or Other Pacific Islander 4. Native Hawaiian or Other Pacific Islander 
5. White 5. White 
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3b. Regardless of race, which ethnic group 
applies to the maternal grandmother? 

4b. Regardless of race, which ethnic group 
applies to the maternal grandfather? 

1   Hispanic or Latina 0   Not Hispanic or 
Latina 

1   Hispanic or Latino 0   Not Hispanic or 
Latino 

BIOLOGICAL GRANDPARENTS: FATHER’S PARENTS (please circle as many as apply) 
5a. The child’s biological paternal 
grandmother’s race 

6a. The child’s biological paternal 
grandfather’s race

1. American Indian or Alaska Native  1. American Indian or Alaska Native  
2. Asian  2. Asian  
3. Black or African American  3. Black or African American  
4. Native Hawaiian or Other Pacific Islander 4. Native Hawaiian or Other Pacific Islander 
5. White 5. White 

5b. Regardless of race, which ethnic group 
applies to the paternal grandmother? 

6b. Regardless of race, which ethnic group 
applies to the paternal grandfather? 

1   Hispanic or Latina 0   Not Hispanic or 
Latina 

1   Hispanic or Latino 0   Not Hispanic or 
Latino 

FAMILY CHARACTERISTICS 
7. What was the total household income (all sources) in 2011 for the home in which the child 

lived most of the time? 
1. Under $20,000              4. $60,000 to 79,999        
2. $20,000 to $39,999        5. $80,000 to 99,999        
3. $40,000 to $59,999        6. More than $100,000 

8. How many adults (over 18 years) live in this home?       __________ 
9. How many children (up to 18 years) live in this home? __________ 
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CHILD’S SCHOOL PERFORMANCE 

My child is in the ________ grade.  

If your child is attending school in Madison Metropolitan School District (MMSD) then you should 
be able to get the scores by logging into the MMSD website. 
If you have forgotten your login information then you can enter your child's information and you 
will receive further instructions.  
If you have access to WKCE scores from Fall 2011, please report those on the half sheet (below). 
If you do not have access to those scores, WKCE scores from either 2010 or 2012 should be 
sufficient.  
If you do not have access to any of the above, we would like you to please complete the following 
questionnaire.  
Please do not put your child’s name on this form. The ID # will adequately identify your child to 
the researchers. 
If possible, please refer to the report that you received from the school district regarding your 
child’s scores on the Wisconsin Knowledge and Concepts Examinations (WKCE) for 2011-2012 
school year. Please provide numerical scores exactly as provided on the parent report you 
received, as requested below. See above if you do not have these scores. 

Your Student State Percentile 

10. Reading   

11. Language Arts   

12. Mathematics   

13. Science   

14. Social Studies   
 
These scores are from the academic year 

2010-2011    2011-2012    2012-2013 
.  
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APPENDIX B 

Selection of Genetic Markers 

After determining which genes were of interest (based on functional effects 

described in the literature and biological effects that could plausibly bring about the 

functional effects) I downloaded SNPs from HapMap.org for the gene region + 5kbp on 

each end and obtained minor allele frequency (MAF) and block structure, where 

available. Block structure refers to the linkage of SNPs and is useful because it is 

unnecessary to select two SNPs from the same haplotype block (haploblock). In the case 

of known block structure, one would simply chose the SNP with the highest MAF since 

this variability would make more likely the chances of finding statistically significant 

differences on the phenotype of interest, should they depend on genotype. Another factor 

to consider is genotyping success. Some SNPs are more difficult to genotype, for 

example, because they occur in a region with high methylation. I did not consider those 

with genotyping success below 80%.  

After deleting SNPs with low Hardy-Weinberg p-values and low MAFs I gave 

priority for selection to SNPs with prior a literature citation. If several SNPs had known 

block structure, the SNP with the highest MAF was retained unless a SNP with known 

literature already covered that block. We aimed for 4-5 SNPs per gene. This is actually 

fairly sparse coverage and it was usually easy to select SNPs that were at least 500 kbp 

apart. This criterion reduces redundancy due to SNP linkage disequilibrium, which is the 

non-random association of two or more alleles which tend to be transmitted together 

during meiosis (gamete creation). Some SNPs were replaced based on Illumina’s “failure 
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codes” which indicate poor genotyping success. Illumina is the company which provided 

primers and other products for the GoldenGate Genotyping technology used in this study. 
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Genetics Protocol 

Table B-1.  Primers used to isolate the polymorphisms analyzed.  

SNP Strand Primer sequence 

APOE 
rs429358 

Forward-
1  

ACTTCGTCAGTAACGGACGTACTGCACCAGGCGGCCGCA 

  Forward-
2 

GAGTCGAGGTCATATCGTGTACTGCACCAGGCGGCCGCG 

 Reverse ACGTCCTCCATGTCCGACGTAGCCTGTCCGTGACGAGAGTCTGCCTATAGTGAGTC 

APOE 
rs7412 

Forward-
1 

ACTTCGTCAGTAACGGACGGATGCCGATGACCTGCAGAAGT 

  Forward-
2 

GAGTCGAGGTCATATCGTGGATGCCGATGACCTGCAGAAGC 

 Reverse CCTGGCAGTGTACCAGGTGTAGCCCTACGCGACGGTTGAGTCTGCCTATAGTGAGTC 

APOE 
rs439401 

Forward-
1 

ACTTCGTCAGTAACGGACAGCCGCCGGCACTCTCTTCT 

  Forward-
2 

GAGTCGAGGTCATATCGTAGCCGCCGGCACTCTCTTCC 

 Reverse CTCCCACCCCCTCAGTTCTATATCACGGGCAACCTCGTCACGTCTGCCTATAGTGAGTC 
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Table B-1 Continued. 

SNP Strand Primer sequence 

BDNF 
rs2203877 

Forward-
1 

ACTTCGTCAGTAACGGACGGGGATCTCTTCCAGGAGTCTGAATAT 

  Forward-
2 

GAGTCGAGGTCATATCGTGGGGATCTCTTCCAGGAGTCTGAATAC 

 Reverse AGAAAAGAGTCTCTGAAGTGTGTCCTGATACGCGAGCCTAGACGTGTCTGCCTATAGTGAGTC 

BDNF 
rs6265 

Forward-
1 

ACTTCGTCAGTAACGGACGCATTGGCTGACACTTTCGAACACA 

  Forward-
2 

GAGTCGAGGTCATATCGTGCATTGGCTGACACTTTCGAACACG 

 Reverse GATAGAAGAGCTGTTGGATGAGTGCGTTGCGACTACCGATACGTGTCTGCCTATAGTGAGTC 

BDNF 
rs1491850 

Forward-
1 

ACTTCGTCAGTAACGGACGCGAAAGCATATATGCTCCAGTACCATA 

  Forward-
2 

GAGTCGAGGTCATATCGTGCGAAAGCATATATGCTCCAGTACCATG 

 Reverse ACGTAAAATCTGTATGATTATCAACGCTTGACCTAACCGATCCGAACGTCTGCCTATAGTGAGTC 
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Table B-1 Continued 

SNP Strand Primer sequence 

CHRNA4 
rs2236196 

Forward-
1 

ACTTCGTCAGTAACGGACGCCATGAGGGTGAGCCAGCAGT 

  Forward-
2 

GAGTCGAGGTCATATCGTGCCATGAGGGTGAGCCAGCAGC 

 Reverse CTCCAATCTGCTTCGCTAGGTGGGCCTACGAGAAGATCGCTGTCTGCCTATAGTGAGTC 

CHRNA4 
rs1044396 

Forward-
1 

ACTTCGTCAGTAACGGACGGCGGGTCTTGACCGTGGCA 

  Forward-
2 

GAGTCGAGGTCATATCGTGGCGGGTCTTGACCGTGGCG 

 Reverse GAAGAGGGCTCCTTCTTGACCCACAGACGTTGGTCCGTAGGTCTGCCTATAGTGAGTC 

CHRNA4 
rs2273502 

Forward-
1 

ACTTCGTCAGTAACGGACCCCCTTGGTGTCTTTCTCTGGCT 

  Forward-
2 

GAGTCGAGGTCATATCGTCCCCTTGGTGTCTTTCTCTGGCC 

 Reverse TAGGTTTCCTCATCTACAGCCAATGTTGACCCGGATCTCGTCCGTCTGCCTATAGTGAGTC 
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Table B-1 Continued. 

SNP Strand Primer sequence 

CHRNA4 
rs6090384 

Forward-
1 

ACTTCGTCAGTAACGGACCAGGGCGACCTCAGTCACAGT 

  Forward-
2 

GAGTCGAGGTCATATCGTCAGGGCGACCTCAGTCACAGC 

 Reverse CTCACCTACCACGTCAATGAGGATACCCGGTCGTCCGTGATGAGTCTGCCTATAGTGAGTC 

CHRNA4 
rs6090387  

Forward-
1 

ACTTCGTCAGTAACGGACGGGAGCCGGGAGCCGCCG 

  Forward-
2 

GAGTCGAGGTCATATCGTGGGAGCCGGGAGCCGCCC 

 Reverse CATCTAGAGCCCGCGAGACGGTCCACTACTCGATGCGCTGTCTGCCTATAGTGAGTC 

COMT 
rs737865 

Forward-
1 

ACTTCGTCAGTAACGGACGTTTGGATTTTTCCAGCCAGGGA 

  Forward-
2 

GAGTCGAGGTCATATCGTGTTTGGATTTTTCCAGCCAGGGG 

 Reverse TTTTGTGTCCTGTTGCTTTTTATAGTCCACAATCGCTAAGCCTCGGTCTGCCTATAGTGAGTC 
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Table B-1 Continued. 

SNP Strand Primer sequence 

COMT 
rs4680 

Forward
-1 

ACTTCGTCAGTAACGGACGATGGTGGATTTCGCTGGCA 

  Forward
-2 

GAGTCGAGGTCATATCGTGATGGTGGATTTCGCTGGCG 

 Reverse GAAGGACAAGGTGTGCATGAGTACGCTCCTACCACGTCGATGTCTGCCTATAGTGAGTC 

COMT 
rs2075507 

Forward
-1 

ACTTCGTCAGTAACGGACGACTGTGAGTATGGGAAGGGGAAA 

  Forward
-2 

GAGTCGAGGTCATATCGTGACTGTGAGTATGGGAAGGGGAAG 

 Reverse TTTTCTGTCTGTTGTCCCCAGAACGGGTCGCTATGTCGTTGGTCTGCCTATAGTGAGTC 

COMT 
rs165599 

Forward
-1 

ACTTCGTCAGTAACGGACGGACTCCTCTTCGTTTCCCAGGCT 

  Forward
-2 

GAGTCGAGGTCATATCGTGGACTCCTCTTCGTTTCCCAGGCC 

 Reverse GCAGTCGTCCCCATGGCCCACTTACGTCGCATGGGACTGTCTGCCTATAGTGAGTC 
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Table B-1. Continued. 

SNP Strand Primer sequence 

DRD4 
rs747302 

Forward-
1 

ACTTCGTCAGTAACGGACGCCCCCGCAGCCTCTGGCT 

  Forward-
2 

GAGTCGAGGTCATATCGTGCCCCCGCAGCCTCTGGCG 

 Reverse GACCACCACGGTCAGCCAGCGTTATGAGACCGATGGGCGTCTGCCTATAGTGAGTC 

DRD4 
rs1800955 

Forward-
1 

ACTTCGTCAGTAACGGACGGAGCGGGCGTGGAGGGT 

  Forward-
2 

GAGTCGAGGTCATATCGTGGAGCGGGCGTGGAGGGC 

 Reverse ACGAGGTCGAGGCGAGTGTACAGTCTCGCGGTGCCTAAGGTCTGCCTATAGTGAGTC 

DRD4 
rs7124601 

Forward-
1 

ACTTCGTCAGTAACGGACGAGGGAAACACCCCTTCCCCACT 

  Forward-
2 

GAGTCGAGGTCATATCGTGAGGGAAACACCCCTTCCCCACG 

 Reverse AGATCTCCCTTTGTTTTGAGTTACTTCATCACGCCGGGTTAAAGCGTCTGCCTATAGTGAGTC 
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Table B-1. Continued. 

SNP Strand Primer sequence 

DRD4 
rs11246227 

Forward-
1 

ACTTCGTCAGTAACGGACGACCCTCCGCCTCCCAATT 

  Forward-
2 

GAGTCGAGGTCATATCGTGACCCTCCGCCTCCCAATC 

 Reverse TGCTGGCTGGAACTTTCACCATGCGTAGGTATCGGGCTAGTCTGCCTATAGTGAGTC 

HTR4 
rs12374521 

Forward-
1 

ACTTCGTCAGTAACGGACGTTCTCAAGCAACAGCAATGCAAGT 

  Forward-
2 

GAGTCGAGGTCATATCGTGTTCTCAAGCAACAGCAATGCAAGC 

 Reverse ACAACTCCCTTCAAGCTGGCCGATGTATTACGCCGAGAAGCGTCTGCCTATAGTGAGTC 

HTR4 
rs1363545 

Forward-
1 

ACTTCGTCAGTAACGGACGAGGACTGGATGGCCTGTGGG 

  Forward-
2 

GAGTCGAGGTCATATCGTGAGGACTGGATGGCCTGTGGC 

 Reverse GATTGCAGACTGGCTATTTAATAGAGTCAACGATTTGCCCGGACGTCTGCCTATAGTGAGTC 
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Table B-1. Continued. 

SNP Strand Primer sequence 

HTR4 
rs1862345 

Forward
-1 

ACTTCGTCAGTAACGGACCCATACTTTGCTCAACTGGTACAAATATT 

  Forward
-2 

GAGTCGAGGTCATATCGTCCATACTTTGCTCAACTGGTACAAATATC 

 Reverse TGCTATGTACTTACTACGTTGCAATAGCAGGTTACGGTCGGACGAGTCTGCCTATAGTGAGTC

IGF2 
rs734351 

Forward
-1 

ACTTCGTCAGTAACGGACGGAACGCACGTCCCTTGTCAA 

  Forward
-2 

GAGTCGAGGTCATATCGTGGAACGCACGTCCCTTGTCAG 

 Reverse ATGTCCAAAAGGTGCAGGACGCAGTCAACGACGTATTCCGAGTCTGCCTATAGTGAGTC 

IGF2 
rs10770125 

Forward
-1 

ACTTCGTCAGTAACGGACGAATCCACCTCCTCCCACACAA 

  Forward
-2 

GAGTCGAGGTCATATCGTGAATCCACCTCCTCCCACACAG 

 Reverse CTCGGTGGTGACTCTTCGGGTTGAATCGGTGTTCACGACGGTCTGCCTATAGTGAGTC 
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Table B-1. Continued. 

SNP Strand Primer sequence 

IGF2 
rs7924316 

Forward
-1 

ACTTCGTCAGTAACGGACGTTTGTTAAGCGGCCCTGTAGCTA 

  Forward
-2 

GAGTCGAGGTCATATCGTGTTTGTTAAGCGGCCCTGTAGCTC 

 Reverse GGTCATGGCAATATGGATTTAGTCATTCGTCCGGGTAGCAGAAGTCTGCCTATAGTGAGTC 

MAOA 
rs909525 

Forward
-1 

ACTTCGTCAGTAACGGACTGAAGGCCAGGTACAGAGGAAATA 

  Forward
-2 

GAGTCGAGGTCATATCGTTGAAGGCCAGGTACAGAGGAAATG 

 Reverse AGCATTCCAAATAATGCCAGAATAGACCGAGTCGATGTGGCGGTCTGCCTATAGTGAGTC 

MAOA 
rs6323  

Forward
-1 

ACTTCGTCAGTAACGGACCTTAATGACAGCTCCCATTGGAAGA 

  Forward
-2 

GAGTCGAGGTCATATCGTCTTAATGACAGCTCCCATTGGAAGC 

 Reverse GCTGAATTAACTGGTTTCTCTCTGATCTGCCGACTATTCTCGCACGTCTGCCTATAGTGAGTC 
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Table B-1. Continued. 

SNP Strand Primer sequence 

MAOA 
rs3027400   

Forward
-1 

ACTTCGTCAGTAACGGACAAGGAAGTGGTGTCCCCACAAAT 

  Forward
-2 

GAGTCGAGGTCATATCGTAAGGAAGTGGTGTCCCCACAAAG 

 Reverse AATTGCTAAGGAGTTCCACAGAGCGTTGTGCTAACGGGATCTCGTCTGCCTATAGTGAGTC 

MAOA 
rs2072743 

Forward
-1 

ACTTCGTCAGTAACGGACGAGGATAGTTAAAAGACACCATCACTT 

  Forward
-2 

GAGTCGAGGTCATATCGTGAGGATAGTTAAAAGACACCATCACTC 

 Reverse GACTTATAAAAGGGATCATTTTAGAGGATAGGCCAACGCTCAATCGTGTCTGCCTATAGTGAGT
C 

MAOA 
rs1137070  

Forward
-1 

ACTTCGTCAGTAACGGACGCGGGAAGGTGACCGAGAAAGAT 

  Forward
-2 

GAGTCGAGGTCATATCGTGCGGGAAGGTGACCGAGAAAGAC 

 Reverse TCTGGGTACAAGAACCTGAATATCACACGCAGTCGGCTGTCTTGTCTGCCTATAGTGAGTC 
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Table B-1. Continued. 

SNP Strand Primer sequence 

MAOA 
rs12843268 

Forward
-1 

ACTTCGTCAGTAACGGACGCAACCTTTTCTGTCTCCCCCACT 

  Forward
-2 

GAGTCGAGGTCATATCGTGCAACCTTTTCTGTCTCCCCCACC 

 Reverse TCCTGGTGGTTCATCCATCTGACTGTACCGCTAATCGCCGGTCTGCCTATAGTGAGTC 

SLC5A7 
rs3806536 

Forward
-1 

ACTTCGTCAGTAACGGACCCATGGTATCCCCATCCTGAGA 

  Forward
-2 

GAGTCGAGGTCATATCGTCCATGGTATCCCCATCCTGAGG 

 Reverse AAGTACCTGCTACTCCCATCTCACCACGACCTTTTCGCCTGTAGGTCTGCCTATAGTGAGTC 

SLC5A7 
rs1013940 

Forward
-1 

ACTTCGTCAGTAACGGACGCTAGCTTGGGCTCAGGCACCAA 

  Forward
-2 

GAGTCGAGGTCATATCGTGCTAGCTTGGGCTCAGGCACCAG 

 Reverse TGGATATTCTCTTAGTCTGATTTTGGATGACGACCGAATACCGTTGGTCTGCCTATAGTGAGTC 
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Table B-1. Continued. 

SNP Strand Primer sequence 

SLC5A7 
rs4676169 

Forward
-1 

ACTTCGTCAGTAACGGACGCAGTGCTTTTAGAATAACATGCAACACT 

  Forward
-2 

GAGTCGAGGTCATATCGTGCAGTGCTTTTAGAATAACATGCAACACC 

 Reverse TTGTCTCAGGAGTTTAGGTAGTTTAGGCGATAGGCTGTACGAATCGGTCTGCCTATAGTGAGT
C 

SLC5A7 
rs333229 

Forward
-1 

ACTTCGTCAGTAACGGACGGCTTTATCACAAATCTATAGTGTGGGGT 

  Forward
-2 

GAGTCGAGGTCATATCGTGGCTTTATCACAAATCTATAGTGTGGGGG 

 Reverse AATTATTAAGAGCCAGAAAAGAGACAAGGGTACGTCCGCGTCATCCGTCTGCCTATAGTGAG
TC 

SLC5A7 
rs2114635 

Forward
-1 

ACTTCGTCAGTAACGGACGCAAGGAATGTTAAGAGGAGCCTGA 

  Forward
-2 

GAGTCGAGGTCATATCGTGCAAGGAATGTTAAGAGGAGCCTGG 

 Reverse ATATATTTGCATAATAGATAGCAAAGATTCTGATCGCGGCGAGAGCTAAGTCTGCCTATAGTG
AGTC 



225 
 

 

Table B-1. Continued. 

SNP Strand Primer sequence 

SLC6A3 
(aka DAT1) 
rs27047 

Forward
-1 

ACTTCGTCAGTAACGGACGCTCCGCCTTCCAGGCACAT 

  Forward
-2 

GAGTCGAGGTCATATCGTGCTCCGCCTTCCAGGCACAC 

 Reverse AGGAAGCTGAGGTCCTCCGGTAAATCTCGACCGTTCGTCCGTCTGCCTATAGTGAGTC 

SLC6A3 
(aka DAT1) 
rs11564750 

Forward
-1 

ACTTCGTCAGTAACGGACGGGACTAGAGGTCACACAGATCCAC 

  Forward
-2 

GAGTCGAGGTCATATCGTGGGACTAGAGGTCACACAGATCCAG 

 Reverse CAGCCACATCCTTACTGACCCGTAAGGTGGCGTGACGACTAAGTCTGCCTATAGTGAGTC 
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Table B-1. Continued. 

SNP Strand Primer sequence 

SLC6A3 
(aka DAT1) 
rs2042449 

Forward
-1 

ACTTCGTCAGTAACGGACGAGCATGGACTCATCCACACACGA 

  Forward
-2 

GAGTCGAGGTCATATCGTGAGCATGGACTCATCCACACACGG 

 Reverse ATGACCACAGCATCCTAATAACTCTCGACAGTGCGATTACCGGCGTCTGCCTATAGTGAGTC 

SLC6A3 
(aka DAT1) 
rs463379 

Forward
-1 

ACTTCGTCAGTAACGGACGACGTTTGCGCGATTCTCCG 

  Forward
-2 

GAGTCGAGGTCATATCGTGACGTTTGCGCGATTCTCCC 

 Reverse AGATCCAGTGTTTCCCGTCCGTCCATGATCGAACGGCCTAGGTCTGCCTATAGTGAGTC 

SLC6A3 
(aka DAT1) 
rs2617605 

Forward
-1 

ACTTCGTCAGTAACGGACGGCCACCGGGGACGTCCA 

  Forward
-2 

GAGTCGAGGTCATATCGTGGCCACCGGGGACGTCCG 

 Reverse GAACATTGGTGATCCCTTCCATGAGCGGGTTCGTACCAGTCGTCTGCCTATAGTGAGTC 
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Table B-1. Continued. 

SNP Strand Primer sequence 

SLC6A3 
(aka DAT1) 
rs6350 

Forward
-1 

ACTTCGTCAGTAACGGACGAGCTGGTGAGCTGCACTCCA 

  Forward
-2 

GAGTCGAGGTCATATCGTGAGCTGGTGAGCTGCACTCCG 

 Reverse TCTGCTCCTTGACAAGGATAGCCGGTGCTGTCGCCAATTACGTCTGCCTATAGTGAGTC 

SLC6A3 
(aka DAT1) 
rs2937639 

Forward
-1 

ACTTCGTCAGTAACGGACGCCCCACACTTCCAGAGAGCAATT 

  Forward
-2 

GAGTCGAGGTCATATCGTGCCCCACACTTCCAGAGAGCAATC 

 Reverse TACAATCTTCTAAGAGCATTCAATTGTGATAACGGTCGCTACACGGGTCTGCCTATAGTGAGT
C 

SNAP25 
rs6077690 

Forward
-1 

ACTTCGTCAGTAACGGACGACTGCAAAATCCTTTGTAGTCAGAATT 

  Forward
-2 

GAGTCGAGGTCATATCGTGACTGCAAAATCCTTTGTAGTCAGAATA 

 Reverse TTTCCAAAGTGTGACACTTTAAAATCGGAGACCAACCGTAGTCGTGTCTGCCTATAGTGAGTC 
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Table B-1. Continued. 

SNP Strand Primer sequence 

SNAP25 
rs362570 

Forward
-1 

ACTTCGTCAGTAACGGACGAACTCCCTAAGTCCCCTCATTGAAA 

  Forward
-2 

GAGTCGAGGTCATATCGTGAACTCCCTAAGTCCCCTCATTGAAG 

 Reverse GGTGAGTGAAACTGGTGAAGAACGGTTGACGACTGCGACCCATGTCTGCCTATAGTGAGTC 

SNAP25 
rs6032846 

Forward
-1 

ACTTCGTCAGTAACGGACCTTGCCCAGAAAACCTTGTCTCAT 

  Forward
-2 

GAGTCGAGGTCATATCGTCTTGCCCAGAAAACCTTGTCTCAC 

 Reverse GTCTGCTCTTCAGAGAGTCCTACGGTGTTCGGACGAATAGCTCCCGTCTGCCTATAGTGAGTC 

SNAP25 
rs3746544 

Forward
-1 

ACTTCGTCAGTAACGGACGCATTTGGTGGCTCTAACTCCTTGAT 

  Forward
-2 

GAGTCGAGGTCATATCGTGCATTTGGTGGCTCTAACTCCTTGAG 

 Reverse TCTTGAGTTTCATTTTTCATTTTATGTTGACCGAACCGCATACGGGTCTGCCTATAGTGAGTC 
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APPENDIX C 

Steps in Decisions Regarding Exclusion Criteria 

1. Most restrictive: I excluded all participants who were not participants as 

infants, all with any diagnosis or taking any drug that might induce 

inattention, and all reporting non-Caucasian grandparents. For analyses 

involving Spatial Cueing tasks I excluded those with error percent over 40%. 

2. I excluded all participants who were not participants as infants, all with any 

diagnosis, or taking any drug that might induce inattention. However, I 

allowed children whose parents reported non- Caucasian ancestry (based on 

race and ethnicity of the child’s grandparents). For analyses involving Spatial 

Cueing tasks I excluded those with error percent over 40%. The statistical 

decisions were different in 10 of 56 analyses so I reverted to excluding those 

with non-Caucasian ancestry. 

3. I excluded all participants who were not participants as infants, all taking any 

drug that might induce inattention, and all reporting non-Caucasian 

grandparents. However, I allowed children whose parents reported a possibly 

sleep inducing diagnosis to participate (on the rationale that almost all of these 

children were taking medications to treat the diagnosis). For analyses 

involving Spatial Cueing tasks I excluded those with error percent over 40%. 

The statistical decisions were different in 11 of 56 analyses so I reverted to 

excluding those with a possibly sleep inducing diagnosis. 
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APPENDIX D 

Tables of Descriptive Statistics. 

Table D-1.  Means and standard deviations of key variables.  

    Count Mean Std. Dev. 

Birthweight (grams)   237 3626.88 451.96

Gender female 117
 

  

  male 120
 

  

Infant Age at Testing (in days; 
uncorrected for gestation) 

 237 107.43 23.35

Infant Residual RT Scores1  237 -0.04 0.97

Infant Residual PC Scores  237 0.07 1.00

Infant Composite Scores  237 .10 1.70

Sub-Sample Lower 77
 

  

  Middle 65   

  Upper 95
 

  

Child Age  237 13.14 1.67

Average RT (Spatial Cueing task)  237 390.28 53.80

Error Percent (Spatial Cueing task)  237 0.07 0.08

Dual Bright (Spatial Cueing task)   172 382.33 52.96

Dual Dim (Spatial Cueing task)   172 377.55 53.09

No Cue (Spatial Cueing task)   172 419.52 56.10

Note 1. These are standardized residual scores, but the means and standard deviations are 

not exactly zero and one (respectively) because not all families participated  
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Table D-1.  Continued.  

    Count Mean Std. Dev. 

Bright Invalid (Spatial Cueing task)   172 391.82 63.17

Bright Valid (Spatial Cueing task)   172 385.44 55.15

Dim Invalid (Spatial Cueing task)   172 383.34 62.09

Dim Valid (Spatial Cueing task)   172 386.02 54.03

Alert Bright (Spatial Cueing task)  237 36.79 30.58

Alert Dim (Spatial Cueing task)  237 40.98 27.24

Benefit Bright (Spatial Cueing task)  237 -3.14 27.98

Benefit Dim (Spatial Cueing task)  237 -8.23 24.62

Cost Bright (Spatial Cueing task)  237 -9.88 24.36

Cost Dim (Spatial Cueing task)  237 -5.79 24.18

PC left (Child Eye Movement task)  237 0.87 0.16

PC right (Child Eye Movement task)  237 0.80 0.18

PC all (Child Eye Movement task)  237 0.84 0.13

RT left (Child Eye Movement task)  237 358.82 39.11

RT right (Child Eye Movement task)  237 366.04 52.12

RTall (Child Eye Movement task)  237 362.25 38.71

Sleepiness Scores  237 2.31 2.78

Reading Percentile  154 76.39 21.55

Lang. Arts. Percentile  75 74.65 24.87

Math Percentile  148 77.63 21.45

Science Percentile  67 75.79 24.43
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Table D-1.  Continued.  

    Count Mean Std. Dev. 

Social Studies Percentile  66 77.32 23.29

Depression Score (Behavior Checklist)  237 0.69 1.34

Conduct Disorder Score (Behavior 
Checklist) 

 237 0.28 0.98

Impulsivity Score (Behavior Checklist)  237 1.94 2.20

Inhibition Score (Behavior Checklist)  237 1.18 1.14

Inattention Score (Behavior Checklist)  237 1.45 1.93

Separation Anxiety Score (Behavior 
Checklist) 

 237 0.97 1.34

Oppositional Defiant Score (Behavior 
Checklist) 

 237 2.17 2.68

Asocial Score (Behavior Checklist)  237 1.58 2.02

Over-anxiousness Score (Behavior 
Checklist) 

 237 3.25 2.73

Aggression (Overt) Score (Behavior 
Checklist) 

 237 0.40 0.73

Relational Aggression Score (Behavior 
Checklist) 

 237 0.18 0.62

Social Anxiety Score (Behavior 
Checklist) 

 237 2.20 2.53

Internalizing Score (Behavior Checklist)  237 4.90 4.44

Externalizing Score (Behavior Checklist)  237 2.86 3.92

ADHD Symptoms Score (Behavior 
Checklist) 

  237 3.39 3.73
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Table D-2.  Correlations of key variables.  

  BW Gender Infant 
PC 

Infant 
RT 

Infant 
Composite

Birthweight (BW) 1 .24** 0.05 -0.03 0.05
Gender 1 -0.03 -0.01 -.01
Infant Residual PC Score (Infant 
PC) 1 -.49** .87**

Infant Residual RT Score (Infant 
RT) 1 -.86**

Infant Composite 1
SubSample 
Child Age 
Average RT 
Error Percent (Err %) 
Alert Bright(AB) 
Alert Dim (AD) 
Benefit Bright (BB) 
Benefit Dim (BD) 
Cost Bright (CB) 
Cost Dim (CD) 
Child PC left 
Child PC right 
Child PC (all) 
Child RT left 
Child RT right 
RTall child EM 
Sleepiness 
Reading Percentile (Read %ile) 
Lang. Arts Percentile (LA %ile) 
Math Percentile (Math %ile) 
Science Percentile (Science %ile) 
Social Science Percentile (SS %ile)        
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Table D-2. Continued. 

  Sub-
Sample 

Child 
Age 

Ave. 
RT 

Error 
% AB AD 

Birthweight (BW) 0.09 -0.07 -0.09 0.14 0.05 0.11

Gender -0.03 -0.05 -.20* 0.14 0.04 0.05

Infant Residual PC Score 
(Infant PC) .56** 0.02 0.06 -0.04 0.03 0

Infant Residual RT Score 
(Infant RT) -.29** 0.03 -0.1 0.1 -0.03 -0.01

Infant Composite .50** -.01 0.09 -0.08 0.03 0.01

SubSample 1 -0.03 0.07 -0.08 0.05 0.00

Child Age 1 -.50** -0.08 0.11 0.14

Average RT 1 -.36** 0.06 0.02

Error Percent (Err %) 1 -.21* -.20*

Alert Bright(AB) 1 .79**

Alert Dim (AD) 1

Benefit Bright (BB) 

Benefit Dim (BD) 

Cost Bright (CB) 

Cost Dim (CD) 

Child PC left 

Child PC right 

Child PC (all) 

Child RT left 

Child RT right 

RTall child EM 

Sleepiness 

Reading Percentile (Read %ile) 

Lang. Arts Percentile (LA %ile) 

Math Percentile (Math %ile) 

Science %ile 

Social Science %ile        
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Table D-2. Continued. 

  BB BD CB CD 
Birthweight (BW) -0.02 -0.04 -0.01 -0.05 

Gender 0.01 -0.1 0.12 0 

Infant Residual PC Score (Infant PC) -0.1 -0.02 -0.03 0.01 

Infant Residual RT Score (Infant RT) 0 -0.08 0.01 -0.1 

Infant Composite -.06 0.03 -.02 0.06 

SubSample -0.08 0.03 -.06 -0.02 

Child Age 0.12 0.03 .18* 0.08 

Average RT -0.07 0 -.40** -.34** 

Error Percent (Err %) 0.14 -0.07 .17* 0.13 

Alert Bright(AB) -.53** -.17* -.36** -0.13 

Alert Dim (AD) -.30** -.34** -.23** -.32** 

Benefit Bright (BB) 1 .42** .25** -0.06 

Benefit Dim (BD) 1 0.09 0.12 

Cost Bright (CB) 1 .45** 

Cost Dim (CD) 1 

Child PC left   

Child PC right   

Child PC (all)   

Child RT left   

Child RT right   

RTall child EM   

Sleepiness   

Reading Percentile (Read %ile)   

Lang. Arts Percentile (LA %ile)   

Math Percentile (Math %ile)   

Science Percentile (Science %ile)   

Social Science Percentile (SS %ile)      
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Table D-2. Continued. 
 

  Child PC 
left 

Child PC 
right 

Child PC 
(all) 

Birthweight (BW) -0.1 0.02 -0.04

Gender 0 -.17* -0.1

Infant Residual PC Score (Infant PC) -0.12 0.03 -0.06

Infant Residual RT Score (Infant RT) 0.1 0.04 0.06

Infant Composite -.13 -.01 -.07

SubSample -0.09 0.01 -0.06

Child Age 0.03 0.12 0.09

Average RT 0.09 -0.05 0.01

Error Percent (Err %) -0.01 0.02 0

Alert Bright(AB) -0.06 0.04 -0.01

Alert Dim (AD) -0.01 0.03 0.02

Benefit Bright (BB) 0.09 0.03 0.09

Benefit Dim (BD) 0.04 .19* 0.15

Cost Bright (CB) 0.04 0.14 0.13

Cost Dim (CD) 0.01 0.11 0.08

Child PC left 1 .23** .75**

Child PC right 1 .82**

Child PC (all) 1

Child RT left 

Child RT right 

RTall child EM 

Sleepiness 

Reading Percentile (Read %ile) 

Lang. Arts Percentile (LA %ile) 

Math Percentile (Math %ile) 

Science Percentile (Science %ile) 

Social Science Percentile (SS %ile)     
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Table D-2. Continued. 

  Child RT 
left 

Child RT 
right 

Child RT 
(all) 

Birthweight (BW) 0.13 0.04 0.08

Gender 0.02 -0.12 -0.08

Infant Residual PC Score (Infant PC) -0.06 0.11 0.04

Infant Residual RT Score (Infant RT) -0.02 -0.08 -0.08

Infant Composite -.03 0.11 0.06

SubSample -.06 0.12 0.05

Child Age -0.06 -0.01 -0.04

Average RT 0.09 0.15 0.14

Error Percent (Err %) 0.03 0.05 0.06

Alert Bright(AB) 0.08 -0.06 0

Alert Dim (AD) 0.05 0 0.03

Benefit Bright (BB) -0.11 0.02 -0.04

Benefit Dim (BD) -0.06 0 -0.03

Cost Bright (CB) 0.02 0.09 0.06

Cost Dim (CD) 0.06 -0.03 0.01

Child PC left 0.12 0.15 0.16

Child PC right .31** .28** .36**

Child PC (all) .28** .28** .34**

Child RT left 1 .46** .82**

Child RT right 1 .88**

RTall child EM 1

Sleepiness   

Reading Percentile (Read %ile)   

Lang. Arts Percentile (LA %ile)   

Math Percentile (Math %ile)   

Science %ile   

Social Science %ile     
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Table D-2. Continued. 

  Sleepi-
ness 

Read 
%ile 

LA 
%ile 

Math 
%ile 

Science 
%ile 

SS 
%ile 

Birthweight (BW) 0.04 -0.1 -0.01 -0.06 0.06 0.1

Gender 0.04 -.20* -0.04 -0.16 0.02 -0.05

Infant Residual PC Score 
(Infant PC) 0.09 -0.01 0.02 0.01 0.18 0.14

Infant Residual RT Score 
(Infant RT) 0.02 -0.02 -0.07 0.06 -0.06 0.04

Infant Composite 0.04 0.01 0.05 -.03 0.14 0.06

SubSample 0.08 -0.01 0.02 -.02 .18 .18

Child Age .37** -0.12 -0.06 -0.1 -0.12 -0.06

Average RT -.26** 0.04 0.02 -0.05 0.14 0.14

Error Percent (Err %) -0.02 -.24* -.34* -0.05 -.47** -0.2

Alert Bright(AB) 0.08 -0.06 0.04 -0.1 0.03 0.19

Alert Dim (AD) 0.15 -0.02 0.07 -0.11 -0.11 0.03

Benefit Bright (BB) 0.13 -0.17 -0.23 -0.15 -0.26 -0.24

Benefit Dim (BD) 0.13 0.02 0.04 0.06 0.14 -0.08

Cost Bright (CB) 0 0.1 0.07 0.05 0.12 0.05

Cost Dim (CD) -.17* 0.1 0.12 0.06 0.26 .31*

Child PC left -0.03 0.03 0.13 -0.1 0.16 0.03

Child PC right .17* 0.03 -0.03 -0.03 -0.12 -0.25

Child PC (all) 0.09 0.04 0.08 -0.08 -0.01 -0.15

Child RT left 0.03 -0.06 0.06 -0.06 0.09 0.05

Child RT right 0.13 0.12 0 0.11 -0.06 -0.18

RTall child EM 0.1 0.05 0.03 0.03 0 -0.06

Sleepiness 1 -0.12 -0.15 -0.12 -0.17 -0.11

Reading Percentile (Read %ile) 1 .74** .70** .79** .73**

Lang. Arts Percentile (LA %ile) 1 .60** .77** .66**

Math Percentile (Math %ile) 1 .63** .65**

Science %ile 1 .78**

Social Science  %ile       1
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APPENDIX E 

Sample Science Item from WKCE 

 
 
Sample Language Arts Item from WKCE 

 
Obtained from http://oea.dpi.wi.gov/oea_releaseitems 
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