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Abstract

This cross-sectional study investigated the development of attention in infants, and the relationship between attention state and distraction latency at 12 and 24 months of age. Seven 12-month olds and seven 24-month olds participated in a distractibility task involving play with novel toys while periodic audio-visual distractors were presented in their periphery. The results found evidence of an overall main effect of attention state on distraction latency. There was a significant interaction between the target toy used and resulting distraction latencies within the sample of 24-month olds. The latency to distraction was shortest when participants were engaged in casual attention toward the target toys across the entire sample. Finally, the results suggest that the ability to allocate attention and ignore distractions improves with age.
Attention and Distractibility in Infancy and Toddlerhood


Attention and the ability to control and prioritize what to focus on is one of the most fundamental and significant skills that begin to develop during infancy and early childhood. (Kannass, Oakes, & Shaddy, 2006).  Given that infants have such limited linguistic and motor abilities, their primary mode of learning about the environment occurs through visual attention. Consequently, learning about objects and events in the visual world would not be nearly as effective without the development of attention (Kannass et al., 2006). For instance, an infant typically remains engaged with an initial novel object or event until a distractor (e.g. a person walking into the room, a telephone ringing or another nearby item that comes into view) is presented and suddenly the infant’s attention is drawn away from that preliminary object. The significance of attention allocation is evidenced by Oakes, Kannass and Shaddy’s (2002) remark that it is worthwhile in some cases to be reoriented in order to avoid getting “stuck” on a single object of interest, but constant reorientation would make it exceptionally difficult to learn about a single object or event. The ability to balance the maintenance of attention with shifts in attention is an imperative development and it improves as infants age (Tellinghuisen & Oakes, 1997).
According to Ruff and Rothbart (1996) “infants are selective in their attention from the first day of life” and actually spend varying amounts of time concentrating on “different aspects of pictures, objects, and events as they develop” (Fantz, 1961 as cited in Ruff & Rothbart, 1996).  In the early months of infancy, factors such as size, complexity, brightness and color tend to catch the attention of infants and affect latency to look at peripheral stimuli (Oakes et al., 2002). By the time an infant reaches two months of age, attention begins to be determined less by the intensity of the stimulation and more by aspects such as pattern or form (Ruff & Rothbart, 1996).  As development further continues throughout the first year of life, the novelty of an object begins to weigh heavily on the amount of attention dedicated by the infant while selectivity undergoes changes as the ability to grasp, reach for, and manipulate objects improves – changes that characterize what is called the orienting/investigative system that emerges within the first couple months of life (Ruff & Rothbart, 1996). Early on in infancy, attention is controlled more so by exogenous factors than endogenous ones, but later in the first year of life when attentional control becomes more dominant, infants begin to display more endogenous control over their attention. Exogenous factors are generally characterized by the characteristics of an initial target of attention and any distracting stimuli while endogenous factors include such influences as the infant’s internal state, motivation, and goals (Oakes et al, 2002). This shift can be attributed in part to the rapid rate of neurological development seen during this developmental stage. Ruff and Rothbart (1996) make note that the parietal cortex and temporal cortex are home to a spatial orienting network and an object recognition pathway, respectively, which become fully functional during the first year of life – these systems may play a role in the “extensive visual and manipulative exploration of the environment so characteristic of infants.” Additionally, developmental advances in frontal lobe functioning allow for more refined control of attentional actions including goal-directed behavior and inhibiting responses to stimuli (Diamond, 1991). 


There are a number of factors that affect the ability of an infant to maintain attention in settings where there is competition between an initial object and the presentation of distracting events. Generally speaking, stimuli with abrupt onsets have a high tendency to capture attention (Jonides, 1981) but the infant’s state and level of attention as well as the characteristics of the distractor must also be taken into consideration as they each play a role in attention allocation and distraction latencies. Based on research conducted with adults, Duncan (1996) proposed that stimuli compete for attention based on the physical salience of the object and its relevance for behavioral goals.  What this implies for infants is that “the initial target and the distractor will compete for attention on the basis of both their physical characteristics and their relevance for the infant's current behavior” (Tellinghuisen, Oakes, & Tjebkes, 1999). This a reflection of the interplay between endogenous and exogenous factors in attention allocation.  
The study of attention allocation and distraction in infancy and early childhood typically involves creating a competitive context where the child is presented with an initial novel object to explore while a distractor is presented in the periphery. Distraction latency is measured as the amount of time between the onset of the distractor and the moment at which the infant turns away from the initial target toward the distractor (Tellinghuisen et al., 1999).  Similarly, when distractibility tasks are used to assess these measures, the child is presented with a target stimulus to explore while a distracting event is presented intermittently in the periphery.  Measures of how quickly the infants orient their attention to the distractors (if they do at all) are recorded (Kannass et al., 2006).  Using distractibility tasks as a method of studying attention has not only proven to be useful for validating measures of attentional engagement but also for studying the developing ability to manage attention in complex environments (Ruff, Capozzoli & Saltarelli, 1996). Studying the interactions between distractor presentations and resulting behavior makes it possible to “ask how quickly attention and activity recover from the interruption” and “look for other signs of interference with attention and activity” when there is no overt interruption in initial behaviors (Ruff et al., 1996). Multiple object free play tasks are another method for measuring distraction latency in infants. This procedure involves the presentation of several objects simultaneously so that as the infants explores one particular object, the surrounding ones act as distractors which allows the experimenter to observe the duration and number of shifts in attention  (Kannass et al., 2006). Other methods of studying attention include observing facial expressions and various physiological reactions such as heart rate, respiratory sinus arrhythmia, adrenocortical activity and neurotransmitter activity (Ruff & Rothbart, 1996).

Tellinghuisen et al. (1999) found that when 7-month infants were in a focused attentional state (engaged in concentration and active learning), distractors needed to be much more substantial in order to cause a shift in attention. When infants are in a focused attentional state in relation to an initial target, they may be biased against responding to distracting events because of their active processing of that target. On the other hand, directing casual attention (looking at an object but not engaging in active learning) toward an initial target increases the likelihood that a less salient distractor will capture attention because the infant is not as strongly enraptured by that initial target. A similar study conducted by Ruff, Capozzoli and Saltarelli (1996) looked at attention and distractibility in thirty-two 10-month-old infants, where half of the subjects were exposed to unpredictable auditory and visual distractors (distractor condition) while playing with some target toys. The results of this experiment saw that when the infants were engaged in focused attention to novel toys the likelihood that they would respond to the distractors in their periphery was lower than when they casually looked at the toys. Additionally, infants displaying focused attention took more time to turn away from the target toys, spent less time looking at the distractors and were more likely to turn their attention back to the target toys faster than the infants who were not exposed to the above mentioned distractor conditions.

Given the aforementioned transition from an attention system that is influenced by the novelty of objects and events to one that is self-generated and goal-oriented within the first couple years of life (Ruff & Rothbart, 1996), some researchers have hypothesized that important parts of that shift should take place around 12 months of age given that children are better able to habituate to novel objects and novelty becomes less of a driving force for capturing attention (Ruff & Capozzoli, 2003).
The motivation for this study is based on the expectation to see developmental changes in the nature of attention as children age. The development of the orienting/investigative system with the first year of life encompasses exploratory activity and encounters with novel objects. At around 18 months of age, a second system featuring higher level processes that are integral for more voluntary control of attention begin to take hold and continue to develop through the preschool years (Ruff & Rothbart, 1996). Furthermore, after the development of this second system, children are better able to manage the competition between distractors and the events and/or objects of interest to them. The first of two major hypotheses for this study states that 24-month old toddlers will exhibit a more refined control of their attention to an initial target toy then 12-month old infants, as should be evidenced by the distraction latencies for the 24-month olds being lower than those for the 12-month infants. The second hypothesis for this study is that the state of attention at the onset of a distractor will predict outcomes for distraction latency. This notion is based on previous findings that children are less distractible during periods of focused attention and more so during casual attention, and that the state of attention plays a role in responsiveness to events other than target toys (Ruff et al, 1996).
Method
Participants

Participants were 14 infants and toddlers (6 males and 8 females) from the Ithaca, New York area. The total sample of participants was 79% Non-Hispanic White/Caucasian, 7% Hispanic, and 14% mixed ethnicity. Seven of the subjects were aged 12 months (M = 53.14 weeks, SD = 1.95 weeks) and the remaining seven subjects were aged 24 months (M = 105.86 weeks, SD = 2.41 weeks). 

Information comprised of the subjects’ names, birthdates and home addresses were obtained from a local hospital’s birth records.  Parents received letters in the mail that described the purpose of the study and were contacted by telephone two to three days after the letters were mailed to schedule an appointment to participate if they consented. The parents of the participants were not compensated for their time, but the children received a t-shirt, bib and/or small toy at the end of the visit. 

Apparatus


Testing took place in a room measuring 2.2 by 2.64 meters that contained three 20 inch Dell flat screen monitors that were placed on a table 76 cm from the floor and behind a black wooden framework that obscured all but the monitors’ inset screen. Only the leftmost monitor was used in this experiment and was distanced 210 cm and at a 45o angle to the left of the participant’s midline. A Canon video camera was placed on a tripod 150 cm from the participant’s midline in order to record the subject’s behavior for later coding and review. An additional Panasonic camera was positioned underneath the center monitor, and was connected to a Panasonic television in the adjacent control room so that a second experimenter could monitor and initiate each trial at the appropriate time. The experimenter situated in the control room utilized a stopwatch to keep time before pressing keys on a Macintosh G4 computer to start each distractor movie. The Habit 2000 computer program (Cohen, Atkinson, & Chaput, 2000) was also used by the control room experimenter in order to set up and present the order of distractor movies shown for each trial.
Stimuli


Two types of stimuli (toys and distractor clips) were used in order to assess attention and distraction latency. A total of four different toys (two per age group) were used as initial targets to engage attention throughout the course of distractor clip presentations and were affixed to the tabletop with suction cups. Additionally, the toys were placed 45o to the right of the participant’s midline and 13cm from the edge of the table closest to the participant. The two toys that were used with the sample of 12 month olds included a Fisher Price© Sesame Street Pop-Up Pals toy, and an Infantino Discovery Bunny (see Appendix A). The sample of 24 months olds received a Fisher Price© Fun 2 Imagine Cash Register and a Fisher Price© Laugh & Learn™ Learning Toolbench™ (see Appendix B). While the toys for each age group were developmentally appropriate, each one was multi-colored and had different features for manipulation. The first 12 month old participant received the Infantino Discovery Bunny during the first distractor movie trial, and the Fisher Price© Sesame Street Pop-Up Pals during the second trial; this order of toy receipt alternated for each subsequent 12 month old subject. Similarly, the first 24 month participant received the Fisher Price© Fun 2 Imagine Cash Register during the first distractor movie and the Fisher Price© Laugh & Learn™ Learning Toolbench™ during the second distractor movie trial. Likewise, the order of toy receipt alternated for each subsequent 24 month old subject.


The distractor stimuli consisted of 14 distinct audio-visual distractor clips that were each 7 seconds in length. These 14 clips consisted of two types of attention getters, two distinct pairs of female college students arguing, two different phones ringing, two different babies playing, two distinct chaotic classroom scenes, two distinct scenes from the television show Sesame Street, and two distinct scenes featuring frogs croaking. The 14 distractor clips were divided into two “movies” comprised of seven distractor clips in randomized order with alternating black-screen clips that lasted 5, 10, 15, 20, 25, and 30 seconds. Each distractor movie also featured 15 seconds of “dead air” black-screen prior to the start of the first distractor clip. The order of black-screen presentations were also randomized so that no two subjects within each age group saw the same order of alternating distractor clips and black-screen presentations.

Procedure

The methodology for this experiment was modeled after the procedure, apparatus, and coding for the distractibility task used in Oakes, Kannass and Shaddy (2002) and Kannass, Oakes and Shaddy (2006).Each subject was tested individually and seated at a child-sized table measuring 91.44 cm by 61 cm. The child sat at the midpoint of the long side of the table facing the Canon video camera. The parent sat slightly behind and to the right of the child while the experimenter sat to the right and in front of the child – both parent and experimenter sat along the short edge of the table.

Parents were instructed prior to being escorted into the testing room not to interact with their child during the course of the two trials. Once the parent and child were situated in their designated seats, the experimenter walked toward the wooden framework containing the Dell monitors, reached behind to pick up the first initial target toy, lifted the toy so that the child could see the object and said, “[infants name], look at this!” The experimenter then walked back to the table, sat in her seat, and affixed the toy to the tabletop while simultaneously asking, “Can you play this?” Once the toy was attached to the table, the experimenter briefly manipulated the toy before allowing the child to freely play with the object. 

Meanwhile, in the adjacent control room, a second experimenter (watching the testing room events on the Panasonic TV monitor) started a stop watch at the precise moment the experimenter in the testing room affixed the first toy to the table top. After approximately 30 seconds, the control room experimenter pressed a key on the Macintosh G4 keyboard which initiated the start of the first distractor movie. This allowed each child a total of 45 seconds (30 seconds plus the 15 seconds of black-screen contained in each movie that preceded the first distractor clip) to play with the toy before the first distractor clip in the movie appeared on the monitor.

Once the first distractor movie was completed, the testing room experimenter said to the child, “That was fun! Now let’s play with a new toy!” Following this statement, the experimenter rose and approached the wooden framework for a second time, reached behind to pick up the second target toy, lifted it into the child’s view and said, “[infants name], look at this!” The experimenter walked back to the table, sat in her seat, and swapped the first target toy with the second target toy (placing the initial target toy underneath the table and out of view). Once again, the experimenter affixed the second target toy to the tabletop while asking the child, “Can you play with this?” and manipulating it briefly. The child was then allowed to freely explore the toy.

Just as in the first trial, the experimenter in the control room observed the interactions taking place in the testing room via the TV and measured 30 seconds of time with a stop watch before pressing a key on the Macintosh G4 to initiate the second distractor movie. At the end of the second trial, the experimenter in the testing room said to child, “Good job! That was fun! But now its time to go,” and escorted the parent and child out of the room.

Throughout the course of both trials, interactions between the parent and experimenter with the child were kept to a minimum. The experimenter who was stationed in the testing room only interacted with the child in an effort to redirect the child’s attention if they had ignored the toy for 30 seconds or more (e.g. briefly manipulating the toy until the child directed their attention to it again).

Coding


Each videotaped session was transferred onto a Macintosh G4 computer and converted into QuickTime® digital movies. These movies were then burned onto discs and each session was coded offline using the program SuperCoder (Holich, 2005). This software allows for frame-by-frame analysis of the child’s looking behavior at 29.9 frames per second.  The following variables of importance were gathered from the first round of coding:

(i) Distractor clip onset and completion: The exact time at which each distractor first appeared on the screen and ended.

(ii) Looks to Distractor: The frequency and duration of looks at each distractor

(iii) Looks to Toy: The frequency and duration of looks at the target toy.

(iv) Distraction Latency: Duration of time between the onset of each distractor clip and the child’s initial fixation to the image presented.

A second round of coding involved watching each session and determining the attention state at the onset of each distractor clip. More specifically, the attention state was to be characterized as either focused attention, casual attention, look other, or error. A number of facial and behavioral cues, gaze direction, toy manipulation and a set of established definitions for each state (Kannass et al., 2006) were employed to aid in deciding the attention state at the onset of each distractor. The definitions are outlined below:

(i) 
Focused attention: The child must be looking at the toy and engaged in active 


learning. The child may also show a slowing of movement, a concentrated look, 


constant gaze. 

(ii) Casual attention: The child must be looking at the toy but is not engaged in active

learning. Rather than appearing concentrated on the toy, the child is getting an 

overall view.

(iii) Look other: The child is looking at something other than the toy (e.g. the experimenter, parent, video monitor) during the time the distractor clip is in view

(iv) Error: The experimenter or parent is interacting with the child and/or the toy; the toy has fallen off of the table during the distractor presentation.

Results

The report of results obtained from this experiment is organized into two main sections. The first section relays the general effects of age and attention state at the distractor onset on distraction latency across the two age groups in question. The second section details the within-subject analyses for each age group regarding the effects of attention state at the distractor onset and initial target toy on distraction latency.

Effects of Age and Attention State on Distraction Latency Across Both Age Groups

A 2 (Age) x 4 (Attention State) mixed-model ANOVA was conducted in order to evaluate the effects of age and attention state at the onset of each distractor on the overall distraction latencies obtained across all the of the subjects tested. There was a significant main effect of attention state, F(3, 188) = 2.90, p < .05, but not for age F(1, 188), p = ns. On average, all of the participants in this study exhibited the shortest distraction latency when they were engaged in casual attention toward the target toys (See table 1). 

Effects of Toy Presented on Attention State and Distraction Latency in 12-Month Infants and 24-Month Toddlers


Each age group was analyzed separately because of the use of distinct toys for the 12-month olds and 24-month olds. There was also a significant effect of the type of toy used in the 24 month sample on the distraction latency, F (1, 93) = 9.51, p < .05, but not in the group of 12 month infants (see figure 1). The interaction between toy type and distraction latency in the 24-month sample was followed up with an analysis of each distractor onset attention state (focused, casual, look other, and error) and the resulting distraction latencies. This was taken on because the determination of each attention state was a product of the type of attention allocated to each toy. Three separate ANOVA analyses comparing casual attention versus look other, casual attention versus focused attention, and casual versus error were conducted for the group of toddlers. The results of those analyses indicated that distraction latency was significantly higher for casual attention than look other [F (1, 51) = 4.41, p < 0.5], focused attention [F (1, 71.94) = 16.39, p < 0.01], and error looks [F (1, 41) = 12.70, p < 0.05]. No significant differences in distraction latency between look other, focused, and error attention states were found.

Discussion


The present study examined the relationship between age and distraction latency in order to gain insight into the extent of the development of attentional control at 12 and 24 months of age. The effects of attention state at the onset of the distractors presented was also studied in an effort to learn whether that particular attentional focus would go on to predict distraction latency. It was hypothesized that 24-month old toddlers would exhibit more control over their attention to the target toys presented in comparison to the younger group of 12-month olds. A second hypothesis was also made regarding the predictability of distraction latency based on the child’s attentional state at each distractor onset.


The results of this study found a significant overall main effect of attentional state at distractor onset on distraction latency, which supported the second hypothesis made for this experiment. The results did not find a significant main effect of age on distraction latency (a result that was unexpected given the initial hypothesis that such a relationship would exist) and it turned out that both 12 and 24-month olds performed similarly in regard to their attention state and resulting distraction latency, with the highest distraction latencies occurring when the children were casually focused on the target toys (see Table 1). 

Subsequent analyses of the significant relationships within the 24-month sample revealed main effects of toy type (see Figure 1) and attentional state at the distractor onsets. While the same cannot be said of the 12-month sample, these findings can be partially answered by Ruff and Rothbart’s (1996) model of two attention systems and their explanation that higher level’s of attentional control emerge and increasingly develop after 18 months of age. The predictable performance of the 24-month olds is supported by the notion that their attentional control is more refined than that of the younger comparison group. The allocation of casual attention exhibited by the 24-month toddlers and resulting distraction latencies was found to be significantly different from each of the other categories of attention state (focused, look other and error) which further supports the concept of higher level processes of attention becoming more attuned at around 24 months of age. It appears that the route to achieving focused attention is quite different in infants and children and reflects a change in the systems governing attention - the 12-month olds exhibiting more influence from the orienting/investigative and the 24-months olds driven more by self-directed and goal-oriented attention (Ruff and Rothbart, 1996; Kannass et al, 2006).

It is not entirely understood why there was a significant effect of toy type on distraction latency amongst the 24-month toddlers and not within the 12-month infants. The 24-months olds exhibited the shortest distraction latencies when engaged with the Fisher Price© Laugh & Learn™ Learning Toolbench™ compared to the Fisher Price© Fun 2 Imagine Cash Register. In their study of the effects of endogenous and exogenous influences on infants’ attention allocation, Oakes et al. (2002) used different toys for the two age groups that were studied, and while the toys were presumably developmentally appropriate, they saw that this also presented a confounding situation where the developmental differences that were observed might have been due to the “interestingness” of the toys. The insignificant relationship between toy type and distraction latency in the 12-month sample of this experiment might relate to this viewpoint presented by Oakes et al, and it may very well be that the infants did not really find either the Fisher Price© Sesame Street Pop-Up Pals or Infantino Discovery Bunny to be overwhelmingly interesting – a factor which could also have contributed to the variability of results within this sample.

The implications of this study’s results support the findings of previous research regarding the transition from a system of attention that is more responsive to novelty and exogenous characteristics of a stimulus, to one that is guided by goal-oriented attention. Nonetheless, more research is needed to hone in on the changes that occur in the time between 12 and 24 months of age. Because this study was cross-sectional in nature, it was only possible to examine patterns that underlie attentional control at each age level. The extent of the improvement of attentional control in the span of time between the first and second year of life is not entirely known. 

There are a couple of potential confounds that may serve to explain why there was more variability and less predictability in the distraction latencies of the 12-month infants across the four types of attention states. The first is the use of different toys for each age group and a potential lack of interest in the toys used for the 12-month infants. A second confound may have stemmed from habituation to the distractibility task on the part of the infants, as evidenced by the presence of less predictable outcomes of distraction latency in conjunction with a lesser interest in the toys. As aforementioned, the orienting/investigative attention system is active in the first year of life and is seen most often during exploratory play and encounters with novel stimuli. This system also habituates rapidly during this time period (Ruff & Rothbart, 1996). Therefore, it is possible that across the two trials (despite the introduction of two different novel toys and viewing 14 different distractor clips) the infants were more likely to habituate to all of the events occurring whether they were target toys or distractors, given that attention in the first year of life so contingent on novelty and habituation. 


The present study was limited by the use of a small sample size of only 14 subjects, with seven participants within each age classification. The results garnered from this experiment, while in support of previous research findings, is not generalizable to the wider population of 12 and 24-month olds because of this factor. The categorization of the four attention states assessed in this study was limited by the subjective nature of coding such conditions. An added factor in this limitation surrounds the fact that despite having outlined definitions of the cues that compose each state, reliabilities could not be obtained for the designation of each attentional state because one individual undertook the task of coding that behavior. If this study is to be replicated or modified in the future, a wider sample of subjects should be recruited and reliabilities must be obtained at each level of coding.
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Appendix

A) Toys Utilized in Sample of 12 Month Olds

a. Fisher Price© Sesame Street Pop-Up Pals 

b. Infantino Discovery Bunny

B) Toys Utilized in Sample of 24 Month Olds

a. Fisher Price© Fun 2 Imagine Cash Register 

b. Fisher Price© Laugh & Learn™ Learning Toolbench™
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Table 1

	Mean Distraction Latencies

	
	Mean distraction latency 
	
	Standard deviation

	Attention State at Distractor Onset
	12 Month
	24 Month
	
	12 Month
	24 Month

	Casual
	697.06
	633.06
	
	319.48
	395.35

	Focused
	1022.21
	1264.58
	
	1109.07
	1340.85

	Look Other
	952.60
	1078.60
	
	912.37
	1521.62

	Error
	1103.68
	1549.61
	
	1002.79
	1084.08


Note: Mean distraction latency values denote milliseconds.

p < .05

Figure Captions
Figure 1. Mean distraction latency as a function of age and toy
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