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Abstract 

Understanding how children perceive the concept of numbers is critical for 

developmental and cognitive psychologists, teachers, and even parents. This study seeks to 

answer whether the specific arrangement of a display affects a preschooler’s ability to 

identify the larger of two numerical displays. Thirty-three boys and girls with a mean age of 

4 years old currently enrolled in pre-school participated in the study. Participants were shown 

pairs of arrays that were composed of either: individual petals in both arrays, petals grouped 

into flowers with both arrays having the same number of flowers, or petals grouped into 

flowers with both arrays having a different number of flowers. Participants were asked to 

identify which had the most petals. It was expected that as the complexity of the arrays 

increased, preschoolers’ ability to correctly identify the most numerous display would 

decrease. It was also expected that the size of the petals would have a stronger effect than the 

composition of the petals on proportion correct. There were no main effects for petal 

composition, number, age, or gender. There was a significant main effect for petal size and 

for age. This is consistent with prior research that children in this age range are in a 

preoperational stage of cognition and cannot easily process concepts they cannot see or 

touch. There was a significant interaction between petal composition and number and 

between petal composition and petal size. There was a significant three-way interaction 

among number, gender, and age and among petal composition, number, and age. There was 

also a four-way interaction among petal composition, size, gender, and age. Possible future 

studies could investigate the effects of item composition on elementary school children.   
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Preschoolers’ Perception of Numerical Displays 

For decades, psychologists have studied how people interpret numerosities. Every 

day, adults and children alike make estimations about various items. How many books are on 

a shelf, eggs are in a carton, toys are in a box, or cookies are on a plate are instances where 

people look at something and attempt to guess how many there are without having to actually 

count each one. Do our minds have shortcuts for these kinds of tasks that we are unaware of, 

and if so, do children use the same ones? 

Although both counting and estimating are related to perception of numerical 

arrangements, each requires different cognitive processes. Accurately counting items in a set 

requires the language to label each item and an understanding of one-to-one correspondence, 

while estimating does not. Preschoolers may be in the midst of developing one-to-one 

correspondence and mastering their language abilities to label a set and its items; however, 

these are not required in estimation tasks. Despite the fact that young children and 

preschoolers may not be able to verbalize or articulate numerical concepts, they already have 

a solid understanding of numerosity and quantity (Duffy, Huttenlocher, Levine, and Duffy 

2005) 

Neuroimaging and Numerosity 

Numerous studies have concluded that the human brain is specially lateralized for 

different processes such as language and creativity. Piazza, Mechelli, Price, and Butterworth 

(2006) examined brain activity in adults during numerical judgments using fMRI. They 

looked at neural brain activity in adults during counting tasks and compared them to 

estimation tasks. Visual and auditory stimuli were used to see if mode of presentation 

affected neural brain activity as well. Piazza et al. found that estimation tasks activate the 
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cortical network in the right lateral fronto-parietal area, while counting tasks activate 

additional left prefrontal, parietal, and bilateral premotor areas. These differences are 

independent of mode of stimulus presentation. Therefore, estimation, which is used in 

judging numerosities activates different brain areas than counting tasks. This means that 

before children master counting, they may already have a foundation of numerosity and 

abilities in estimation. 

In line with the idea of brain lateralization and specialization, Ansari, Dhital, and 

Siong (2006) found supporting evidence that the intraparietal sulcus (IPS) is related to 

numerical experiences. Participants’ neural brain activity was monitored using fMRI, while 

they passively viewed differing sets of numerical displays. Simply viewing sets of 

numerosities activates the IPS. This is an interesting finding because their procedure did not 

require participants to estimate, count, compare, or respond to the arrays.  

Nicholls, Bradshaw, and Mattingley (1999) examined adults’ perceptual judgments of 

asymmetrical displays involving variations in brightness, numerosity, and size. Each 

participant completed three tasks. The Grayscales Task required participants to make a 

judgment of brightness of two luminance gradients. Of the two gradients, one was darker on 

the left and lighter on the right, and the other was darker on the right and lighter on the left.  

The Stars Task required a judgment of numerosity of two arrays of stars. Stars were either 

more dense on the left or on the right. The Shape Task required a judgment of relative size of 

two stimuli. The shapes increased in height from one side to the other. One shape was taller 

on the left and shorter on the right, while the other was taller on the right and shorter on the 

left.  They found that in all three tasks, participants selected the stimulus with the appropriate 

feature (darker, contained more stars, or larger), as the one on the left significantly more than 
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the one on the right. Further, their results of the strong leftward bias, support prior research 

that the right hemisphere is specialized for judgments of brightness, numerosity, and shape 

(Davidoff, 1975, McGlone & Davidson, 1973, Fontenot, 1973) When looking at any given 

array, there are different areas of the brain that are being activated. Depending on the features 

of the array, perception of the array is processed differently. These studies (Piazza et al., 

2006 and Nicholls et al., 1999) support that preverbal infants and preschoolers, even without 

the ability to articulate numerical value, are capable to identify quantitative differences in 

numerical displays. The present study will further examine specific features and their effects 

on children’s perceptions. 

Numerosity Judgment in Children  

In 2006, Brannon et al.’s study (as cited in Feigenson, 2007) examined infants’ 

perceptions of area of a visual stimulus. VanMarle and Wynn (as cited by Feigenson, 2007) 

examined infants’ temporal discrimination. Both used studies habituated infants to an initial  

stimulus then tested using a changed stimulus. Either carton size, tone length, or number of 

tones varied. She noted that six-month-old infants discriminate a 1:2 change in both image 

size and tone duration, but fail to notice a 2:3 difference. Feigenson (2007) paralleled the 

results from these two studies to suggest that the understanding of space, time, and number 

for infants depend on a common cognitive resource. By eight to nine months of age, infants 

generally succeed with 2:3 ratios. In three short months, infants are able to master tasks that 

they previously could not.  This explains that the same cognitive resources are used for all 

three tasks. This is consistent with the notion that space, time, and number share the same 

mental mechanism. This further supports that the brain is constantly developing new ways to 

understand and perceive numerosities, and the world is emerging for infants and children.  
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Like other studies (Ginsburg & DeLuco, 1979), Luwel, Lemaire, and Verschaffel 

(2005) studied differences in numerosity perception across different age groups. Luwel et al. 

examined differences between 3rd graders, 6th graders, and adults in numerosity judgments. 

The stimuli consisted of a black 7 x 7 grid with green squares and a red outline. The number 

of squares that were “on” (green) or “off” (black) varied for each trial. As participants were 

tested individually, they were asked to explain how they judged each grid and which squares 

they were counting. Different strategies were examined and in three conditions, participants 

were either given a choice or not, as to which strategy they would use. In the first condition 

(choice), participants were allowed to judge the numerosity any way they chose to determine 

how many squares were “on”. In the following two conditions, participants were asked to use 

either the Addition strategy or the Subtraction strategy; meaning to count either the “on” 

squares or the “off” squares, respectively. Differences across the age groups in strategy use, 

accuracy, and adaptiveness were recorded and analyzed.  

Not surprisingly, Luwel et al. (2005) found that there was an overall increase in 

accuracy of numerosity judgment in participants from third grade to adult. However, the 

study also found that the changes in accuracy were associated with changes in strategy use in 

numerosity judgment. Third graders used the Addition strategy more often than older 

children and adults. Although the Addition strategy is said to require fewer solution steps and 

fewer cognitive resources because it has one additional step, the Subtraction strategy is 

typically used for large-numerosity problems. All participants used the Addition strategy for 

all of the small-numerosity problems, however, as participant age increased, the Subtraction 

strategy use also increased. Only as children get older, are they able to implement the 

Subtraction strategy when most appropriate (larger numerosities). Interestingly, when third 
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graders were asked to use the Subtraction strategy, even on the large numerosities, they were 

slower in doing so. This could simply be a result of problem difficulty, that third graders 

simply do not have the cognitive resources to execute a problem of this difficulty using the 

Subtraction Strategy. The speed of both strategies and the accuracy of the Subtraction 

strategy improved with age. As participant age increased, response time for both strategies 

increased as well as accuracy of the Subtraction Strategy. The Choice condition allowed 

participants to choose which strategy to implement depending on problem type and their 

preference. Overall, as participant age increased, accuracy increased as well as 

implementation of efficient strategies. The Subtraction strategy is slightly too complex for 

third graders to use efficiently, but sixth graders and adults begin to use and master it. This 

study illustrates the differences in children and adults when faced with numerosity 

judgments. The present study will further investigate exactly what children perceive when 

they are faced with a numerical judgment.  

Piaget (1968) studied how children two to three years evaluate simple numerosities 

and variations in row length. When dots are spread out in a row, children will identify the 

row with the bigger spaces as being more, even when both rows contain the same number of 

dots. If the dots are spaced and consume a greater area of space, children will identify the 

row of dots as more numerous than a row of the same or fewer number of dots that are placed 

closer together. 

Previous research supports that there are differences in the ways children and adults 

perceive numerosities (Luwel et al., 2005, Ginsburg & DeLuco, 1979). As infants grow to 

children, children to adolescents and adolescents to adults, their brains are developing even 

faster than their bodies. Along with the ability to crawl, walk, talk, and drive, their 
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understanding of the world around them is growing exponentially. Experience in the world 

with numbers, space, and depth all contribute to how a numerical display is viewed and 

interpreted. As children get older, they develop more and more cognitive, spatial, and 

mathematical skills to help them understand numerosities.  

Duffy, Huttenlocher, Levine, and Duffy (2005) examined how infants encode spatial 

extent in order to determine if they encode the absolute size of objects, or simply the relation 

between objects’ size. Six-and-a-half-month-old infants were habituated using dowels within 

a container. The test item was either a larger dowel and a larger container (same-ratio 

condition) or simply a larger container with the same-sized dowel (same-extent condition). 

Infants’ gaze was observed, and Duffy et al. (2005) looked at whether infants dishabituate to 

absolute size of an object or an object’s size in relation to another object. The findings 

suggest that infants are not sensitive to changes in absolute size of the dowel or container 

when the relation between the two is held constant. When the relation between the dowel and 

container changed, the infants in the same-extent (different ratio of dowel size to container 

size) condition dishabituated when the novel item appeared. This indicates that infants are 

sensitive to relational changes between objects. This is a clear example of how infants see 

and understand things differently than adults. Absolute size is something that adults generally 

notice and understand as a change. If relational changes in size matter to infants, perhaps size 

is an important factor for children when comparing two items. 

Factors Affecting Adult Perception of Numerosity 

Allik and Tuulmets (1991) investigated how adults perceive numerosities. There were 

four different types of patterns. The Random process placed dots randomly. The Inhibition 

process limited how close any two dots could be to one another. The Satellite process placed 
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dots randomly, but in pairs rather than individually spaced out. The Lattice process spaced 

out the dots according to an imaginary grid placed over the array. Participants were shown 

two patterns and asked to identify the more numerous display. Their results support the 

Occupancy Model which explains that although each dot only takes up a small physical area, 

the dot appears to occupy the space around it. They further explained that the space extends 

in a circular formation around the dot at a given radius. When two dots are placed closer 

together, these two spaces overlap, reducing the total perceived area that the dots consume. 

When two dots are placed far away from each other, not permitting these two areas to 

overlap, the area of space that the dots take up is maximized. The Occupancy Model 

discussed by Allik and Tuulments (1991) concludes that when dots are placed closer together 

in a given array, they will be perceived as consuming less area and therefore be identified as 

less numerous. In addition, the model adds that dots placed further away from each other will 

be perceived as filling more space and therefore be identified as more numerous. 

A study by Green (1997) examined which features of a numerical display an adult 

will tend to focus on while viewing different arrays repeatedly. In his first experiment, he 

was able to determine that people were counting the stimuli (wine bottles) in the first two 

sessions and by the third session, had begun responding automatically. These subjects 

showed memorization of specific patterns. His second experiment varied the stimuli by using 

items such as bunnies, cameras, and toasters instead of wine bottles. His intent was to 

determine if the identity of the items were a significant factor in determining numerosity, or 

just the placement of the item. Similar patterns of counting and automatic answering were 

found in both experiments; however reaction time in experiment 2 was less. This suggests 

that there was greater learning in experiment 2 than in experiment 1 because subjects were 
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able to answer accurately but in less time. Participants had realized that item identity was not 

an important factor and began simply looking at the patterns to determine numerosity. At 

different times, there are different features of an array that are focused on. The present study 

looks at specific features of array for preschoolers.  

Allik and Tuulments (1993) continued their work with numerosities looking 

specifically at arrangements and their spatiotemporal properties. In five experiments, the 

researchers used moving arrays of dots while testing adults. Duration, luminance, and 

placement of dots were examined fully in each of these experiments using a comparative 

method. Many similarities were found in participants’ responses to the moving arrays as 

previously found with non-moving arrays (Allik & Tuulments, 1991). When duration of 

exposure was manipulated, briefer exposure times were correlated with underestimation of 

arrays, while longer exposure times were related to overestimation of numerical arrays. 

Length of exposure effects how arrays are perceived. A follow-up experiment found that 

regardless of duration, luminance had a stronger effect on perception of numerosity. Allik 

and Tuulments (1993) found that spatial and temporal placement are significant factors when 

examining the perception of numerosities. 

Sophian and Chu (2008) tested college students using triangles and crescents in 

spatial arrays. They tested whether open space within or around the corners of a display 

would affect participants’ responses. Participants were significantly more accurate in 

identifying the numerosity with the most items when it filled the page more completely than 

the array with the open spaces around the array. Shape was also examined and participants 

were significantly better at identifying the more numerous display when the more numerous 

array consisted of triangles and the less numerous array consisted of crescents. This shows 
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that spacing between items in the array and item shape are important factors in determining 

numerosity. Shape of individual item is also important.  

Arrangement of Items Affecting Numerosity  

The regular-random numerosity illusion (RRNI) shows that regularly arranged 

patterns tend to be perceived as more numerous than randomly arranged patterns with the 

same physical number of items. Studies of the RRNI by Cousins and Ginsburg (1983) 

showed that even when adult participants were presented with stimuli that oppose the RRNI 

prior to the test stimuli, participants still respond in accordance to the RRNI. Since Ginsburg 

and Deluco (1979) discovered that the prevalence of the RRNI increased with age, Cousins 

and Ginsburg (1983) stated that further conclusions about the RRNI could be made only after 

more extensive testing, especially with younger participants, who may not have positive 

illusion yet. Testing children before they answer in accordance with the RRNI can allow for 

better understanding of when it emerges and what cognitive functions are maturing 

simultaneously.  

Ginsburg (1980) examined two variables that were not previously controlled for in 

testing the RRNI. His study used sixteen psychology students to test whether total area 

covered by the entire pattern, or overall shape of the pattern were significant factors in the 

emergence of the RRNI. This is important because this allows results to be credited to the 

RRNI as opposed to extraneous factors like area and shape. In previous studies, the 

irregularly placed dots (or items) tended to consume less area of the page when compared to 

an evenly spaced regular pattern. Also, previous studies arranged regular and random 

displays in a circular shape. Measures were taken to control for area, and dots were placed in 

a generally rectangular array across the page. Ginsburg (1980) found that significantly more 
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participants estimated the regular arrays as being more numerous than the irregular arrays. 

This indicated that area and shape of the pattern are irrelevant when looking at the RRNI. 

This is important because it proves that arrays need not be a certain shape or area of the page 

in order to change the way people interpret the numerosity. 

A study by Ginsburg and DeLuco (1979) examined the RRNI by testing an equal 

number of children from grades 2, 5, and 8, in order to determine if young children respond 

in accordance with the RRNI and if there were any developmental trends. Their results did 

show that overall, a significant number of all participants answered in accordance with the 

RRNI showing presence of the illusion. However, second graders answers correlated with the 

RRNI the same amount that would be answered by chance; this indicated that the RRNI is 

not present. Eighth graders answers significantly correlated with the RRNI, showing 

presence of illusion. It was determined that further testing would be required before deciding 

that the RRNI does not affect second graders. It has been shown that illusion strength is 

stronger when tested with more dots. Perhaps more dots would allow the RRNI to emerge 

among second graders. Also, it is possible that children below second grade would answer 

differently than the second graders. There did appear to be a positive developmental trend of 

increased illusion strength with increased age. This shows that as children are getting older, 

they are perceiving numerosities differently. If we can understand the differences between 

how adults and children perceive numerosities, we can better educate preschoolers and teach 

them about numbers more efficiently. 
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Present Study  

Preschoolers are exposed to various shapes in various sizes on a daily basis. Although 

children are just beginning to count and identify items of different values, they are quite 

successful when identifying which child has the ‘most’ something.  The present study takes a 

closer look at preschoolers and how they perceive numerosities. Surprisingly, preschoolers 

may have greater capabilities in these tasks than generally thought. If we can understand how 

to present preschoolers to numbers in a way they understand best, we can see how much they 

really know. Whether petals are irregularly placed on a page or grouped into flowers may 

affect which array 4-year-olds will interpret as having the most petals. Petals seen 

individually or in groups(flowers) may change the way children understand amount. No 

research has ever tested petal composition with preschoolers. Perhaps the groups and clusters 

created by flowers indicate more numerous to children. Perhaps the spacing between 

individual petals allows children to estimate numerosity more accurately. This study seeks to 

determine whether specific placement in an arrangement affects a preschooler’s ability to 

identify the larger of two numerosities. If we can being to understand which factors are 

significant when showing a set of countable items to a 4-year-old, we can make adjustments 

in the way we teach kids about numbers and mathematics in order to ensure the optimal level 

of understanding and learning. The conditions of petal composition vary in complexity; it is 

expected that as the complexity of the arrays increase, preschoolers’ ability to correctly 

identify the most numerous display will decrease. 
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Method 

Participants  

Participants were recruited from the campus-affiliated day care center. Thirty-three 

children between the ages of three and five with a mean age of 4-years-old participated in the 

study. There were 21 boys and 12 girls. There were 20 children who were in the 4-years-old 

and older group, these children were between 48- and 62-months-old. There were 13 children 

in the younger than 4-years-old group, these children were between 39- and 47-months-old. 

Children in the two preschool rooms were given a Parental Consent form with all material 

information needed to decide whether or not to have their child participate. The children 

whose parents gave informed consent were invited to participate. Participants and their 

families were thanked for their participation. Children we compensated with stickers 

immediately following participation. 

Materials 

The main stimuli of the present study was comprised of pictures of petals; either 

individual or grouped into flowers created by Adobe Illustrator and printed on 8 ½ x 11 

sheets of paper. Stimuli were presented in a binder format. A rabbit puppet was used as a 

prop to engage the children (see Figure 5). If the child had a special or favorite toy or stuffed 

animal that helped the child feel secure in leaving the classroom, it was welcomed. 

Participants were asked to “Help the Bunny find the Most Petals” Laminated squares with an 

image of a bunny were given to the child (see Figure 4). The child was asked to place their 

bunny on the array which they chose to be the most numerous. Each child went through 48 

experimental trials. After every twelve trials a child was rewarded with a sticker. At the end 
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of all 48 trials, each child got two stickers.  The purpose of this was to maintain the child’s 

interest and encourage the participant to continue. 

 Children were presented with two different arrays of petals at a time. Pairs of arrays 

consisted of either 56 versus 70 petals, or 72 versus 90 petals. There were three main 

compositions for the petals; each pair of arrays fell under one of the three categories of 

composition. The first category was petals only, meaning that both arrays in each pair 

consisted of individual petals (see Figure 1.) The second category was same number flowers 

meaning that both arrays consisted of petals grouped into flowers, where both arrays had the 

same number of flowers, but different number of petals (see Figure 2.) The third and final 

category was different number petals, meaning that both arrays consisted of petals grouped 

into flowers, where both arrays have different number of flowers and different number of 

petals (see Figure 3.) Petals were either 100% or scaled to a smaller 50%. Prior unpublished 

research with adults has shown that there are no main effects for size. However, since 

children this age are in the preoperational stage of cognition, size may have an effect on 

performance. 

Procedure 

Participants first completed a set of six simplified practice trials in order to allow 

them to fully grasp what was asked of them and to become acquainted with how the trials 

will run. The practice trials were simple problems magnifying the differences of size and 

numerosity. Practice trials presented children with less than ten petals in both arrays, and 

were generally one, two, or three flowers. Once a child completed the practice trials error 

free, the experimental trials began.   
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Children were asked to indicate which display had more petals. Children were tested 

individually and each session was about 20 minutes or less. This was a within-subjects 

experiment and each child received stimuli from all 6 experimental conditions. There were 

48 experimental trials. Rather than confirm their answers after each experimental trial, 

general (non-contingent) encouragement was given, such as “Good Job, You’re Doing 

Great” However, during the practice trials, if a child answered incorrectly, a simple “Oops!” 

combined with an explanation, such as “Bunny doesn’t care if the petals are big or small, or 

if there are lots of flowers, Bunny just likes lots of Petals” was used.  Participants went 

through the Practice Trials until their responses were error-free. If they did not complete the 

practice trials error free, after three attempts, the child completed the experimental trials, but 

it was noted on their response sheet. The more numerous display appeared equally on the 

right as the left. If a child began to favor one side over the other, repeatedly for at least 4 

trials, or seemingly not looking at both arrays, he or she was reminded that the more 

numerous display could appear on either side. The terms ‘right’ and ‘left’ were not used, 

rather pointing and saying ‘here or here,” not to confuse the child.  

If a participant displayed difficulty understanding the task, even after repeating the 

practice trials and being reminded of the task, the participant would still go through the trials 

and their response sheet was marked with a supporting description of the remarks and 

behavior during the session. There were only two children who displayed difficulty during 

the practice trials and did not appear to understand when the rules of the game were 

repeatedly explained This information may not provide any statistical facts, but may be 

helpful in understanding children’s level of understanding. 
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Results 

A 3 (Petal composition: same number of flowers, different number of flowers, and no 

flowers) x 2 (Numbers: 56v70, 72v90) x 2 (Petal size: big, small) x 2 (Gender: girls, boys) x 

2 (Age: younger than 4, 4 and older) repeated-measures analysis of variance was run on 

proportion correct. Main effect of petal size was significant.  Main effect of age was 

significant.  Petal composition, numbers, and gender main effects were not significant.  There 

was a significant interaction between petal composition and numbers, F(2,58) = 3.20, p 

=.048, partial η2 = .099.  There was a significant interaction between petal composition and 

petal size, F(2,58) = 3.48, p = .037, partial η2 = .107.  There was a significant three-way 

interaction between numbers, gender, and age, F(1,29) = 8.40, p = .007, partial η2 = .225.  

There was a significant three-way interaction between petal composition, numbers, and age, 

F(2,58) = 3.10, p = .053, partial η2 = .096.  There was a significant four-way interaction 

between petal composition, petal size, gender, and age, F(2,58) = 3.20, p = .048, partial η2 = 

.099.  The significant main effects will be described below.  

Proportion correct was not significantly different among same number of flowers (M 

=.53), different number of flowers(M =.52), and no flowers(M =.55), F(2,58) =.44, p =.647, 

partial η2 = .015. Proportion correct was not significantly different between 56 v. 70 (M 

=.52) and 72 v. 90 (M =.54), F(1,29) = 1.41, p =.245, partial η2 = .046. Proportion correct 

was significantly higher for big petals (M =.61) than small petals (M =.45), F(1,29) = 12.51, 

p =.001, partial η2 = .301.  Proportion correct was not significantly different between girls 

(M = .52) and boys (M = .54), F(1,29) =.66, p =.425, partial η2 = .022.  Proportion correct 

was significantly higher for children 4 and older (M = .57) than children under 4 (M = .49), 

F(1,29) = 5.67, p = .024, partial η2 = .164.   
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Simple main effects and simple pair-wise comparisons were performed on proportion 

correct for the significant two-way and three-way interactions.  There was no significant 

difference among the cells for the petal composition X numbers interaction.  The means (SD) 

of proportion correct are displayed in Table 1.  For the petal composition X petal size 

interaction, the proportion correct for the big petals (M = .62) was significantly higher than 

for the small petals (M = .44) in the same number of flowers condition, p = .004.  The 

proportion correct was also significantly higher for the big petals (M = .63) than for the small 

petals (M = .40) in the different flowers condition, p < .001.  See Table 1.  For the numbers X 

gender X age interaction, proportion correct for the 72v90 numbers condition (M = .62) was 

significantly higher than the 56v70 numbers condition (M = .49) for girls 4-years-old and 

older, p = .006.  See Table 2.  Proportion correct was significantly higher for boys (M = .61) 

than for girls (M = .49) 4-years-old and older for the 56v70 numbers condition, p = .018.  

Proportion correct was significantly higher for 4-year-old boys and older (M = .61) than for 

boys under 4-years-old for 56v70 numbers condition (M = .48), p = .008.  Proportion correct 

was significantly higher for 4-year-old girls and older (M = .62) than for girls under 4-years-

old (M = .47) for the 72v90 numbers condition, p = .028.  For the petal composition X 

numbers X age interaction, the proportion correct was significantly higher for 72v90 

numbers condition (M = .63) than for the 56v70 numbers condition (M = .51) for children 4 

years and older in the different number of flowers condition, p = .010.  See Table 3.  Since 

we did not have prior hypotheses for the four-way interaction, we could not make sense of it 

as it too difficult to interpret with human behavior. 
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Discussion 

There were three main compositions for the petals; each pair of arrays fell under one 

of the three categories of composition. The first category was petals only, meaning that both 

arrays in each pair consisted of individual petals (see Figure 1).  The second category was 

same number flowers meaning that both arrays consisted of petals grouped into flowers, 

where both arrays had the same number of flowers, but different number of petals (see Figure 

2). The third and final category was different number petals, meaning that both arrays 

consisted of petals grouped into flowers, where both arrays have different number of flowers 

and different number of petals (see Figure 3). It was expected that petal composition would 

affect the way preschoolers perceive numerosities. There was no main effect for petal 

composition.   

There are several ways to explain this result. First, it is possible that the children 

tested are still slightly too young to allow this difference to emerge. Perhaps a future study 

could test first through fifth graders and compare those results to preschoolers to possibly 

identify an age at which petal composition begins to matter. Next, due to the large number of 

factors that were counterbalanced, 48 experimental trials were needed. For preschoolers, 48 

trials of the same question can become monotonous. Many children fell into what I will 

describe as a slump, where they repeatedly respond with the same side as being more 

numerous for several trials in a row. This tended to occur at least a third of the way through 

the trials. I suspect this was due to boredom. After about 12 or 15 trials, the child realizes that 

this “game” consists of the same question over and over again.  As they are being prompted 

with pairs of arrays that appear to be strikingly similar to the pair before it, they sometimes 

appeared to be less concerned with getting it right, than getting it done. One child repeatedly 
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labeled the bigger petal array as being more numerous even though it was not, during the 

practice trials. I explained to him the difference and reviewed the practice trials two times all 

the way through. He went on to the experimental trials and after about 30 trials, he said he 

“didn’t want to play anymore”. With more encouragement and added experimenter 

enthusiasm, he finished the 48 trials. After the experiment ended, I was sharing and counting 

stickers with him when I noticed that he did not have one-to-one correspondence. This is an 

important mathematical concept and without one-to-one correspondence, a child cannot even 

properly count five fingers on a hand and identify that there are five fingers. While one-to-

one correspondence is not required for estimation tasks, it is possible that children who have 

one-to-one correspondence are more familiar with numbers and identifying items of various 

amounts. Perhaps this child lost interest because he was unable to process the different 

quantities of items and label them as more or less than another.   

Last, while the Bunny feature of the experiment was very fun and engaging for the 

children, it may also have been distracting for some. Some children enjoyed the bunnies so 

much that they asked to hold and pet the puppet, and others were so excited to stick the 

bunny squares down, that they would place two bunnies on the same array. Other children 

became so fixated on placing their bunny squares that they would place it on the first array 

that came into their view, without even looking at the other side. A possible solution to this 

problem would be to record or monitor the child’s gaze during the procedure and perhaps 

only include trials where the child actually looked at both arrays.  

Although there was no main effect of petal composition, several children responded 

that a particular array was more numerous because it had a lot of “spaces” or “holes”.  This 

could be indicative that children are beginning to think more critically and strategically when 
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evaluating numerosity. One child even explained during the practice trials that “even though 

these are bigger, this one (the other array) has more” however, during the experiment she 

explained that “this one has more because they’re bigger”, at which time I reminded her of 

her previous statement which completely puzzled her. This is important because it can be 

evidence that children are thinking critically about the things they hear and see, and using 

their knowledge about the world around them to help them make better judgments. Even 

though this child understood the correct concept during the simplified practice trials, when 

she was faced with a more complex problem, she immediately referred back to her 

preoperational stage of cognition, which told her that the bigger petals must be more 

numerous. The preoperational stage of cognition, according to Piagetian Theory, spans from 

2- to 7- years old. Children in this stage generally cannot perform mental operations such as 

addition, subtraction, or grouping without performing the task in a tangible or physical way. 

Preoperational preschoolers typically lack conservation, which is the idea that the amount of 

something stays the same regardless of how its container changes. This relates to the present 

study because even though the size (big or small) or composition (flowers or no flowers) is 

changing, the child is still being posed with the question of “which has more petals?” For this 

task, the child must ignore the size of the petals and the composition and focus simply on 

quantity of petals. This requires more cognitive resources than preschoolers have. This is an 

example of how certain physical attributes influence preschoolers’ perceptions of different 

things.  

 There was a main effect for petal size. A significant number of children identified the 

more numerous array as the array with the bigger petals. This supports prior research that 
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preschoolers are in the preoperational stage of cognition preventing them from applying the 

knowledge that bigger does not always mean more numerous.  

 The main effect for age is pretty straightforward and expected. Children 4-years-old 

and older had significantly better accuracy identifying the more numerous array than children 

younger than 4 years. The interaction between size and petal composition shows that children 

identified the more numerous array as the array with big petals only for the same number 

flower, and different number flower conditions, but not the petals only. It is possible that 

when petals are grouped into flowers, the size difference becomes more apparent. In other 

words, the flowers emphasize the petal size (see Table 1). The interaction between number, 

gender, and age states that girls 4-years-old and older did better in the 72 v. 90 number 

condition than in the 56 v. 70 number condition. Basically, for this group of girls, the more 

petals that were displayed, the better the girls’ performance. This is an interesting result 

because both number conditions yield a proportion of .8 and prior research with adults shows 

no discrimination between the two differences. For children 4-years-old and older, boys did 

significantly better in the 56 v. 70 number condition than girls in the same condition. In the 

56 v. 70 number condition, boys 4-years-old and older were more accurate in identifying the 

more numerous array than boys under 4-years-old. In the 72 v. 90 number condition, girls 4-

years-old and older performed better than girls younger than 4-years-old. In other words, 

older girls perform better when there are more petals than when there are fewer overall 

petals. Older girls perform better than younger girls when there are more overall petals. It is 

possible that girls are more sensitive to the amount of items shown and simply perform better 

when more items (petals) are presented. Also, older boys perform better when there are fewer 

overall petals than girls. As previously stated, girls seem to be more sensitive to number and 
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perform better when there are more petals presented. Older boys also perform better than 

younger boys when fewer overall petals are presented. This makes sense developmentally 

since older children would typically perform better than younger children in cognitive tasks 

(see Table 2).  The interaction among petal composition, number, and age shows that overall, 

children 4-years-old and older had better accuracy than children younger than 4-years-old in 

identifying the more numerous array when it was in the 72 v. 90 number condition than in the 

56 v. 70 number condition, but only for the different number flowers condition. This is 

interesting and most likely due to the fact that the more petals that are presented allows 

children to perform better, even though it is a complex task. Children are being asked to 

judge petal quantity, but are shown two sets of different number of flowers. When more 

petals are shown the older children are able to discriminate the quantity difference more 

accurately and therefore do better. A possible reason that this is only for the older children is 

because the younger children probably do not have enough mental capacity to reason and 

weigh all of the differences between the two arrays. 

 The size of the petals overwhelmingly affected children’s performance in the task. 

Understandably, older children performed better than younger children. The there were no 

main effects for gender. However, there was one interaction where boys performed better 

than girls of the same age, but only in the 56 v. 70 number condition. In no condition did the 

girls do better than the boys (see table 2). Girls generally perform better when there are more 

overall petals shown. Boys generally do better when fewer petals are shown. The interactions 

among number, gender, and age are very intriguing and perhaps further studies could 

investigate the difference of item number, or proportional differences between the two arrays 

over different ages and genders.  
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 The present study, as well as countless others strongly prove that children of all ages 

perceive numerosities differently than adults. Continued research in cognitive development 

and numerical abilities will open a window to parents, teachers, and developmental 

psychologists to the world of numbers for children. 
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Figure 1.  Example of petal only pair of arrays. The left shows 56 big petals, the right shows 

70 small petals. 

 
 

  
 
 
Figure 2.  Example of same number flower arrays. The left shows 16 flowers with 56 big 

petals, the right shows 16 flowers with 70 small petals. 
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Figure 3.  Example of different number flower pair of arrays. The left shows 16 flowers with 

72 small petals, the right shows 20 flowers with 90 big petals.  

 

 

                 

 

 

 

Figure 4. The Bunny Squares were approximately 3 x 2 inches. They were printed in color 

ink and laminated. Double-sided tape was placed on the back of them to adhere to the petal 

sheets. 
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Figure 5. An image of the bunny puppet that was used.  
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Table 1 
 
Means (SD) of Proportion Correct for the Petal Composition and Number Interaction and 
the Petal Composition and Size Interaction** 
 

Petal Composition 

Number Same number of flowers Different number of flowers          Petals only  
 
56 v 70  .55 (.28)    .48 (.24)   .53 (.31)
           
72 v 90  .51 (.26)   .56 (.23)   .56 (.26) 

Size_______________________________________________________________________
             
Small petals  *.44 (.29)   *.40 (.23)   .51 (.29) 
 
Big petals  *.62 (.25)   *.63 (.23)   .58 (.29) 
 
* The mean difference is significant at the .05 level. 
**Adjustment for multiple comparisons: Bonferroni.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Preschoolers and Numerosity     32       

 

 

Table 2 
 
Means (SD) of Proportion Correct for Number X Gender X Age Interaction**         
___________________________________________________________________________ 

Age 
 
Number  younger than 4-years-old  4-years-old and older 

 
Girls 

 
56 v 70   .49 (.23)     *.49 (.29)  
         
72 v 90   *.47 (.22)    *.62 (.29)   

                   Boys          _ 
 

56 v 70   *.48 (.26)    *.61 (.25)   
 
72 v 90   .53 (.22)    .56 (.24)   
 
* The mean difference is significant at the .05 level. 
**Adjustment for multiple comparisons: Bonferroni.  
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Table 3 
 
Means (SD) of Proportion Correct for Petal Composition X Number X Age Interaction  
___________________________________________________________________________       

 
Petal Composition 

 
Number Same number of flowers Different number of flowers          Petals only 

 
Younger than 4-years-old 

 
56 v 70  .56 (.26)    .44 (.19)   .46 (.31)
           
72 v 90  .47 (.21)   .49 (.19)   .53 (.29) 
 
                  4-years-old and older     ___ 
 
56 v 70  .53 (.29)   *.51 (.25)   .61 (.30) 
 
72 v 90  .56 (.28)   *.63 (.24)   .58 (.25) 
 
* The mean difference is significant at the .05 level. 
**Adjustment for multiple comparisons: Bonferroni.  
 
 
 


