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Abstract

In this study, 244 children (average age: 61 months) and their parents from 
the Dallas and Fort Worth metroplex area in Texas were surveyed to 
investigate children’s proficiency in mathematics content on numbering, 
sizes, comparisons, and shapes. The researchers investigated children’s 
proficiency in mathematics associated with children’s gender, ethnic back-
ground, and prekindergarten experience. Major findings of this study were 
as follows: (a) no gender differences were found in mathematics proficiency 
in all content areas; (b) among four major ethnic groups of children, White 
children showed higher proficiency in all mathematics content areas than 
other racial/ethnic groups including African American, Hispanic, and Asian 
children; (c) children without prekindergarten experiences outperformed 
children who had prekindergarten experiences in all mathematics content 
areas except “numbering.” No significant mean differences were found in 
“numbering” between these two groups.

Existing studies have confirmed that children’s proficiency in early mathemat-
ics tends to determine their attitudes toward mathematics and later mathemat-
ics achievement (Duncan et al., 2007; Huffman, Mehlinger, & Kerivan, 2000; 
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Maeroff, 2006; Raver, 2002). To better assist our children in school mathemat-
ics, it is necessary to assess their proficiency in mathematics content areas to 
diagnose which content areas in which children need to receive more assis-
tance. Since children’s demographic backgrounds have been found to be criti-
cal in mathematics performance, we included potential risk factors in this study 
such as gender and ethnic background and analyzed their possible relationship 
with mathematics proficiency. Children’s prekindergarten experiences were 
also investigated associated with their mathematics proficiency.

Literature Review
Gender

There has been a long-standing perception in education that gender makes 
a difference in mathematics proficiency (Callahan & Clements, 1984; 
Dossey, Mullis, Lindquist, & Chambers, 1988; Fan, Chen, & Matsumoto, 
1997; Friedman, 1989; Hyde, Fennema, & Lamon, 1990). The consensus in 
the existing literature is that gender differences in mathematics achievement 
typically arise at a fairly late stage in students’ careers (Birenbaum & Nasser, 
2006; Capporimo, 1990; Gross, 1988). Hyde et al. (1990), for example, 
found in a meta-analysis that differences in mathematical problem solving do 
not exist in elementary or middle school, but do exist in high school and col-
lege. However, recent study findings provide evidence that gender differ-
ences might emerge at an earlier age. According to Levine, Huttenlocher, 
Taylor, and Langrock (1999), gender differences in spatial abilities show a 
male advantage on mental rotation tasks at the age of 4 years 6 months. 
Similarly, the results of descriptive statistics from the Early Childhood 
Longitudinal Study, Kindergarten Class of 1998 to 1999 show that gender 
differences in mathematics achievement emerge as early as kindergarten 
(Rathbun, West, & Germino-Hausken, 2004).

Several studies show conflicting results concerning the gender gap in math-
ematics proficiency. Many researchers have found that the gender gap between 
male and female students favors males (Callahan & Clements, 1984; Carpenter, 
Lindquist, Matthews, & Silver, 1983; Connor & Serbin, 1985; Dossey et al., 
1988; Hyde et al., 1990; Jordan, Kaplan, Nabors Ola’h, & Locuniak, 2006; 
Levine et al., 1999; Moon & Lee, 2009); however, several studies have also 
revealed gender gaps favoring female students particularly when considering 
specific content areas. In the National Assessment of Educational Progress 
(NAEP) assessment of 2007, Lee, Grigg, and Dion (2007) found that in the 
fourth grade, male students scored higher on average than female students in all 
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mathematics content areas with the exception of geometry in which female 
students scored higher. The same study found that in eighth grade, male stu-
dents scored higher on average than female students in mathematics content 
areas. However, female students scored one point higher in data analysis and 
probability although there was no significant difference in geometry (Lee et al., 
2007). Coley (2001) found that females were more likely than males to be pro-
ficient in recognizing numbers and shapes, whereas males were more profi-
cient than females in addition, subtraction, multiplication, and division skills. 
Sadker and Sadker (1994) also found that girls scored ahead of or equal to boys 
on every standard measurement of academic achievement during early elemen-
tary grades, including mathematics.

Finally, several studies have found no gender differences in relation to 
mathematics proficiency (Beaton et al., 1999; Hall, Davis, Bolen, & Chia, 
1999; Lee, Autry, Fox, & Williams, 2008). Penner and Paret (2008) found 
that third grade girls performed as well as boys on measures of mathematical 
proficiency. Lee et al. (2008) investigated children’s mathematical readiness 
at kindergarten and found no gender gap in mathematical readiness scores. 
Although gender gaps have been addressed in previous literature, the results 
are mixed. Because of this lack of consistent results, this study considers 
gender to determine whether gender is associated with mathematics content 
proficiency.

Ethnic Backgrounds
With regard to differences among racial and ethnic groups, the situation 
is rather different. The racial/ethnic diversity of the United States is much 
greater now than at any previous period in history and promises to become 
progressively more so for some time to come. The strong connection between 
economic advantage, school funding, and achievement in the United States 
has meant that groups of students whose mathematics achievement is low 
have tended to be disproportionately African American, Hispanic, acquiring 
English, or located in urban or rural school districts (Tate, 1997). This dispar-
ity has been considered among educators, researchers, and policymakers for 
several decades (Callahan & Clements, 1984; Catsambies, 1994; Ellis & Ryan, 
2003; Hall et al., 1999; Kim & Hocevar, 1998; Lee et al., 2008; Lockheed, 
Thorpe, Brooks-Gunn, Casserly, & McAloon, 1985; Moon & Lee, 2009; 
Steele, 2003).

Studies consistently show that White and Asian students perform better 
on mathematical assessments than African American, Hispanic, and Native 
American students. For example, scores for African American, Hispanic, and 
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American Indian students on the NAEP assessments from 1990 to 2007 have 
steadsily remained below scale scores for White and Asian students. However, 
the gap between scores for White students and African American students 
decreased by 12.5% although the gap for Hispanic students remained the 
same. These findings are particularly troubling because many mathematical 
skills are acquired in a sequential fashion, so that differences in skill develop-
ment in lower grades set high barriers to acquisition of the more complex 
skills a child needs to succeed as he or she matures (Barbarin, 2007).

Prekindergarten Experience
The educational and lifetime benefits of high-quality prekindergarten experi-
ences in early childhood education are well established in research (Barnett 
& Belfield, 2006; Rimm-Kaufman, Pianta, & Cox, 2000). Studies show that 
preschool experience improves disadvantaged children’s school readiness, 
educational achievements, and social adjustment (Karoly, Kilburn, & 
Cannon, 2005; Magnuson, Meyers, Ruhm, & Waldfogel, 2004; National 
Institute of Child Health and Human Development & Early Child Care 
Research Network, 2004). The impact of preschool experience is not limited 
to disadvantaged groups of children. Ward (2008) found that preschool expe-
rience is particularly good for boys because they were more likely to have a 
poor learning environment than were girls. Regardless with any demo-
graphic factors, prekindergarten experience provides children an opportunity 
to succeed in their later school years. In a recent study conducted in the 
United Kingdom, 10-year-olds from the general population who had attended 
preschool tend to score higher on mathematics tests than those who had not. 
However, research on how preschool experience affects mathematical profi-
ciency is rather limited.

Method
Participants

A total of 244 kindergarteners from the Dallas and Fort Worth metroplex 
area in Texas participated in this study. The sample group was composed of 
131 boys and 104 girls. There were 101 White, 73 Hispanic, 33 African 
American, and 8 Asian children; 24 parents identified their children as 
bi-or tri-racial, four parents listed as “other,” and one parent did not respond 
to the question (See Table 1).
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Table 1. Number of Participants Based on Their Gender

Gender N Percentage (%)

Boys 131 53.69
Girls 104 42.64
No response 9 3.77
Total 244 100.0

Data Collection Procedure

Instrument. Children’s mathematics proficiency was measured by the 
“Bracken School Readiness Assessment” published by PsychCorp (2002). 
For the purpose of the study, only the mathematics sections were selected 
for use. The mathematics section is composed of four subtests (parts three, 
four, five, and six of the instrument). Subtest part three contains 19 ques-
tions related to Numbering such as identifying numbers and rote/rational 
counting concepts. Subtest part four contains 12 questions related to Sizes 
(big, little, small, tall, deep, long, short, thin, etc.). Subtest part five includes 
10 questions related to Comparisons of shapes using comparison words such 
as “not the same,” “different,” “exactly,” or “similar.” Subtest part six has 
20 questions related to Shapes such as identifying shapes by name (e.g., 
circle, cone, round, square, oval, etc.), and identifying lines (e.g., which 
children are in line, which ducks are in a row, etc.). A total of 61 questions 
were used to measure children’s mathematics content proficiency; possible 
scores ranged from 0 to 61.

Results
Girls scored slightly higher (M = 41.36, SD = 10.48) than boys (M = 39.41, 
SD = 13.90) on their total score, but the gender gap was found to be insig-
nificant on all content areas (See Table 2).

The following analysis of variance (ANOVA) table shows that there was 
no significant gender gap found in all mathematics content areas. As Table 2 
shows, girls demonstrated slightly higher scores on all content areas except 
“Comparisons.”

Among the four major ethnic/racial groups (White, African American, 
Hispanic, and Asian), White children scored highest (M = 47.39, SD = 9.06) 
and African American children scored the second highest (M = 40.15, SD = 9.20) 
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Table 2. Analysis of Variance of Mathematics Content Proficiency by Gender

Content Gender Mean
Standard 
deviation Sig

Numbering Boys 12.86 6.00 .064
 Girls 14.29 4.72  
Sizes Boys 8.05 3.00 .377
 Girls 8.39 2.38  
Comparisons Boys 5.42 2.65 .464
 Girls 5.16 2.29  
Shapes Boys 13.08 4.31 .438
 Girls 13.52 3.64  
Total Boys 39.41 13.90 .267
 Girls 41.36 10.48  

Table 3. Descriptive Statistics on Mathematics Scores by Children’s Racial/Ethnic 
Backgrounds

Race/ethnicity N
Mean 
score

Standard 
deviation

Caucasian 101 47.39 9.06
African American 33 40.15 9.20
Hispanic 73 33.75 13.03
Asian 8 34.63 16.09
Bi- or tri-racial 24 41.46 10.94
Other 4 51.50 3.42
No response 1  
Total 244 41.40 12.26

on total mathematics score. Both Hispanic (M = 33.75, SD = 13.03) and 
Asian children (M = 34.63, SD = 16.09) scored comparatively lower on math-
ematics than other ethnic groups. Four children identified as “other” scored 
51.50 (SD = 3.42), and 24 children with bi- or tri-racial backgrounds scored 
41.46 (SD = 10.94) on total mathematics score (See Table 3).

A statistically significant mean difference was found among ethnic/racial 
backgrounds on mathematics proficiency on all mathematics content areas, 
F(5, 237) = 14.88, p = .001. As seen in Table 4, White children’s proficiency 
in all mathematics content areas (“Numbering,” “Sizes,” “Comparisons,” and 
“Shapes”) was found to be statistically significantly different than that of 

 at SAGE Publications on November 28, 2012eus.sagepub.comDownloaded from 

http://eus.sagepub.com/


Lee et al. 633

Table 4. Analysis of Variance of Mathematics Content Proficiency by Major Racial/
Ethnic Backgrounds

Content Race/ethnicity Mean
Standard 
deviation Sig

Numbering African  
  American

14.59 5.05 .000**

 Asian 12.00 7.07  
 Caucasian 15.56 4.24  
 Hispanic 11.43 6.12  
 Bi- or tri-racial 13.46 4.43  
 Other 18.50 1.00  
Sizes African  

  American
7.47 2.06 .000**

 Asian 6.75 3.45  
 Caucasian 9.89 1.82  
 Hispanic 6.82 2.99  
 Bi- or tri-racial 8.79 2.06  
 Other 10.25 0.96  
Comparisons African  

  American
5.12 1.77 .000**

 Asian 5.00 2.39  
 Caucasian 6.65 2.04  
 Hispanic 4.08 2.45  
 Bi- or tri-racial 5.46 2.86  
 Other 6.75 0.96  
Shapes African 

  American
13.06 3.11 .000**

 Asian 10.86 4.99  
 Caucasian 15.19 3.14  
 Hispanic 11.43 3.92  
 Bi- or tri-racial 13.75 3.77  
 Other 16.00 2.16  
Total African  

  American
40.25 9.33 .000**

 Asian 34.63 16.09  
 Caucasian 47.28 9.08  
 Hispanic 33.75 13.03  
 Bi- or tri-racial 41.46 10.94  
 Other 51.59 3.42  

*Significant at .05 level. **Significant at .001 level.
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Table 5. Descriptive Statistics on Mathematics Scores by Children’s 
Prekindergarten Experience

Pre-K experience N Mean score Standard deviation

Pre-K experience 79 39.70 11.96
No experience 165 44.94 12.06
Total 244  

Table 6. Analysis of Variance of Mathematics Content Proficiency by Children’s 
Prekindergarten Experience

Content Pre-K Mean
Standard 
deviation Sig

Numbering With 13.56 5.37 .12
 Without 14.77 5.34  
Sizes With 8.01 2.69 .000**
 Without 9.35 2.49  
Comparisons With 5.04 2.40 .000**
 Without 6.48 2.32  
Shapes With 13.10 3.80 .014*
 Without 14.39 3.91  
Total With 39.70 12.07 .002*
 Without 44.95 11.96  

*Significant at .05 level. **Significant at .001 level.

other major ethnic groups including Hispanic, African American, and Asian 
children.

Among the 244 children participating in the study, 165 children had prekin-
dergarten experience whereas 79 children did not have prekindergarten experi-
ence. The results show that a difference in mathematics readiness was significant 
by children’s prekindergarten experiences. Table 5 demonstrates that children 
without prekindergarten experience (M = 44.94, SD = 11.96) scored higher than 
children with prekindergarten experience (M = 39.70, SD = 12.06).

As an ANOVA shows, children without prekindergarten experience 
scored statistically higher on their total scores than children who had prekin-
dergarten academic experience (F = 10.15, p = .002). Children without prekin-
dergarten academic experiences showed statistically higher scores on “Sizes,” 
“Comparisons,” and “Shapes.” There was no statistically significant mean 
difference found on “Numbering” between children who had prekindergarten 
academic experiences and who did not (Table 6).
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Discussion and Study Limitations

The major findings of this study were as follows: (a) no gender differences 
were found in mathematics proficiency in all content areas; (b) among four 
major ethnic groups of children, White children showed higher proficiency 
in all mathematics content areas than other racial/ethnic groups including 
African American, Hispanic, and Asian children; (c) children without pre-
kindergarten experiences scored significantly higher than children who had 
prekindergarten experiences on “sizes,” “comparisons,” and “shapes,” but no 
significant mean differences were found in “numbering” between children 
who had prekindergarten experiences and who did not.

Numerous studies have been conducted to examine gender gaps in math-
ematics performance. Mixed findings have been reported, with some results 
favoring girls (Hammond, 1985; Hawn, Ellet, & Des Jardines, 1981), some 
favoring boys (Jacobson, 2002; Lee & Moon, 2007), and some with no gen-
der gaps (Beaton et al., 1999; Hall et al., 1999) in mathematics performance. 
In this study, no statistically significant gender gaps were found in any 
of the mathematics content areas. However, slight score differences with no 
statistical significance existed favoring girls on the areas of “numbering,” 
“sizes,” and “shapes” and favoring boys on “comparisons.” We are unable to 
provide rationales for why no gender gap was found because this is not a 
cause-effect study. However, we recommend future research to investigate 
this phenomenon more comprehensively, perhaps by applying a qualitative 
method. Studies have shown that gender gaps favoring boys appear to 
become more evident and significant as children grow. Lee et al. (2007) 
specifically indicate that gender gap becomes statistically significant at the 
fourth grade level. This has been called the 4th grade slump. More studies in 
this area are essential to promote children’s mathematics achievement. It is 
especially necessary to investigate children’s mathematics achievement 
between prekindergarten and third grade to provide answers to questions in 
the field of early mathematics education by investigating gender-specific 
learning style, comprehension approach, or instructional style. Previous 
studies confirm that children’s family income has been identified as the 
strongest predictor of children’s school performance, including mathematics 
performance (Lee et al., 2008). Therefore, research on the interaction effects 
between gender gap and family socioeconomic status (SES) is also neces-
sary to find possible explanations of the gender gap in early mathematics 
performance.

Regarding mathematics proficiency by major ethnicity, White chil-
dren outperformed children from other ethnic backgrounds (e.g., African 
American, Asian, and Hispanic children) in all mathematics content areas. 
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African American children showed the second highest scores in all content 
areas. This is an interesting finding because previous studies have shown 
African American children’s deficiency in mathematics performance compared 
to other ethnic groups such as White and Asian student groups (Barbarin, 
2007; Ellis & Ryan, 2003; Moon & Lee, 2009). African American students’ 
poor performance in mathematics has been explained by school poverty and 
poor home environment (Myers, Kim & Mandala, 2004). Racial effects inter-
acting with these risky factors have been identified as a possible barrier to 
African American students’ deficiency in school performance. Lubienski 
(2002) claimed that family SES functions as explanatory factor of student 
school achievement and explained that deficiencies or achievement are not a 
matter of race but a matter of family SES. In this study, it is challenging to 
identify exact cause(s) of this finding but we recommend future researchers to 
investigate this phenomenon applying a qualitative method. In addition, as 
indicated above, family SES should be taken into consideration when investi-
gating student mathematics performance because it has a strong interaction 
effect with children’s ethnic background.

Asian and Hispanic children scored lowest in all areas of mathematics. 
This finding contradicts existing literature which has shown higher profi-
ciency of Asian and White students in mathematics throughout the school 
years (Ellis & Ryan, 2003; Lockheed et al., 1985). A question remains unan-
swered in this study whether children’s limited proficiency in English was a 
factor for Asian children. In this study, we had both English-speaking and 
Spanish-speaking interviewers so that Hispanic children could be surveyed 
by Spanish-speaking interviewers. However, one of the study limitations 
was that there were no interviewers available for speakers of other Asian 
languages because of lack of funding. Since we did not collect background 
information regarding children’s native language or their language spoken 
at home, we are unable to identify whether Asian children scored lower than 
their counterparts because of their deficiency in English. Therefore, for the 
future studies, it will be necessary to get information about children’s native 
language because it is an important factor to determine children’s mathemat-
ics content knowledge. An additional limitation is the small number of Asian 
students who participated in this study. Only 8 (3%) out of 241 children 
were identified as having Asian ethnic background. For this reason, it is dif-
ficult to generalize this finding to general population.

In this study, we found that children without prekindergarten experiences 
scored higher than children with prekindergarten experiences in all content 
areas except “numbering.” There was no significant score difference found in 
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“numbering” between these two groups. This study finding needs to be 
understood in light of Texas policy on prekindergarten enrollment. In public 
prekindergarten enrollment, priority is given to disadvantaged children 
including those children from low-income families, children who are English 
language learners, and children of parents serving in the U.S. military. Thus, 
it is assumed in this study that most children with public prekindergarten 
experiences possess risk factors for their school success. Because of the com-
plexity of roadblocks those children possess such as low family income and 
language barriers, one of the limitations of this study is that it is difficult to 
determine whether and how these roadblocks impacted children’s mathe-
matics performance. However, when considering the findings of this study, 
these disadvantaged children are still at risk in terms of mathematics perfor-
mance compared to their counterparts. According to Magnuson, Ruhm, and 
Waldfogel (2006), many disadvantaged children are less likely to be success-
ful throughout their school years. Since children’s early mathematics experi-
ence tends to determine children’s later attitudes toward mathematics and 
mathematics performance, this is a critical finding that should be immediately 
taken into consideration for future researchers, early educators, and policy 
makers. More systematic and high-quality assistance for disadvantaged chil-
dren is necessary in their early years.

High-quality early childhood programs increase school performance, 
especially for children from minority and low income families (McCartney, 
2006). However, for the purposes of this study, it is also challenging to 
determine whether children in public prekindergarten were provided with 
high-quality early education and whether their prekindergarten experiences 
promoted their mathematics proficiency. For this reason, we recommend 
that future researchers should take children’s demographic information into 
account in their study considerations. In addition, it is necessary to investi-
gate the trajectory of children’s mathematics proficiency over a period of 
years rather than at one period of time. However, one thing that is obvious is 
that children who are disadvantaged (e.g., English limited proficiency, spe-
cial needs, or low-income family backgrounds) are still at risk. They will start 
school behind compared to their counterparts. This means that more system-
atic assistance is necessary to promote mathematics content proficiency for 
these children.

In this study, we mainly focused on content-related items. In future stud-
ies, we recommend assessing children’s mathematics process skills (e.g., 
problem solving, reasoning and proof, communications, because these skills 
are critical in school mathematics.
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