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Mathematics Achievement, STUDENT AFFECT, AND SCHOOL/HOME EXPERIENCES 
Sarah Theule Lubienski and Michele D. Crockett

This chapter examines NAEP data on students’ mathematics achievement, attitudes toward mathematics, beliefs about mathematics, and experiences in their schools and homes. The primary focus is on race- and ethnicity-related patterns, with some attention given to SES interactions with race/ethnicity in overall achievement. Interactions with gender are discussed in chapter 10. 

The year 2003 was the first in which the NAEP national samples encompassed individual state samples, making it possible to examine data on the relatively small Asian/Pacific Islander (PI) and American Indian/Alaskan Native populations. In contrast to the NAEP samples of 5,000–15,000 students per grade level of years past, the 2003 samples contained over 150,000 students at each of 4th and 8th grades (see chapter 1). 

Largely because of sample size limitations, most prior large-scale studies of race/ethnicity-related differences in achievement have focused only on white, African-American, and (sometimes) Hispanic students. Because of the persistence and severity of disparities between white and African-American students, several publications focusing on this topic have been produced in the past decade. Perhaps the most famous is Jencks and Phillips’s (1998) Black-White Test Score Gap, which, in response to Herrnstein and Murray’s (1994) assertions about genetic bases of achievement disparities, argued that achievement gaps can be closed with proper attention to school (e.g., class size, teacher competency requirements) and family supports. Recent studies have also focused on the extent to which gaps are due to differential school opportunities versus differences in students’ experiences outside of school (e.g., during preschool years and summers) (Alexander, Entwisle, & Olson, 2001; Farkas, 2003). 

This chapter does not attempt to enter debates about the various reasons for underlying achievement gaps. Instead, it focuses on race/ethnicity–related similarities and differences in students’ achievement, attitudes/beliefs, school experiences, and home environments. We give attention to all five racial/ethnic categories utilized by NAEP: white, black, Hispanic, American Indian/Alaskan Native, and Asian/PI.
 Given that American Indian and Asian/PI students, until now, have been largely unexamined in studies of nationally representative data sets (e.g., Strutchens, Lubienski, McGraw, & Westbrook, 2004; Strutchens & Silver, 2000), this chapter provides new insights into the mathematics learning experiences of these groups. 

This chapter begins with students’ mathematics achievement, followed by examinations of NAEP survey data regarding students’ attitudes/beliefs about mathematics. Finally, the school and home experiences that could contribute to the race/ethnicity patterns in students’ achievement and affect are discussed. 

With five racial/ethnic groups, it was difficult to determine the best way to make comparisons, given that there are 10 possible pairings of the five groups. Although Asian/PI students were the highest-scoring subgroup, we did not want to downplay the advantages white students receive by shifting focus to Asian/PI students as the “advantaged group,” particularly since the U.S. population of Asian/PI students is less than 5%, and schooling occurs in a larger social and political context in which white people tend to be privileged (McIntosh, 1990; Oliver & Shapiro, 1995; Zeus, 2004). In this chapter we report differences in a variety of ways, often letting the pattern of each particular disparity drive the types of comparisons made. However, we sometimes treat white students as the primary comparison group. While doing so, we are mindful of dangers inherent in this approach, such as conveying that white students are the “gold standard” that other groups should emulate. Moreover, highlighting disparities between groups tends to detract attention from both the many similarities across the groups as well as the great diversity within groups. We make comparisons with the hope that they will draw attention to inequities and illuminate their nature in potentially helpful ways. Still, we acknowledge the limitations for such an analysis to fully illuminate the complex factors underlying inequities within and beyond the mathematics classrooms. Large-scale descriptive studies such as this can identify patterns that must be further examined with qualitative and longitudinal studies designed to examine both the reasons for and the effects of those patterns. 

STUDENT ACHIEVEMENT DATA
NAEP measures mathematics performance in a variety of ways, including overall scale scores ranging from 0 to 500, achievement levels (basic, proficient, and advanced), and scale scores within each of five mathematics strands: number, algebra, geometry, measurement, and data analysis. (See chapter 1 for additional information about NAEP scales and scoring.) In this section, we discuss trends in 1990–2003 mathematics achievement first, followed by comparisons of the distribution of the 2003 achievement scores within each racial/ethnic subgroup. Interactions between race/ethnicity and SES in overall achievement are considered before discussion of subgroup differences in achievement levels. Achievement gaps within the five mathematics strands are then examined before concluding this section with an examination of student performance on particular NAEP mathematics items.

Mathematics Achievement, 1990–2003

Despite the concerns about equity raised in this chapter, it is important to note the good news. Specifically, at Grades 4 and 8, white, black, and Hispanic students’ average scores were significantly higher in 2003 than in any previous assessment year.  Average scores for Asian/PI 4th- and 8th-graders were higher in 2003 than in the baseline year of 1990. American Indian students scored higher in 2003 than in 2000 at Grade 4, but the increase at Grade 8 was not statistically significant
 (see Figures 9.1 & 9.2).
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Figure 9.1. 4th-grade mean scale scores by race/ethnicity, 1990-2003.
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Figure 9.2. 8th-grade mean scale scores by race/ethnicity, 1990-2003.

Between 1990 and 2000, black-white and Hispanic-white achievement disparities did not improve (Lubienski, 2002; Strutchens et. al., 2004). However, between 2000 and 2003, black 4th-graders gained 13 points and Hispanic 4th-graders gained 14 points, causing a statistically significant decrease in the score disparities between these groups and white 4th-graders, whose mean increased by 9 points. Similarly, at Grade 8, black students gained an average of 8 points and Hispanic students gained 6 points, compared with white students’ 4-point increase, causing a gap decrease between 2000 and 2003 (significant for black students but not for Hispanic students). Gaps between American Indian and white students decreased at 4th grade (where American Indian students gained 15 points), but did not change significantly at 8th grade. (Despite the 6-point reduction, the 4th-grade decrease was not statistically significant due to the large standard error connected with the small American Indian sample size in 2000). Gaps between white and Asian /PI students were similar in 2000 and 2003 at Grade 8, but cannot be compared at Grade 4 due to limitations of the 2000 Asian/PI sample.

Despite decreases in gaps, severe race/ethnicity disparities remain. At both 4th and 8th grades, average scores for Asian/PI students were higher than for any other subgroup, scoring a statistically significant three points higher than white students. However, gaps between white and Asian/PI students pale in comparison to the gaps between those two subgroups and the other three subgroups. At Grade 4, white students scored 20 points higher than American Indian students, 21 points higher than Hispanic students, and 27 points higher than black students. At Grade 8 these differences were 25, 29, and 36 points, respectively. 

One way to interpret the magnitude of these disparities is in terms of effect sizes. Standard deviations for overall achievement means were 28 at Grade 4 and 36 at Grade 8. Hence, black-white gaps were roughly a full standard deviation at each grade level, or an effect size of 1, which is considered a very large effect. In contrast, as reported in chapter 10, gender-related disparities tend to have an effect size of roughly .1, or one-tenth the size of black-white gaps.
Achievement by Student SES and Race/Ethnicity

One important issue to consider is the extent to which the lower-scoring racial/ethnic subgroups are disproportionately of low socioeconomic status (SES), and the extent to which such disproportionate representation might account for race/ethnicity–related achievement gaps. One rough SES proxy often used in educational research is students’ eligibility for free or reduced-price school lunches.

The race/ethnicity-related differences in lunch eligibility (school-reported) are striking. While only 23% of white 4th-graders were eligible for lunch, over one-third of Asian/PI (35%) students and most American Indian (65%), black (70%), and Hispanic (71%) students were eligible (see Table 9.1). Patterns were similar at Grade 8, where less than 20% of white students were eligible, in contrast with 34% of Asian/PI students, 56% of American Indian students, and over 60% of black and Hispanic students. 

Table 9.1

Achievement by Free/Reduced Lunch Eligibility and Race/Ethnicity

	  
	4th Grade
	8th Grade

	
	Eligible
	Ineligible
	Eligible
	Ineligible

	Race/Ethnicity
	Row %
	Mean scale score
	Row %
	Mean scale score
	Row %
	Mean scale score
	Row %
	Mean scale score

	White
	23%
	231
	65%
	247
	19%
	272
	69%
	291

	Black
	70%
	212
	24%
	226
	61%
	247
	31%
	262

	Hispanic
	71%
	219
	22%
	232
	64%
	254
	27%
	269

	Asian/Pacific Islander
	35%
	234
	53%
	254
	34%
	274
	51%
	300

	American Indian
	65%
	218
	28%
	237
	56%
	255
	36%
	276


Note. Percentages of “eligible” and “ineligible” students within each subgroup do not sum to 100 because information was unavailable for some students.

Given the strong correlation between race/ethnicity and reduced/free lunch eligibility, it is important to consider the extent to which the race/ethnicity disparities in achievement persist after taking socioeconomic differences into account. Overall, the score gap between students eligible for free/reduced lunch and those ineligible was 22 points at Grade 4 (a significant 5 points smaller than the gap in 2000) and 28 points at Grade 8 (an insignificant 4 points smaller than in 2000). However, severe race/ethnicity–related disparities within each lunch category persisted. Most alarming is that the scores of the poorer, lunch-eligible white and Asian/PI students were roughly equal to or higher than the scores of the wealthier, ineligible black and Hispanic students at both Grades 4 and 8. Lubienski and Shelley (2003) found similar results with the 2000 data.
 (Readers interested in race/SES/gender interactions should see chapter 10.)

2003 Achievement Score Distributions
Figure 9.3 shows 8th-grade mathematics scale scores by percentile for each racial/ethnic group. Grade 4 distributions were similar. Figure 9.3 highlights the large amount of overlap in the score distributions of all five racial/ethnic groups. Examining the data in this way reminds us that there are strong similarities across the subgroups as well as great diversity within each group. 
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Note. For clarity, means for Asian/PI students have been bolded/italicized, and means for American Indian students are bolded.

Figure 9.3. Average 2003 mathematics scores by percentile and race/ethnicity, Grade 8.

The score distributions also shed light on the nature of the achievement differences between subgroups. At both 4th and 8th grades, the gap between Asian/PI and white was largest at the upper ends of the achievement spectrum and reversed at the lowest end. For example, at the 10th percentile there was a 4-point difference favoring white 8th-graders, but at the 90th percentile, there was a 9-point difference favoring Asian/PI 8th-graders. The pattern was similar at Grade 4, although not quite as pronounced. Still, overall, the extent to which the lines for black, Hispanic, and American Indian students are parallel to each other and to those for white and Asian/PI students indicates strong similarities in the nature of their score distributions.

Achievement-Level Results by Race/Ethnicity 

On the basis of scale scores, NAEP assigns students to one of four achievement levels: advanced, proficient, basic, and below basic (see chapter 1 for discussion of achievement levels). The percentage of students in each subgroup assigned to the various levels are presented in Figures 9.4 and 9.5. The results again indicate severe disparities among subgroups. While only 13% of white and Asian/PI 4th-graders scored below the basic level in 2003, over one-third of American Indian and Hispanic students, and almost half (46%) of black students scored at this level. Similarly, while 48% of Asian/PI and 43% of white 4th-graders scored at the Proficient or Advanced levels, only 10% of black students and less than 20% of Hispanic and American Indian students scored at those levels.

Disparities were even more striking at 8th grade, where 48% of American Indian, 52% of Hispanic, and 61% of black students scored below basic, in comparison with 22% of Asian/PI and 20% of white students. And while 43% of Asian/PI and 37% of white students scored at or above the proficient level, this percentage was only 7% for black students, 12% for Hispanic students, and 15% for American Indian students.

Given the improvements in scale scores that occurred for most subgroups between 2000 and 2003, we wondered if a movement toward higher achievement levels would be uniform across all subgroups. Hence Figures 9.4 and 9.5 also include data from 2000. At both Grades 4 and 8, we see a decrease in the percentage of every subgroup considered below basic, but there were subgroup differences in the ways in which the growth in other categories was distributed. For white students, growth tended to occur in the proficient and advanced categories. Some growth occurred at these levels for other groups as well, but greater percentage point gains occurred at the basic level for black, Hispanic, and American Indian students, particularly at Grade 4. Due to a lack of data on Asian/PI 4th-graders, the 2000–2003 comparison cannot be made. For Asian/PI 8th-graders, the modest gains that occurred in the top three categories were similar.
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Note:  Sample size for Asian/Pacific Islander was insufficient to provide a reliable estimate in 2000.
Figure 9.4. Percentage of students at each achievement level by race/ethnicity, Grade 4.
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Figure 9.5. Percentage of students at each achievement level by race/ethnicity, Grade 8.

Gaps by Mathematical Strand, 2003

NAEP creates scale scores within each of the five mathematics strands. Mean scale scores did not differ drastically across the strands. At Grade 4, these scores ranged from a low of 233 (number and operations) to a high of 241 (algebra), and at Grade 8 they ranged from 275 (measurement and geometry) to 280 (data analysis and algebra). However, what is of interest for the purposes of this chapter are the disparities between subgroups across the strands. For the sake of brevity, gaps between white students and others are given primary consideration.

Figures 9.6 and 9.7 display the scale-score gaps between white students and the other four subgroups for each of the five mathematics strands. Consistent with NAEP results from past years (e.g., Strutchens et al., 2004), measurement and data analysis were the two strands with the largest disparities between white students and their black, Hispanic, and American Indian peers. These were also the only strands for which the mean scale score for white students was higher than Asian/PA scores (this occurred for measurement at Grade 4 and for data analysis at Grade 8). At both Grades 4 and 8, the black-white measurement gap stood out from the others as particularly large--33 points at Grade 4, and a full 50 points at Grade 8.
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Figure 9.6. Mean scale score gaps between white 4th-graders and those of other racial/ethnic groups, by mathematics strand.
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Figure 9.7. Mean scale score gaps between white 8th-graders and those of other racial/ethnic groups, by mathematics strand.

Again, given our interest in understanding the nature of the score gains that occurred between 2000 and 2003, we investigated whether the gains for the various subgroups were concentrated among particular mathematics strands. This investigation revealed no significant patterns at Grade 4. For example, scale score gains were between 11 and 14 points on each strand for both black and Hispanic students, while gains for white 4th-graders were between 6 and 10 points for the various strands (see Table 9.2). However, one statistic did stand out at Grade 8. Black students’ measurement score gain of 13 points was particularly large.

Table 9.2

Scale Score Gains by Strand and Race/Ethnicity, 2000–2003

	  
	White
	Black
	Hispanic
	Asian
	Am. Indian

	
	4th


	8th


	4th


	8th


	4th


	8th


	4th


	8th


	4th


	8th



	Number and Operations
	8
	3
	11
	6
	13
	4
	
	4
	2
	3

	Measurement
	8
	4
	11
	13
	11
	8
	
	3
	4
	8

	Geometry
	6
	4
	12
	7
	12
	5
	
	1
	6
	3

	Data Analysis
	8
	4
	14
	9
	12
	7
	
	2
	2
	6

	Algebra 
	10
	4
	13
	7
	13
	8
	
	3
	8
	7

	Composite (Overall)
	8
	4
	12
	8
	12
	6
	
	3
	4
	4


Note. Fourth-grade Asian/PI samples were considered unreliable in 2000 (Braswell et al., 2003).

Given this pattern, we investigated the gains for black 8th-graders on each of the measurement items administered in both 2000 and 2003. Of the 30 measurement items administered in 2003, 24 were also administered in 2000. We compared the 2000 and 2003 mean percentage correct for black students on each of the 24 items. However, none of the items showed a statistically significant gain. Three multiple-choice items had the largest gain--about 5 percentage points--but many other items showed losses. The mean gain across the 24 items was less than one percentage point (.7). Hence, it is unclear whether the 13-point gain for black students’ measurement scale score represents a meaningful gain in measurement understanding. 

A Closer Look: An Examination of Individual Items

In an attempt to portray more richly the ways in which mathematics achievement varies by race/ethnicity, we present an in-depth look at a few of the many items administered in 2003. General performance data were available on each administered item; however, only those items that were “released” by NCES can be discussed in detail (see chapter 1). Again, with five subgroups to be considered, it was difficult to decide which items to discuss. Ultimately, we decided to focus on the released items for which there was a large gap (in terms of percentage point differences) between white students’ performance and that of all three of the lowest scoring groups. We identified a set of 30 items with the largest black-white gaps and then identified corresponding sets of items for Hispanic and American Indian students. Each set of 30 items contained approximately 10 released items. We then identified the released items in the intersection of those three sets. This resulted in four items at Grade 4 and three items at Grade 8. We also examined performance data from a few additional relevant items that stood out in some important ways.

Before discussing details of the selected items, it is important to consider whether achievement gaps on items represent true differences in mathematical performance, or whether such differences are due largely to students from some subgroups not completing the task, either because, in NAEP terms, students were “off task” or because the item was “omitted” or “not reached.” An examination of data pertaining to the released items revealed that few students from any subgroup (generally 2% or less) were coded as being “off task” on items, regardless of whether they were multiple-choice, short constructed-response (SCR), or extended constructed-response (ECR) items. Additionally, few of the students (2% or less) from any subgroup omitted multiple-choice items. However, omit rates differed by subgroup on the SCR and ECR items. Patterns were consistent but most striking on 8th-grade ECR items, where omit rates averaged over 20% for black and Hispanic students, 14% for American Indian students, and only 11% for white and Asian/PI students. The percentage of students coded as not having reached a particular item varied greatly, depending upon where in the block (test book) the item was placed. For the items with particularly large gaps, subgroup differences in reaching the item were considered but determined to be at most a minor factor in shaping the performance differences. 

Before focusing on those items for which disparities were particularly large, we want to note that some items had very small differences between white students and their black, Hispanic, and American Indian peers. On a few items, Hispanic and American Indian students slightly outperformed white students. On most of the items with small gaps, all subgroups did either very poorly or very well. For example, at Grade 8, 91% of both white and black 8th-graders correctly answered a multiple-choice item where they had to add 238 and 462. And less than 4% of 8th-graders from any subgroup correctly found the area of a pentagon on an SCR item, resulting in small percentage-point differences among subgroups.

Fourth-Grade Items With Large Disparities
The four released items with the largest disparities between white 4th-graders and their black, Hispanic, and American Indian peers included three multiple-choice items (two number and one data analysis item) and one ECR data analysis item (see Figure 9.8). The two multiple-choice number items were computation problems that required a bit more than routine procedures with the given numbers. First, on a multistep word problem asking the number of additional eggs needed to fill three egg cartons (if 34 eggs were already obtained), 54% of white students and 53% of Asian/PI students answered correctly, far greater than the percentage of black (30%), Hispanic (33%), and American Indian students (35%) who answered correctly.
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There is only one red marble in each of the bags shown below. Without looking, you are to pick a marble out of one of the bags. Which bag would give you the greatest chance of picking the red marble?
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17. Jan's Snack Shop has 3 flavors of ice cream—vanilla, chocolate, and strawberry.
‘The ice cream can be served in a dish, a sugar cone, or a regular cone.

There are 9 people who choose 1 dip of ice cream in a dish, or in a sugar cone, or in a regular cone,
and all of their choices are different. List or show the 9 different choices

Could another person have a choice that is different from one of these 9 choices? Why or why not?




Figure 9.8. Fourth-grade items with largest performance differences by racial/ethnic group (2003-4M6 #12; 2003-4M7 #11; 2003-4M10 #16; 2003-4M10 #17).

The second problem involved an extraneous number. About two-thirds of white (64%) and Asian/PI (66%) 4th-graders correctly responded that 3 × 5 would produce the total number of fish, whereas only 37% of black students, 43% of American Indian students, and 45% of Hispanic students answered correctly. While only 22% of white students and 26% of Asian/PI students chose the option involving adding the three given numbers (option D), 43% of black students, and just over one-third of Hispanic (34%) and American Indian (35%) students chose that option. 

The results of these items stand in contrast to a more traditional computation item (2003-4M6 #1) on which the vast majority of students from every subgroup answered correctly. When asked to add 238 and 462, between 84% and 93% of each group answered correctly at Grade 4 (and, as noted above, roughly 90% of each subgroup responded correctly to this same item at Grade 8). Taken together, the evidence suggests that issues other than computational skill were the key to performance disparities.

The third item with large disparities at Grade 4 was a multiple-choice probability problem asking students to choose the bag that provides the best chance of drawing a red marble (bags with 10, 100, and 1,000 marbles but each having just one red marble). Whereas 73% of white students and 66% of Asian/PI students correctly chose the bag with only 10 marbles, only about half of black (49%), Hispanic (52%), and American Indian (52%) students answered correctly. The most popular incorrect answer was the largest bag, an option selected by twice as many black students (28%) as white (14%) or Asian/PI (15%) students (and chosen by 24% of Hispanic students and 22% of American Indian students). 

Finally, an extended constructed-response item asked students to list the nine possible combinations resulting from three ice cream flavors and three serving containers. While over half of white (55%) and Asian/PI (54%) students gave a “satisfactory” or “extended” response, less than one-fourth of black students (24%) and less than one-third of Hispanic (29%) and American Indian (32%) students gave such a response. Significantly more black (11%), American Indian (11%) and Hispanic (9%) students omitted the item than Asian/PI and white students (5%). 

Consistent with the strand disparities discussed above, there were several measurement items with large disparities, yet many of these items were not released. The released 4th-grade measurement item (2003-4M10 #1) with the largest disparities asked students to identify the object that would typically be measured in feet. (This item was among the 30 items with the largest black-white and Hispanic-white gaps and among the 32 items with the largest American Indian-white gaps.) Options given were “thickness of a coin,” “length of a paperclip,” “length of a car,” and “distance between New York City and Chicago.” While 76% of white students and 72% of Asian/PI students correctly chose “car,” these percentages were only 52, 56, and 59 for black, Hispanic, and American Indian students, respectively. The most popular incorrect answer for each group was “paper clip,” chosen by significantly more black (23%) and Hispanic students (22%) than white (13%) or Asian/PI students (14%).

Eighth-Grade Items With Large Disparities
The three items identified as having large race/ethnicity–related disparities at Grade 8 included a SCR algebra item, an SCR data analysis item, and a multiple-choice geometry item (see Figure 9.9). The SCR algebra item asked students to shade an inequality on a number line. Just over half of white (53%) and Asian/PI (51%) students answered correctly, while only 30% of Hispanic and American Indian students and 22% of black students answered correctly. 
[image: image12.png]On the number line below, shade the part of the line that shows the set of all numbers greater than or
equal to -1 and less than or equal to 3.
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What is the length of the toothpick in the figure above?

Figure 9.9. Eighth-grade items with largest performance differences by racial/ethnic group

(2003-8M6 #24, 2003-8M7 #3, 2003-8M6 #18).
In another problem involving a number line (2003-8M6 #16), students were asked to place a dot where 3/4 would be, given the points 0, 1/2, and 1. This item was among the 30 released items with the largest black-white and Hispanic-white gaps (but not American Indian–white gaps), with 72% of white 8th-graders responding correctly, but only 45% of black and 50% of Hispanic students responding correctly. However, on a multiple-choice item that also pertained to fractions (2003-8M6 #2), at least 90% of black and Hispanic students could correctly choose the shaded rectangular representing 3/4. Taken together, the evidence suggests that black and Hispanic students (and American Indian students to a lesser extent) get less experience with number line representations than do white and Asian/PI students.

The second item with large disparity asked students whether surveying attendants at a baseball game would be a good strategy for collecting data about favorite sports. A response was considered correct if it noted that the sample would be biased toward baseball fans. A much larger percentage of white (54%) and Asian/PI (47%) students answered correctly, when compared with black (25%), Hispanic (28%), and American Indian (31%) students. Omit rates were highest for black (9%) and Hispanic (10%) students, and more black (10%) and Hispanic (7%) students than others did not reach this problem. Still, almost half of black and Hispanic students (compared with only 27% of white students) responded that sampling opinions at a baseball game would be a good way to collect the data (e.g., “Because people there like sports” or other reasons.) 

Finally, a multiple-choice geometry item (Figure 9.9) asked 8th-graders to find the measure of a missing angle in a triangle. A much higher percentage of white (58%) and Asian/PI (62%) students than black (33%), Hispanic (36%), and American Indian (34%) students correctly identified that the third angle of the triangle is 82 degrees. While there were not large differences in the numbers of students from each subgroup choosing the incorrect answers A, C, and D, black (39%), Hispanic (34%), and American Indian (39%) students were roughly twice as likely as white (17%) and Asian/PI (19%) students to choose option E, which is the sum of the two given numbers in the problem. Again, this approach of “combine the given numbers” is consistent with performance patterns in the fish bowl item above, suggesting disparities in students’ experiences with reasoning through problems that call for more than simple computations with given numbers. 

The item with the largest black-white gap of all items at Grade 8 (and the largest Hispanic-white gap of any released item) was an SCR measurement item regarding the length of a toothpick (Figure 9.9). Although the American Indian–white gaps were not among the largest on this item, the magnitude of the black-white and Hispanic-white gaps on this item are cause to include attention to it here. While 69% of white 8th-graders correctly answered that the length of the toothpick was 2.5 inches, only 26% of black and 43% of Hispanic 8th-graders answered correctly. About one-fourth of black and Hispanic students responded “3.5 inches,” indicating a focus on the numbers on the ruler and not the spaces as units of measurement. More than twice as many black students (18%) as students in other subgroups responded “10.5 inches,” perhaps indicating an orientation toward a rote measurement process, rather than an understanding of the concept. This item was given at Grade 4 also, where 27% of white 4th-graders responded correctly--much more than the 5% of black and 10% of Hispanic 4th-graders (and even more than the 26% of black 8th-graders) responding correctly.

Taken together, the 4th- and 8th-grade items with the largest disparities point toward differences in students’ knowledge of underlying mathematical processes, as well as differences in exposure to nonroutine problems. The evidence suggests that black, Hispanic, and American Indian students could be exposed to relatively less of the curricular shift toward conceptual understanding and complex problem solving called for by NCTM (1989, 2000). In the next section, we consider survey data collected from students, teachers, and schools as a means of shedding additional light on these and other instruction-related disparities in students’ experiences.

STUDENT, TEACHER, AND SCHOOL SURVEY DATA

NAEP data are not designed for making cause-and-effect inferences regarding instructional methods and student outcomes. However, analyses of NAEP student, teacher, and school questionnaires can reveal similarities and differences in students’ backgrounds, beliefs, and experiences, thereby illuminating factors that could shape the achievement differences noted above. 

Student Beliefs and Attitudes

It is important to consider data on students’ mathematical attitudes and beliefs, which, although shaped by a variety of factors, are likely linked to both students’ mathematics achievement and the instruction they receive. The beliefs and attitudes of students could be considered both an outcome of their instructional opportunities, as well as a potential factor in shaping the achievement differences outlined above. 

NAEP survey questions (see chapter 1) ask students to indicate their level of agreement with various statements about themselves and mathematics. For most of these variables, there were more similarities than differences in students’ responses when compared across subgroups. Still, some differences were large enough to merit discussion. 

Table 9.3

Student Agreement With Statements About Themselves and Mathematics by Race/Ethnicity, 2003 

	
	Grade
	Percentage Agreeinga


	
	
	White
	Black
	Hispanic
	Asian/PI
	Am. Indian

	I like mathematics.b

	4

8


	45

47
	50

55
	49

47
	56

58
	48

45

	I am good at mathematics.b
	4

8


	52

62
	49

61
	43

48
	56

64
	41

51

	I understand most of what goes on in mathematics class.b
	4

8


	61

75
	51

74
	49

68
	63

81
	46

68

	All students can do well in mathematics if they try.
	4

8


	84

65
	82

80
	82

81
	87

78
	80

75

	Learning mathematics is mostly memorizing facts.
	4

8


	41

29
	52

50
	52

44
	45

34
	48

46

	There is only one correct way to solve a mathematics problem.
	4

8


	11

7
	22

10
	25

13
	12

8
	26

15

	Mathematics is useful for solving everyday problems.
	4

8


	70

71
	58

78
	59

73
	66

75
	57

69


a In Grade 8, the response options were “strongly agree,” “agree,” “undecided,” “disagree,” and “strongly disagree.” In this table, the “percentage agreeing” represents the sum of the percentages selecting “agree” and “strongly agree.” 

b In Grade 4, the response options for these first three questions were, “A lot like me,” “A little like me,” and “Not like me.” The percentage reported here is that of students responding, “A lot like me.” For the remaining questions, the response options were “agree,” “unsure,” and “disagree.” 

Attitudes Toward Mathematics
Between 45% and 56% of 4th-graders from each subgroup reported liking mathematics (see Table 9.3). Although differences were relatively small, Asian/PI 4th-graders were significantly more likely than other groups to report that they like mathematics, while white 4th-graders were significantly less likely than their peers to report liking mathematics. Between 45% and 58% of 8th-graders reported liking mathematics, with more Asian/PI and black 8th-graders reporting this than their American Indian, white, and Hispanic peers.
 

At both 4th and 8th grades, Hispanic and American Indian students were significantly less likely than all other groups to agree with the statement “I am good at mathematics.” Also at both grades, the frequency of agreement was highest for Asian/PI students (although differences between Asian/PI students and white and black students were small and not significant at Grade 8). 

These disparities in mathematical confidence continue with students’ responses to the statement “I understand most of what goes on in mathematics class.” At Grade 4, white and Asian/PI students were significantly more likely than their peers to agree, whereas Hispanic and American Indian students were significantly less likely to agree. At Grade 8, patterns were similar, with more Asian/PI students agreeing that they understand most of mathematics class, and relatively few Hispanic and American Indian students agreeing.

Beliefs About Mathematics 

The level of agreement with the statement “All students can do well in mathematics if they try” was strikingly similar across all subgroups at Grade 4, with between 82% and 87% of each group agreeing with the statement. There was also much consistency across the subgroups at Grade 8, with the exception of white students who were significantly less likely than the others to agree with the statement (only 65% versus roughly 80%). This is consistent with what Strutchens et al. reported regarding the 2000 data--white 8th-graders were less likely than their black and Hispanic peers to agree with this statement. One hypothesis made by Strutchens et al. (2004) for this disparity is course taking differences that might be emerging in 8th grade. However, the fact that Asian/PI students also tend to agree with the statement raises further questions about the reasons underlying this pattern.

Previous examinations of 2000 NAEP data revealed that white students were less likely than black or Hispanic students to agree with the statements “Learning mathematics is mostly memorizing facts” and “There is only one correct way to solve a mathematics problem” (Strutchens et al., 2004). Moreover, a more in-depth analysis revealed that the level of disagreement with these statements correlated positively with achievement and that this correlation persisted even after controlling for demographic differences among students (Lubienski, Camburn, & Shelley, 2004). Hence it is again important to examine disparities in students’ level of agreement with these statements. 

According to the 2003 data, white 4th-graders (41%) were significantly less likely than their peers to agree with the statement “Learning mathematics is mostly memorizing facts,” while black and Hispanic 4th-graders (52% each) were significantly more likely than other subgroups to agree. At 8th grade, a significantly smaller percentage of white (29%) and Asian/PI (34%) students agreed that mathematics learning is fact memorization, in contrast with half of black students, 46% of American Indian students, and 44% of Hispanic students. 

Relatively few students expressed agreement with the statement “There is only one correct way to solve a mathematics problem.” Still, whereas roughly one-quarter of American Indian, black and Hispanic 4th-graders agreed with the statement, significantly fewer Asian/PI (12%) and white (11%) 4th-graders expressed agreement. Even fewer 8th-graders agreed that there is a single correct solution path for mathematics problems, but still the pattern persisted that white and Asian/PI students expressed the least amount of agreement.
At both 4th and 8th grades, the majority of students in each subgroup indicated agreement with the statement “Mathematics is useful for solving everyday problems.” White 4th-graders (70%) were significantly more likely than Asian/PI 4th-graders (66%), who were significantly more likely than other subgroups (57–59%) to agree that mathematics is useful for solving everyday problems. However, these race/ethnicity–related patterns did not persist at Grade 8.

School Classifications and Experiences

School administrators, teachers, and students were asked a variety of survey questions regarding students’ experiences in schools—experiences which could potentially shape the achievement and affective disparities discussed above. School administrators were asked whether each participating student was categorized as learning disabled or limited English proficient (LEP). Teachers were asked about their backgrounds and teaching practices. Students were asked how often they participated in particular instructional activities, as well as the frequency with which they used various instructional tools. Many questions asked of teachers and students in 2003 were inconsistent between 4th and 8th grades, and many questions asked of teachers in 2000 were not asked in 2003 (such as questions about curricular emphases, familiarity with the NCTM Standards, and frequency of some instructional practices). Here we report on the data that were available in 2003, focusing on similarities and differences across subgroups. 

Disability and LEP Status

There were striking race/ethnicity–related disparities in the percentage of students categorized by the school as having a learning disability (see Table 9.4). Specifically, at each grade level Asian/PI students (6–7%) were significantly less likely than all other groups to be categorized as having a disability, whereas American Indian students (15–17%) were significantly more likely--more than twice as likely as Asian/PI students at Grade 4 and almost three times as likely at Grade 8. At Grade 4, black students (12%) were significantly more likely than white and Hispanic students (10%) to be classified as having a disability, while at Grade 8, both black and Hispanic students (12%) were significantly more likely than white students (10%) to be classified.


Over one-third of Hispanic 4th-graders and almost one-quarter of Hispanic 8th-graders were classified by their school as being LEP. This was significantly more than the percentages for other groups. Still, a substantial number of American Indian students (25% and 11% at Grades 4 and 8, respectively) and Asian/PI (20% and 14% at Grades 4 and 8) students were classified as LEP. In contrast, only 1% of white and black students in both 4th and 8th grades were classified as LEP. 

Table 9.4

Percentage of Students From Each Subgroup Classified by School as Having Disability or Limited English Proficiency 

	  
	Classified as Having Disability
	Classified as LEP



	
	4th
	8th
	4th
	8th

	White
	10%
	10%
	1%
	1%

	Black
	12%
	12%
	1%
	1%

	Hispanic
	10%
	12%
	38%
	24%

	Asian/Pacific Islander
	7%
	6%
	20%
	14%

	American Indian
	15%
	17%
	25%
	11%


Course Taking

NAEP’s 8th-grade student survey included the question “What mathematics class are you taking this year?” As Table 9.5 reveals, Asian/PI students (40%) were significantly more likely than white (31%), Hispanic (24%), black (17%), and American Indian (16%) students to report taking first-year algebra in Grade 8. Similarly, significantly more Asian/PI 8th-graders (6%) reported taking geometry than did the other subgroups (2–3%). While roughly 40% of black, Hispanic, and American Indian students reported taking 8th-grade math, this percentage was significantly less for Asian/PI (24%) and white (31%) students. Few students (roughly 2%) reported taking “Integrated Mathematics,” but significantly more white and Asian/PI students than black or Hispanic students reported this. 

In general, the patterns in achievement across courses were not surprising--geometry students scored higher than algebra 1 students, who, in turn, scored higher than prealgebra and 8th-grade mathematics students. This pattern was consistent across each racial/ethnic group. Achievement in second-year algebra did not follow the expected pattern, which raises questions about the validity of this variable (i.e., students might have diverse understandings of the meaning of this course title). 

The achievement of black, Hispanic, and American Indian students within most courses was significantly lower than that of white/Asian/PI students reportedly taking the same courses. Moreover, the black and Hispanic students taking algebra 1 scored roughly equal to or slightly lower than Asian/PI and white students in 8th-grade math, raising questions about the rigor of algebra courses in high-minority middle schools.

Table 9.5

Mean Achievement and Percentage of Students From Each Subgroup by 8th-Grade Course

	  
	8th-Grade Math
	Prealgebra
	1st-Year Algebra
	Geometry
	2nd-Year Algebra
	Integrated Math

	
	Mean scale score
	Row %
	Mean scale score
	Row %
	Mean scale score
	Row %
	Mean scale score
	Row %
	Mean scale score
	Row %
	Mean scale score
	Row %

	White
	276
	31%
	280
	29%
	306
	31%
	313
	2%
	304
	2%
	304
	2%

	Black
	247
	41%
	252
	33%
	270
	17%
	254
	3%
	254
	2%
	261
	1%

	Hispanic
	255
	38%
	257
	26%
	273
	24%
	269
	2%
	257
	3%
	274
	1%

	Asian/PI
	272
	24%
	274
	21%
	306
	40%
	330
	6%
	292
	4%
	315
	2%

	American Indian
	256
	42%
	266
	32%
	284
	16%
	----
	3%
	----
	1%
	----
	1%


Teachers and Teaching

The data concerning the background characteristics, teacher preparation, and teaching practices of Grade 4 and 8 mathematics teachers are elaborated in chapter 8. In the following section we highlight the most striking data regarding these aspects as they relate to racial/ethnic differences and disparities. We encourage interested readers to examine the on-line data tool for statistics concerning the survey items reported in this section.

  Teacher race/ethnicity. Numerous reports already document an increasingly diverse student population and homogenous teaching force (e.g., Current Population Survey).
 The NAEP data provide further evidence for this trend, indicating that black and Hispanic teachers are under-represented when compared with the U.S. population. One way of viewing this disparity is to consider that while about 94% of white students have teachers who share their race/ethnicity, only a small percentage (ranging from 8% to 34%) of students from other subgroups share their teacher’s race/ethnicity. 

  Teachers’ educational background. Overall, NAEP measures reveal remarkably little variation in teachers' educational backgrounds across student subgroups. However, the reader should note that these data are self-reported and do not provide information about the quality of teachers’ learning.
 One small but potentially important difference at Grade 8 is that a higher percentage of white (32%) and Asian/PI (33%) students had teachers who were mathematics majors, when compared with black (26%), Hispanic (27%), and American Indian (25%) students (differences between white and black/Hispanic students were significant). Consistently across groups, students with teachers who were undergraduate mathematics majors scored a significant 7–15 points higher than those students who had a teacher with no mathematics emphasis. Although the causal order is unclear (i.e., do teachers with mathematics majors produce higher achievement or do high achieving students tend to be placed with more mathematically knowledgeable teachers, or both), it is possible that differential access to teachers with mathematics degrees is one contributing factor to race/ethnicity–related achievement disparities. 
  Teacher certification and experience. Grade 4 black (85%) and Hispanic (83%) students were significantly less likely to have a teacher with a regular certificate than were white (91%) and American Indian students (91%). Black (25%), Hispanic (20%), and Asian/PI students (27%) were the least likely to have teachers with 20 or more years of experience, while more white (32%) and American Indian (36%) students such teachers. At the 8th grade, black (80%), Hispanic (83%), and Asian/PI students (86%) were significantly less likely to have a teacher who held a regular credential than were white (88%) and American Indian (91%) students. Grade 8 white students (32%) were the most likely to have teachers with 20 years of experience—significantly more so than black (26%) and Hispanic (23%) students, but not statistically different than American Indian (27%) and Asian/PI (29%) students. 

  Professional development. In 2003, for the first time, 4th- and 8th-grade teachers were asked about the mathematics professional development formats
 in which they participated and/or led during the previous two years. Teachers of white students participated significantly less often than teachers of black and Hispanic students in a variety of professional development formats, including workshops and study groups. This disparity could be due to the extra efforts to raise student performance in high-poverty schools in which there are disproportionate numbers of black and Hispanic students.

  Instructional practices. NAEP asked teachers and students about a variety of instructional practices, including how often they use collaborative group work, manipulatives, textbooks, various forms of assessment (including problem sets, projects, and multiple-choice tests), and computers and calculators in the classroom. There were few clear race-related patterns for most of these variables. For those factors for which there were patterns, the evidence was mixed in terms of which subgroups appeared to have access to instruction aligned with current reforms (e.g., NCTM, 2000). For example, on the one hand, black students in both grades seemed to engage in more discourse-oriented instruction than other subgroups. On the other hand, 4th-grade black (30%) students were twice as likely to have a teacher who reported weekly use of multiple-choice assessments than white (14%) or Asian/PI (15%) students. Additionally, black students reported more regular use of calculators than other subgroups at Grade 4, while white students reported more use than others at Grade 8. 

Administrator-Reported Parent Involvement 

School administrators were asked a variety of questions about parent involvement in the schools. Significantly more Asian/PI and white students had administrators who reported that schoolwide parental support for student achievement was “very positive.” Similarly, at both 4th and 8th grades, Asian/PI and white students were much more likely than black and American Indian students to have their administrator report high rates of parent-teacher conference attendance. Differences were most marked at Grade 4, where roughly 80% of white and Asian/PI students attended schools with high (at least 75%) parent attendance at conferences, compared with 47% for black, 58% for American Indian, and 67% for Hispanic students. Patterns in participation for PTA involvement, parent volunteerism, and attendance at school open houses were similar, with substantially more white and Asian/PI students attending schools in which parents were reported to regularly participate in these activities.

Lareau’s (1987) work on parent-school relationships cautions us against concluding that parents who are less involved in schools do not “care” about their children. Differences in parents’ work schedules, transportation availability, childcare needs, as well as parents’ comfort levels within schools, can contribute to some parents being better positioned to participate in school functions than others. NAEP data can help us understand some of the differences in parent involvement, as perceived by school administrators. However, we caution readers against placing “blame” on parents for these disparities, especially given that schooling practices may delimit the ways in which parents can contribute. Hopefully such data can inform schools’ efforts to equitably involve parents in school activities.

Student-Reported Home Environment 

NAEP surveyed students about a variety of factors that relate directly or indirectly to the environment and academic support that students experience at home. There were more similarities than differences in many of these variables, including the amount of time students reported spending on homework and the percentage of students who reported having daily discussions about school with a family member, although the frequency of such discussions for black students was slightly higher than that of other subgroups. There were more striking race/ethnicity–related differences for other variables, including the frequency of students’ school attendance and television viewing.

School Absences 

Consistent across 4th and 8th grades, Asian/PI students (11–14%) were significantly less likely than other subgroups to report missing three or more days of school in the prior month, while American Indian students (31–33%) were significantly more likely than their peers to report this (percentages for other subgroups ranged from 21% to 25%). Our examinations of the relationship between student-reported school attendance and mathematics achievement revealed a consistent, positive relationship for each subgroup. Although causal conclusions cannot be drawn from these data, it is possible that school attendance is one factor in the gaps between American Indian as compared with white and Asian/PI students. 

Television Viewing
The hours of daily TV watching reported by students are disturbingly high, with black students reporting much higher rates of TV viewing than other subgroups (see Table 9.6). Almost half of black 4th-graders and over half of black 8th-graders reported watching four or more hours of TV on school days. Moreover, roughly one-third of black 4th- and 8th-graders reported watching six or more hours daily—roughly double the percentage for non-Hispanic subgroups at Grade 4, and more than double the percentage of all other subgroups at Grade 8. 

However, a second pattern of interest is that TV viewing did not correlate with achievement consistently across subgroups, especially at Grade 8. For example, the mean achievement of white and Asian/PI 8th-graders who watched “one hour or less” of TV was significantly higher than the mean for those watching more, whereas the mean achievement among black and Hispanic 8th-graders was highest for those who watched four to five hours of TV daily. These are correlations only--not evidence of causal relationships. The differences in the correlations across the various subgroups suggests that TV watching may be serving for a proxy of something else, such as SES, and that the relationship between TV permissiveness and these factors might vary by culture. In fact, Lareau’s (2002) study of child rearing practices suggests that social class is likely an underlying factor in these patterns in TV viewing. She found that both black and white middle-class families were more likely to involve their children in organized activities after school, while working-class families were more likely to allow their children to play with nearby family/friends and to watch TV. Lareau’s conclusion that middle-class parents may tend to overschedule their busy children caution us against inferring from these data that white, middle-class child rearing practices are necessarily “better.” Still, a consistency across all groups was that the students who reported watching “six hours or more” scored lower than peers with more moderate viewing habits. Hence, across all subgroups, this intense degree of television watching seems to correspond in some way with less support for student learning.
 

Table 9.6

Mean Achievement and Percentage of Students in Each Subgroup by Response to the Question, “On a School Day, About How Many Hours Do You Usually Watch TV or Videotapes Outside of School?”
	  
	None
	1 Hour or Less
	2–3 Hours
	4–5 Hours
	6 Hours or More

	4th Grade
	Mean scale score
	Row %
	Mean scale score
	Row %
	Mean scale score
	Row %
	Mean scale score
	Row %
	Mean scale score
	Row %

	White
	235
	9%
	244
	29%
	248
	33%
	246
	13%
	235
	16%

	Black
	208
	13%
	214
	19%
	222
	21%
	223
	13%
	214
	34%

	Hispanic
	213
	12%
	220
	27%
	227
	27%
	229
	13%
	219
	22%

	Asian/Pacific Islander
	248
	14%
	249
	32%
	251
	28%
	245
	11%
	234
	15%

	American Indian
	211
	17%
	223
	27%
	232
	25%
	230
	13%
	220
	18%

	8th Grade

	White
	285
	4%
	293
	27%
	290
	43%
	285
	15%
	272
	10%

	Black
	239
	4%
	250
	12%
	257
	30%
	258
	23%
	248
	31%

	Hispanic
	248
	4%
	257
	20%
	262
	41%
	263
	20%
	253
	15%

	Asian/Pacific Islander
	296
	7%
	298
	27%
	291
	40%
	289
	16%
	276
	10%

	American Indian
	245
	6%
	265
	23%
	266
	41%
	265
	19%
	257
	12%


DISCUSSION

For more than a decade, NCTM (1989, 1991, 2000) has promoted curricular and pedagogical reform intended to increase mathematics achievement and reduce inequities. According to the results presented in this chapter, there has been significant progress, but much work remains. NAEP data indicate that mathematics achievement has increased for every racial/ethnic subgroup. Black-white and Hispanic-white achievement gaps narrowed slightly between 2000 and 2003. Still, gaps between white or Asian/PI students and the other three subgroups are very large, with the black-white gap being a full standard deviation in size. 

Our analysis of item types and mathematical strands revealed that race/ethnicity–related disparities were particularly striking within the measurement and data analysis strands. Our examination of the specific mathematics items with the largest race/ethnicity–related disparities suggested that black, Hispanic, and American Indian students had more of a tendency than white and Asian/PI students to apply rote procedures to the given numbers instead of attending to what the problem called for.

Race/ethnicity–related disparities in mathematics achievement were found to persist even after accounting for differences in economic background (as approximated by school lunch eligibility). Specifically, the relatively poor, lunch-eligible white and Asian/PI students scored roughly equal to, or higher than the lunch-ineligible black and Hispanic students. 

These results raise the question of how these gaps in performance can be explained. It should be noted that even when gaps appear to be rooted in “SES” differences, such differences do not actually “explain” the gaps (Secada, 1992).
 But black-white gaps that persist after considering SES raise further questions about explanatory factors. In recent years, many researchers have struggled to understand underlying causes of race-related achievement gaps. Clearly, SES differences do account for substantial portions of the gaps (Jencks & Phillips, 1998; Lubienski, 2002; Peng, Wright, & Hill, 1995). Other scholars have considered the role of teacher expectations, school structure, school funding, student motivation, and student resistance (e.g., Banks, 1988; Cook & Ludwig, 1998; Ferguson, 1998a, 1998b; Ogbu, 1994; Payne & Biddle, 1999; Steele & Aronson, 1998). Most large-scale studies have tended to focus on the overall academic performance and experiences of students, as opposed to an examination of achievement and instructional practices in a particular subject area. The analyses of the 2003 NAEP mathematics data presented in this chapter shed additional light on disparities in students’ mathematics learning experiences. Although NAEP data are not designed for determining causal relationships, differences in students’ experiences and beliefs can shed light on potentially important factors related to school mathematics achievement.

There were several aspects of students’ beliefs and experiences that did not correlate with achievement disparities. For example, black and Hispanic students were at least as likely as white students to report liking mathematics and talking with peers about their solutions to mathematics problems. There were also few consistent race/ethnicity-related disparities in the frequency of manipulative use, computer use, and most forms of assessment, such as problem sets or projects. Additionally, black and Hispanic students were at least as likely as white students to have teachers who reported having regular professional development.

However, this study identified several differences in students’ beliefs and experiences that could relate to achievement disparities. White and Asian/PI students were more likely than others to hold beliefs aligned with current reforms including the beliefs that mathematics learning is not simply fact memorization and that there is more than one way to solve a mathematics problem. Lubienski, Camburn, & Shelley (2004) found that this belief correlated positively with achievement even after controlling for student race and SES. Asian/PI students were the most likely subgroup to express mathematical confidence, while Hispanic and American Indian students were least likely. Hispanic and American Indian 4th-graders were about twice as likely as white and Asian/PI 4th-graders to be assessed weekly with multiple-choice tests. White and Asian/PI 8th-graders also had more access to calculators on quizzes and tests. 

The course-taking data revealed that Asian/PI 8th-graders were more likely than those of other subgroups to report taking algebra or geometry. Black and American Indian students were least likely to report taking algebra in Grade 8. The fact that the black and Hispanic students who reported taking 8th-grade algebra scored similarly to Asian/PI and white students who reported taking “8th-grade math” also raises questions about the rigor of “algebra” in high-minority schools. 

Differences in teacher background indicate some ways in which black and Hispanic students had less access to highly qualified teachers. Black and Hispanic students were the most likely to have inexperienced teachers and to have a teacher with a limited teaching credential or none at all. Additionally, more white and Asian/PI 8th-graders than others had a mathematics teacher who majored in mathematics. Furthermore, despite increasingly diverse classrooms, the teaching force remains overwhelmingly white. Hence another way in which white students may be advantaged is by having a mathematics teacher who shares their race/ethnicity; such a teacher provides vivid, daily evidence to students that someone of their own race/ethnicity can succeed in mathematics. 

School administrator–reported data shed light on other aspects of students’ school experiences. American Indian students were more likely than others to be classified as having a disability, whereas Asian/PI students were the least likely to be classified in this way. Administrators of Asian/PI and white students were much more likely than administrators of black and American Indian students to report that parents were actively involved in school activities. 

Finally, data from students’ surveys illuminated some similarities and differences in students’ home environments and support for schooling. Black students were more likely than their peers to report watching several hours of TV on school days, with about half watching four or more hours and one-third watching six or more hours. Still, black students were slightly more likely than students of other subgroups to report having conversations about their school studies with a family member on a daily basis. Another indicator of family support for schooling is the regularity with which students attend school. American Indian students were the most likely group to report missing school three or more days in the preceding month, while Asian/PI students were the least likely. 

In summary, the patterns in the NAEP data reveal many areas in which students appear to be differentially supported in their mathematics learning, including within their schools, classrooms, and homes. These patterns were often very different for black, Hispanic, and American Indian groups, suggesting that there is no single set of variables that has uniformly shaped the achievement disadvantages between each of these subgroups and white and Asian/PI students. Closing achievement gaps will require in-depth attention to the strengths and needs of each underrepresented subgroup. 
 Clearly, the factors underlying race/ethnicity–related achievement disparities are complex, and many are beyond the scope of NAEP data. Examples include school funding, class size, tracking, teachers’ expectations of students, teachers’ involvement with students outside of the classroom, summer academic gains/losses, and the many more subtle aspects of students’ opportunities to learn mathematics (see Farkas, 2003; Tate, 1995). 

Several of the school-related disparities identified here are beyond the traditional scope of mathematics educators, including differential rates of disability identification and free lunch eligibility, as well as disparities in the qualifications of teachers. Moreover, it is difficult to know how—and even in some cases whether—mathematics educators should address home-related issues such as race/ethnicity–related differences in students’ school attendance, students’ television viewing, and parent involvement in schools. In an effort to highlight institutional and societal causes of inequities and to avoid placing “blame” on underserved families, educators have avoided emphasizing differences in students’ home environments in recent decades (Lubienski, 2003; Wilson, 1987). However, the NAEP data do indicate several areas of home-related differences that might relate in some ways to students’ differential school performance. 

Again, caution is necessary when interpreting these differences, being mindful of both socioeconomic disparities (that align with race/ethnicity) that can differentially position parents to participate in schools in ways that school administrators expect and value (e.g., Lareau, 1987, 2002), as well as historical differences in various racial/ethnic groups’ experiences in the United States (e.g., Ogbu, 1994). 

Differences in students’ mathematics classroom experiences are likely of most interest to mathematics educators, as these are the aspects they are best positioned to address. Although the instruction-related differences identified here might appear minor when compared with the many similarities, some differences in students’ experiences--such as the disparities in 4th-grade multiple-choice assessment use and 8th-grade calculator use--suggest a pattern of black, Hispanic, and American Indian children tending to be taught and assessed with a relatively greater emphasis on low-level skills. Perhaps more importantly, differences in students’ performance on nonroutine mathematics problems combined with the disproportionate numbers of black, Hispanic, and American Indian students who view mathematics learning as memorization suggests that these students are less likely to experience mathematics learning as envisioned by the NCTM Standards. 

These findings are consistent with previous NAEP analyses, in which race/ethnicity-related differences in students’ beliefs and classroom experiences were found to persist even after controlling for SES differences (Lubienski, 2002; Lubienski & Shelley, 2003). These differences are reminiscent of those revealed in Anyon’s (1981) study, in which lower-SES students were found to receive more drill-based instruction, whereas higher-SES students were taught problem solving and reasoning skills. Other scholars (Ladson-Billings, 1997; Means & Knapp, 1991) have made similar observations about the tendency for African-American children to receive more drill-based instruction focusing on basic computational skills. This chapter provides similar evidence regarding Hispanic and American Indian students as well. Overall, the evidence suggests that, 50 years after Brown v Board, schools continue to employ some unequal educational practices with students on the basis of race in addition to SES. The differences in teacher qualifications and student disability identification identified in this chapter further emphasize this point.

Still, one cannot conclude that the race/ethnicity–related differences identified in this chapter are the cause of achievement disparities. For example, the instructional practices reported for each student are only those the student is encountering at the time the NAEP assessment is administered; students’ experiences in previous years with other teachers are not reflected in the NAEP classroom practice data. Additionally, differences in student achievement might precede differential access to instructional resources and practices. Hence, readers are cautioned against leaping to causal conclusions based on the findings reported here.

CONCLUSION

NAEP data continue to reveal large race/ethnicity–related disparities in mathematics achievement, as well as both similarities and differences in students’ attitudes and beliefs and experiences at both school and home. This study raises but does not answer questions regarding the reasons for the disparities identified here. More in-depth studies about the mathematics learning of particular racial/ethnic groups are necessary to complement large-scale, descriptive studies such as this. Such work has already begun. For example, readers interested in learning more about the mathematics education of particular racial/ethnic groups should refer to the recent NCTM series “Changing the Faces of Mathematics,” which contains a volume on African American students (Strutchens, Johnson, & Tate, 2000), Latino/a students (Ortiz-Franco, Hernandez, & De La Cruz, 1999), Native American students (Hankes & Fast, 2002), as well as on Asian American and Pacific Islanders students (Edwards, 1999).

In accordance with NCTM’s (2000) vision of mathematical power for all, researchers must continue to monitor and seek to address inequities in both outcomes and instructional practices that relate to such outcomes. The NAEP offers one avenue for examining disparities in achievement, student/teacher attitudes, school experiences, and home environments. The patterns identified in this study set the stage for additional studies to determine the complex factors at work in shaping these differences and suggest avenues for reducing inequities.
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Highlights

· White, black, and Hispanic students’ mean scores were significantly higher in 2003 than in any assessment year since 1990. 2003 scores for Asian/Pacific Islander and American Indian/Alaskan Native students also showed improvement over prior assessment years. 

· White-black and white-Hispanic mathematics achievement gaps, while still large, significantly decreased between 2000 and 2003. 

· Average scores for Asian/PI 4th- and 8th-graders were three points higher than those of white students. At Grade 4, white students scored 20 points higher than American Indian students, 21 points higher than Hispanic students, and 27 points higher than black students. At Grade 8 these differences were 25, 29, and 36 points, respectively. The white-black gaps were roughly a full standard deviation at each grade level.

· Mean scores of white and Asian/PI students eligible for free/reduced lunch were roughly equal to or higher than scores of the black and Hispanic students not eligible for free/reduced lunch. 

· Measurement and data analysis were the two strands with the largest disparities between white students and their black, Hispanic, and American Indian peers. 
· An analysis of individual item responses indicated some ways in which more black, Hispanic, and American Indian students approached nonroutine problems in a relatively rote, rather than conceptual, manner.
· Asian/PI students most consistently reported liking mathematics and feeling confident in their abilities. Hispanic and American Indian students expressed relatively little confidence in their mathematical abilities. White and Asian/PI students were less likely than others to agree that “Learning mathematics is mostly memorizing facts” and “There is only one way to solve a math problem.”
· Asian/PI students were less likely than other subgroups to be classified as having a disability, whereas American Indian students were the most likely to be categorized in this way. 

· White students were far more likely than others to have a teacher who shared their race/ethnicity. 

· Black, Hispanic, and Asian/PI students were more likely than others to have a teacher with a limited or no teaching credential. Black and Hispanic students were the most likely to have inexperienced teachers. More white and Asian/PI 8th-graders than others had a teacher who majored in mathematics.

· Black students reported watching more TV than other subgroups, with about one-third reporting six or more hours daily. However, black students were more likely than others to report regularly discussing their school studies with a family member. 
� Students are assigned to one of these categories based on school records. This is a departure from previous years in which race/ethnicity was self-reported by students and then supplemented by school records when needed. Although not all scholars would agree that these racial/ethnic categories are the most appropriate, we use them to be consistent with the NAEP survey data. We use the term racial/ethnic to convey that some of these terms refer to categories traditionally conceived as “racial differences” (e.g., black versus Asian) while others refer to categories more related to ethnicity (e.g., “Hispanic” students would traditionally be considered to be of the same race as “white” students but having differences in ethnicity). When the term subgroup is used in this chapter, it is implied that we are discussing subgroups who differ in race/ethnicity, as defined by the NAEP variable. For the sake of brevity, the American Indian/Alaskan Native category will be referred to as “American Indian.” 


� NCES has warned that American Indian sample sizes were not sufficient to create reliable estimates at grades 4 and 8 in 1990 and 1992, and at Grade 8 in 1996. Additionally, the Asian/PI samples were considered unreliable at Grade 4 in 2000 and at Grade 8 in 1996 (Braswell, Daane & Grigg, 2003). Figures 9.1 and 9.2 contain the data available via the Web tool (see chapter 1), but comparisons and significance tests involving these limited samples are not reported here.


� However, using a stronger, multifaceted SES variable, Lubienski & Shelley (2003) found that this pattern weakened considerably, yet substantial (13-20 points) black-white and Hispanic-white gaps remained.


� The scales for reporting this and many other survey variables differed in 2003 from previous years. The responses “agree,” “unsure,” and “disagree” were replaced with “a lot like me,” “a little like me,” and “not like me” for some questions at Grade 4 (see table note). For other survey items at Grade 4 and 8, the order in which the response options was presented was reversed, making it difficult to draw conclusions about slight changes in percentages of students responding in various ways. Due to these issues, as well as space limitations, comparisons between 2003 results and previous years are not focal in this chapter. However, it is interesting to note that while in previous years, student attitudes toward mathematics appeared more positive at Grade 4 than at Grade 8, the 2003 data do not convey this pattern. Again, this could be due to changes in response options between 2000 and 2003. Interested readers can refer to Strutchens et al. (2003) for more information about 1990–2000 race/ethnicity-related trends in NAEP data.


� See http://nces.ed.gov/programs/coe/2005/section1/table.asp?tableID=229


� Some aspects of the teacher-reported survey items suggest that caution is warranted when drawing conclusions from these data. Survey data from teachers of American Indian 4th-graders tended to “stand out” in unexpected ways. For example, these teachers reported having significantly more undergraduate and graduate education in mathematics, mathematics education, and mathematics-related subjects than did teachers of other subgroups. These findings might be due to the relatively small sample size of this group. Additionally, the certification data regarding the National Board for Professional Teaching Standards were peculiar because across both grades and all subgroups, the percentage of teachers who reported possessing this certification (3% to 15%) was markedly higher than the 1.3% of the approximately 3 million public and private school teachers who hold such certification (D. Lussier, personal communication, May 23, 2005). One explanation might be that the teachers who participated in the NAEP survey confused “National Board Certification” with the certifications granted to them by their state boards of education. 


� Teachers were asked about the following professional development formats: college courses, professional conferences, consultation with a mathematics specialists, team teaching, study groups, individual or collaborative research, formal mentoring and/or peer observation, off-site visits, teacher collaboratives or networks, workshops or training sessions, and membership on curriculum, instruction, or assessment committees.


� Another consistency across subgroups on the other end of the TV viewing spectrum was that the mean achievement of students who reported that they “never or hardly ever” watch TV was lower than that of students reporting they watch “1 hour or less”. Extreme poverty may be an underlying cause of this pattern, as students whose families cannot afford a television would be included in the “never or hardly ever” category.


� Secada raises the important point that researchers tend to “control” for SES and then seek no further explanations for SES-based differences. Additional research is needed to understand the many home- and school-related factors that underlie SES-related achievement differences.
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