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NAEP FINDINGS RELATED TO GENDER: ACHIEVEMENT, AFFECT, and LEARNING EXPERIENCES

Rebecca McGraw and Sarah Theule Lubienski

Researchers have found small but fairly consistent gender differences in performance on tasks involving computation (Frost, Hyde, & Fennema, 1994), rational numbers (Seegers & Boekaerts, 1996), measurement (Ansell & Doerr, 2000; Lubienski, McGraw, & Strutchens, 2004), and spatial visualization (Ansell & Doerr, 2000; Battista, 1990), as well as differences in the methods boys and girls employ to solve problems (Fennema, Carpenter, Jacobs, Franke, & Levi, 1998a). When gaps in performance exist, they typically, although not always, favor males except on performance on computational tasks. Analyses of interactions among gender, race/ethnicity, and socioeconomic status (SES) suggest that gaps in mathematics achievement, at least as measured by the 2000 NAEP, generally favor males and are larger for high SES white students than for low SES and black students (Lubienski et al., 2004; McGraw, Lubienski, & Strutchens, in press).

In this chapter, we report on gender-related differences in student performance on the mathematics portion of the 2003 NAEP assessment. We begin by reporting overall trends in scale scores, followed by a description of gender differences within content strands and a discussion of gender and student affect data taken from the NAEP student survey. Although we focus in this chapter on analyses of 2003 NAEP data, some discussion of previous NAEP results is included. Unless otherwise indicated, results reported for 2000 and 2003 are based on accommodations-permitted data (see chapter 1).

MAIN NAEP ACHIEVEMENT TRENDS

Our examination of scale scores by gender suggests that gaps are generally small, but persistent, across recent reporting years (see Figure10.1). Both male and female students’ overall scale scores have improved significantly since 1990, with female students at the 4th- and 8th-grade levels scoring higher in 2003 than their male counterparts did in 2000. In 2003, the average scale score of male 4th-grade students (236) was significantly higher than that of female 4th-grade students (233); however, the overall average scale score of male 8th-grade students (278) was only one point higher than that of female 8th-grade students (277). Twelfth-grade students were not assessed in 2003. In 2000, the overall average scale score of male 12th-grade students (302) was significantly higher than that of female 12th-grade students (299). It is important to note that the effect sizes for these score differences are quite small (0.1 or less), which raises questions about the meaningfulness of these differences.
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Figure 10.1. 1990–2003 NAEP scale scores by gender, Grades 4 and 8.
Although analyses of overall scale scores provide some information about differences between genders, they do not show how the gaps are distributed within male and female groups or across mathematical content areas. An analysis of gender differences in average scale scores by percentile (see Figure 10.2) revealed a consistent pattern across 4th and 8th grades. In 2003, there was no significant difference by gender for 4th-grade students scoring at the 10th percentile; however, there were significant differences favoring males at the 25th, 50th, 75th, and 90th percentiles. The gap between male and female scores tended to increase as scores increased--from one point at the 10th percentile to five points at the 90th percentile.
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Figure 10.2. 2003 NAEP scale scores by gender and percentile, Grades 4 and 8.
Similarly, at the 8th-grade level, significant differences in male and female 2003 average scale scores occurred at the 50th, 75th, and 90th percentiles but not at the 10th and 25th percentiles. The largest gap in overall scale scores favoring males occurred at the 75th percentile and the 90th percentile (four points each). This pattern in score gaps is consistent with previous NAEP findings (Lubienski et al., 2004), where similar trends were found at the 4th-, 8th-, and 12th-grade levels in 2000. For example, score differences for Grade 12 students at the 75th and 90th percentiles favored males and were five and nine points, respectively (Lubienski et al., 2004). Still, as Figure 10.1 indicates, there was much more overlap than difference in the distributions of male and female scores, with variation within the gender groups much larger than differences between them.

CONTENT STRANDS

Previous analyses of NAEP data (Ansell & Doerr, 2000) and the work of other researchers (Frost et al., 1994; Seegers & Boekaerts, 1996) suggest that differences in performance by gender are not equally distributed across mathematical content strands. In this section, we describe relationships between content foci of NAEP items and differences in performance by gender. A variety of NAEP items administered in 2003 have been released to the public, so we are able to examine this subset of items more closely and analyze patterns in correct and incorrect responses by gender. A portion of this section is devoted to discussion of several specific items for which the difference in performance by gender was pronounced.

Analyzing 2003 NAEP data by content strand, we found significant differences favoring males in four of the five content strands (number sense, properties, and operations; data analysis, statistics, and probability; algebra and functions; and measurement) at the 4th-grade level (see Table 10.1). At Grade 8, significant gaps in number and operations, data analysis, and measurement favored males. The distribution of gaps across content strands in the NAEP 2003 data is similar to that reported for the 2000 NAEP data (Lubienski et al., 2004). In both years, gaps favoring males were largest and most consistent across grade levels for the measurement strand, a significant gap in algebra at Grade 4 was not found in Grade 8 (or at Grade 12 for the 2000 data), and gaps in the number strand appeared to increase slightly with grade level. 

Table 10.1 

2003 NAEP Scale Scores by Gender and Content Strand, Grades 4 and 8
	
	Number
	Data

Analysis
	Algebra
	Geometry
	Measurement
	Overall

composite

	Grade 4

Male

Female

Gap
	234

231

3*
	238

237

1*
	242

239

3*
	234

234

0
	237

232

5*
	236

233

3*

	Grade 8

Male

Female

Gap
	279

275

4*
	281

280

1*
	280

280

0
	275

274

1
	278

273

5*
	278

277

1*


* Indicates significant difference at the 0.05 level; effect sizes of significant differences ranged from 0.02 to 0.2 with a median of 0.1.

Analyses of percentiles in conjunction with content strands revealed that gaps favoring males were most pronounced at the upper end of the percentile range for the measurement and number strands. At 4th grade in the number strand, the gap in scores was five points at the 75th and 90th percentiles; in the measurement strand, the gap was seven points at the 75th and 90th percentiles. At 8th grade in the number strand, the gap in scores was five points at the 75th percentile and six points at the 90th percentile; in the measurement strand, the gap was six points for both percentiles. In contrast, at the lower end of the percentile range (i.e., the 10th percentile), 4th-grade girls outperformed boys by one and two points for the data analysis and geometry strands, respectively. In 8th grade, at the 10th percentile level, girls outperformed boys by one point in the number strand and by three points in the geometry, data analysis, and algebra strands. It is important to note that researchers have found that male students tend to exhibit a wider range in performance than female students (Friedman, 1995). Our analysis of gender differences in NAEP content strands and by percentiles supports this finding. Males’ average scores were lower than females at the 10th percentile and higher than females at the 90th percentile.

Table 10.2 shows item-level NAEP performance data organized by content strand. Because of the large number of students assessed in 2003, even a one percentage point difference in the number of correct responses by gender was statistically significant in that year (see chapter 1). Therefore, we include in Table 10.2 items for which the gender difference was at least five percentage points. A difference of five points or more was always significant in 2000; in only a few instances was a difference of less than five points significant in that year.

Table 10.2 

Distribution of Items by Content Strand and Gender Difference in Performance, Grades 4 and 8, 2000 and 2003

	Content strand and total no. of items (2000, 2003)
	No. of items for which gender difference in % correct was at least five points (2003)
	No. of items for which difference favored males
	No. of items for which difference favored females

	
	2000
	2003
	
	2000
	2003
	2000
	2003

	Number sense, properties, and operations

   Grade 4 (58, 76)

   Grade 8 (43, 52)
	17

11
	17

16
	
	15

9
	15

12
	2

2
	2

4

	Measurement

   Grade 4 (27, 32)

   Grade 8 (24, 30)
	14

7
	12

4
	
	14

7
	12

4
	0

0
	0

0

	Geometry and spatial sense

   Grade 4 (25, 29)

   Grade 8 (32, 38)
	2

6
	3

5
	
	1

4
	2

3
	1

2
	1

2

	Data analysis, statistics, and probability

   Grade 4 (14, 19)

   Grade 8 (24, 30)
	2

6
	2

3
	
	2

6
	1

3
	0

0
	1

0

	Algebra and functions

   Grade 4 (21, 26)

   Grade 8 (39, 49)
	7

10
	5

4
	
	7

9
	5

3
	0

1
	0

1


According to the 2003 data, there were 39 items with a substantial (i.e., five or more points) gender difference in performance at Grade 4 (21% of all items administered) and 32 items at Grade 8 (16% of all items administered). The vast majority of these items, 35 at Grade 4 and 25 at Grade 8, favored males. In 2003, the strands with the highest percentages of items with at least a five point gender difference were Grade 4 measurement (12 of 32 items) and Grade 4 and 8 number (17 of 76 items and 16 of 52 items). Gender differences for these measurement and number items generally favored males, and these were also strands in which males significantly outperformed females (Table 10.1). Five of 26 Grade 4 algebra items and 4 of 30 Grade 8 measurement items had at least a five point gender difference; all of these differences favored males. Comparing the number of items favoring males and the number of items favoring females for each grade and content strand, we can see that, in almost every case, males outperformed females more often than females outperformed males.  The exception was Grade 4 geometry and spatial sense in 2000 and Grade 4 data analysis, statistics, and probability in 2003, for which the numbers were equal.

Comparing the 2003 and 2000 data in Table 10.2, we find that in both years in Grade 4, the preponderance of items with differences in student performance by gender were located in the number and measurement strands. An analysis of the 27 measurement and 58 number items administered in both years at Grade 4 revealed that males outperformed females by at least five percentage points in both years on 8 of the measurement items and 10 of the number items. In Grade 8, there were marked decreases from 2000 to 2003 in the numbers of items with gender differences favoring males in the measurement, data, and algebra strands. In the number strand, the number of items exhibiting a difference in performance by gender increased from 11 (26% of items administered) in 2000 to 16 (32% of items administered) in 2003.

Due to persistent gender gaps in the measurement and number strands, we now turn to a discussion of gender-related patterns in students’ responses to items from these strands. Because clear gender patterns were less apparent in the geometry, data, and algebra strands, we comment on these areas more briefly in one section. Three criteria were used to select specific items for inclusion in each section. First, the items were among those released to the public, which was a relatively small subset of all items administered. Second, the items exhibited gender-related differences in student performance. Third, our examination of patterns in students’ incorrect responses revealed differences in performance by gender.

Measurement

As discussed previously, the measurement strand average scale score was five points higher for males at both the 4th- and 8th-grade levels in 2003. In addition, all items for which there was at least a five percentage point gender difference in correct responses favored males. Our analysis of individual measurement items suggests that differences in performance favored males and tended to occur on items that required reading instruments (e.g., thermometers, speedometers, and rulers) and/or utilizing indirect calculation methods. Examples include measuring temperature and change in temperature on a thermometer, measuring the length of an item placed in the middle of a ruler, and measuring the length of an event given beginning and ending times. Gender differences favoring males were also found for items that asked students to choose the best or most reasonable unit of measure.

The measurement item with the largest gender gap was given only at Grade 4 and involved reading change in temperature on a thermometer (Figure 10.3), and 56% of males and 44% of females answered this problem correctly. The 12-point difference in performance by gender was closely related to the greater likelihood of female students to choose the incorrect answer of “6.” Students likely derived this answer from counting one rather than two for each tick mark.
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	The Celsius temperature rose from 4 degrees above zero to the temperature shown on the thermometer above. How many degrees did the temperature rise?

A) 6

B) 7

C) 12

D) 20

	Figure 10.3. Grade 4 item requiring students to measure change in temperature (2003-4M7 #13).




An item given at both Grade 4 and Grade 8 for which the gender gap was relatively large at both grades (six and eight points, respectively) required students to correctly read a ruler (Figure 10.4). Overall, students of both genders were more likely to answer this question correctly at Grade 8 than Grade 4; however, the distributions of incorrect responses varied across grade levels. At Grade 4, male students were more likely than female students to answer incorrectly with 3.5 inches, a response consistent with counting the numbered lines instead of spaces on the ruler. Female students were more likely to answer incorrectly in some other way (e.g., 10.5 inches or 8 inches). At Grade 8, male and female students were equally likely to answer 3.5 inches while female students were more likely than males to give a different incorrect answer.
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	What is the length of the toothpick in the figure above?



	Figure 10.4. NAEP measurement item requiring students to read an interval of length (2003-4M6 #18, 2003-8M6 #18).




We found a substantial decrease from Grade 4 to Grade 8 in the proportion of measurement items for which males outperformed females in both 2000 and 2003. However, in Grade 8 the items with large gender differences tended to test the same content as those for which the gaps were largest at Grade 4. Again, these items involved measuring intervals of time, reading measurements from scales (e.g., rulers), identifying appropriate units of measure for a given situation, and approximating lengths using familiar but nonstandard units. Ansell and Doerr (2000) reported gender differences on similar types of measurement items in their analysis of the 1996 NAEP assessment. Drawing on the work of Leder (1992), Ansell and Doerr hypothesized--and we would agree--that differences in boys’ and girls’ leisure activities could contribute to these gaps in measurement proficiency.

Number Sense, Properties, and Operations

In 2003, the number strand average scale scores were three and four percentage points higher for males in Grades 4 and 8, respectively. Most of the items for which there were gender differences in performance favored males (15 of 17 items at Grade 4 and 12 of 16 items at Grade 8). These items favoring males tended to involve fractions, rational numbers, and some computational tasks; items favoring females included computational tasks and items that required students to analyze and create rules for number or letter patterns. Specific examples of items for which males responded correctly more often than females included finding and using ratios (Grades 4 and 8), showing the location of a fraction on a number line (Grade 4 and 8), and problems involving percentages and percentage change (Grade 8). Items for which females outperformed males were mainly multistep addition and subtraction problems (Grade 4 and 8).

An item administered at both Grade 4 and 8 for which males responded correctly more often than females focused on finding the distance between two points on a number line (Figure 10.5). In 2003, only 27% of boys and 20% of girls answered this item correctly at Grade 4; these percentages were 44% of 8th-grade boys and 33% for 8th-grade girls. At Grade 4, both boys and girls were most likely to choose incorrect answer “C” and least likely to choose “B.” At Grade 8, girls who responded incorrectly were equally likely to choose A or C and unlikely to choose B. Boys who responded incorrectly exhibited a similar pattern. It is interesting to note that while, at Grade 4, girls chose B at a higher rate than boys (22% and 17%, respectively), at Grade 8 very few students of either gender chose B (8% each), yet the gender gap on this item increased from Grade 4 to Grade 8 (from 7% to 10%).
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	On the road shown above, the distance from Bay City to Exton is 60 miles. What is the distance from Bay City to Yardville?  

	   A) 45 miles

	   B) 75 miles

	   C) 90 miles

	   D) 105 miles

	Figure 10.5. Number strand item involving finding distance on a number line (2003-4M6 #19, 2003-8M6 #19).
 


A second 2003 NAEP number strand item with a gender gap favoring males involved translating from a pictorial to a numerical representation of number (Figure 10.6). This item was administered only at Grade 4 with 85% of boys and 80% of girls correctly choosing “C.” Girls who responded incorrectly were most likely to choose “D.” An answer of “D” can be obtained in at least two ways--by reading the picture left to right and counting “2,” “4,” and “9” objects, or by counting the number of whole small squares that are visible, which is 237, and adding fractional parts to account for the partial squares. Thought of in the latter way, 249 is a more reasonable estimate of the number “shown” than 429.
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	Each small square ([image: image7.jpg]


) above is equal to 1. There are 10 small squares in each strip. 

There are 100 small squares in each large square. What number is shown?

	   A) 4,029

	   B) 492

	   C) 429

	   D) 249

	Figure 10.6. NAEP Grade 4 item requiring translation from picture to number (2003-4M10 #6).



Examples of two items for which girls outperformed boys are shown in Figure 10.7. For the notebook purchasing problem, the 2003 gender gaps at Grades 4 and 8 were four points and seven points, respectively. Boys who responded incorrectly were most likely to choose “B” (thinking the change from $5.00 for a $3.60 purchase is $2.40, a common change-making error); girls were most likely to choose “C” (the correct change if only one notebook was purchased). At Grade 8, boys who responded incorrectly were again most likely to choose “B,” but boys and girls were nearly equally likely to choose “C.” The selling candy problem was administered at Grade 4 only; the gender gap for this item in 2003 was between four and five points.

	1. How much change will John get back from $5.00 if he buys 2 notebooks that cost $1.80 each?

   A) $1.40 

   B) $2.40 

   C) $3.20 

   D) $3.60



	2. The band members have a goal to sell 625 candy bars. If they have sold 264 so far, how many more candy bars do they have to sell to reach their goal?



	Figure 10.7. Examples of number strand items for which the gender gap favored females (2003-4M6 #15; 2003-8M6 #7; 2003-4M10 #9).



Because only a subset of 2003 NAEP items were released to the public, we cannot generalize from the relatively small number of items available to us for detailed analysis. The problems in Figure 10.7 seem typical of the overall pattern found in the number strand--items for which female students outperformed males tended to be computational and involved addition and subtraction. Many of the number strand items for which males performed better than females involved percentages (at Grade 8) and fractions (at Grades 4 and 8); however, we do not find many examples of these in the released item set. In addition, it is important to note that male and female students performed similarly on the majority of number strand items (78% of Grade 4 items and 69% of Grade 8 items in 2003), so the differences reported here were the exception rather than the rule.

Other Findings Related to Content Strands and Performance by Gender

We found no meaningful difference in performance by gender on 90% of the geometry and spatial sense items at Grade 4 and 87% of the items at Grade 8 in 2003 (these percentages were 92% at Grade 4 and 81% at Grade 8 in 2000). Analyses of those items for which there was a gender difference did not reveal consistent gender-related patterns. 

Past research has indicated that spatial visualization may be a factor in gender-related differences in mathematics (Battista, 1990; Tartre, 1990), and previous analysis of NAEP data revealed that males outperformed females on more difficult problems involving spatial visualization at Grade 4 (Ansell & Doerr, 2000). Due to this prior work, we examined the 2003 released items pertaining to spatial visualization and found mixed evidence on the relationship between spatial visualization and performance by gender. For example, more 4th-grade girls (74%) than boys (70%) correctly answered a multiple-choice item about visualizing a flipped figure (see Figure 10.8). At Grade 8, gender differences in correct responses to the same item were again relatively small and favored females (84% to 81%). However, on an item asking students to visualize the result of folding a rectangle, more 8th-grade boys (49%) than girls (42%) responded correctly that point P would touch point D (see Figure 10.9). Girls (24%) were more likely than boys (18%) to choose the opposite corner of the rectangle, point B. (This item was not administered at Grade 4.) Finally, gender differences were small on a third item asking students to determine which of four given patterns could not be folded to form a cube (question 2003-8M6 #14). At Grade 4, 39% of boys and 36% of girls answered this item correctly, and at Grade 8, 71% of boys and 70% of girls answered correctly.
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Figure 10.8. Grade 4 and 8 geometry item involving visualizing a flip of a figure (2003-4M6 #5, 2003-8M6 #5).
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When the rectangle above is folded along the dotted line, point P will touch which of the lettered
points?

A) A
B) B
c) c
D) D
E) E




Figure 10.9. Grade 8 geometry item involving visualization of a folded rectangle (2003-8M7 #7).
In the data analysis, statistics, and probability strand, male and female students performed similarly on 89% of items at Grade 4 and 90% of items at Grade 8 in 2003 (percentages were 86% and 75% in 2000). Of the nine items for which we found at least a five percentage point difference in performance by gender at Grade 4 or Grade 8 in either 2000 or 2003, six involved creating and/or interpreting information represented in a graph or picture (e.g., pie chart). Boys performed better than girls on all six of these items. The item for which there was the largest and most consistent gender gap (12 percentage points in 2000 and 10 points in 2003) favored males and was given only at Grade 8 (Figure 10.10). Girls were more likely than boys to choose answer A (25% to 18%) and also more likely to choose answer C (16% to 13%). Answer A may be reasonably obtained by incorrectly reading the interval size on the y-axis. 
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	According to the graph above, how many times did the yearly increase of the price of a hamburger exceed 10 cents?



	A) None

B) One

C) Two

D) Three

E) Four

	Figure 10.10. NAEP Grade 8 item requiring analysis of a line graph (2003-8M7 #8).



Differences in male and female students’ performance were less than five percentage points on 67% (Grade 4) and 74% (Grade 8) of algebra and function items in 2000, and differences in male and female performance were less than five points on 81% (Grade 4) and 90% (Grade 8) of items in this strand in 2003. Analysis of items for which there was a gender difference of five or more points did not reveal consistent gender-related patterns. Looking across content strands, we notice one interesting pattern. Several of the items in multiple content strands for which we found large differences in performance by gender favoring males involved analysis of information presented on intervals (see Figures 10.3, 10.4, 10.5, and 10.10). On these items, female students appear to be more likely than male students to misinterpret the meaning of the intervals. That a relationship might exist between gender and this aspect of mathematics content is conjecture on our part, based on a small number of items, and further research would be needed to explore this phenomenon.
ITEM TYPE AND ITEM DIFFICULTY

In 2003, a total of 39 Grade 4 items had at least a five percentage point gender difference, with only 4 of these 39 favoring females. At Grade 8, slightly fewer items (32) had five point gender differences, and more items (7) favored females at Grade 8 than at Grade 4. This decrease from Grade 4 to 8 is consistent with the fact that the scale score gender gap was smaller at Grade 8 than in Grade 4. These items for which there were at least five point differences were examined by item type and item difficulty.

Data regarding NAEP item type in conjunction with gender are shown in Table 10.3. Constructed-response items are those for which students must write down an answer of their own creation (a number, a drawing, or a brief statement), and some of these items (called extended constructed-response as opposed to short constructed-response items) require that students show detailed work or write extended explanations (see chapter 1). A majority of the items administered as part of the NAEP mathematics assessment are of the multiple-choice type, so it is not surprising that the majority of items exhibiting differences in performance by gender are multiple-choice items. We should also note that for most items no gender differences were found. However, analysis of the distribution of items for which males outperform females, and vice versa, does provide some evidence of a relationship between item type and performance by gender.

Table 10.3 

Distribution of 2003 NAEP Items by Item Type and Gender Difference in Performance

	
	Grade 4
	Grade 8

	
	Multiple choice
	Constructed response
	Multiple choice
	Constructed response

	
	
	Short
	Extended
	
	Short
	Extended

	Total no. of items
	114
	60
	8
	129
	61
	9

	Items with ≥5 point gender difference in % correct
	23
	15
	1
	19
	13
	0

	No. favoring males
	23
	12
	0
	17
	8
	0

	No. favoring females
	0
	3
	1
	2
	5
	0


In Grades 4 and 8, the items favoring males were disproportionately of the multiple-choice and short (i.e., little if any work or explanation required) constructed-response types. For example, in Grade 4, boys outperformed girls by five percentage points or more on approximately 20% of all multiple-choice items (23 of 114) and 20% (12 of 60) of all short constructed-response items. This percentage drops to zero for extended constructed-response items. The four 4th-grade items favoring girls were all constructed-response items, and one of these four was an extended constructed-response item. Patterns in the items favoring boys were similar at Grade 8; equal proportions of items favoring boys were of the multiple-choice and short constructed-response types. Most of the female-favored items (5 of 7) were short constructed responses. None of the extended constructed-response items favored females or males at Grade 8.

Overall, the total number of items for which girls outperformed boys is quite small compared with the number of items for which boys outperformed girls. Still, a consistent pattern in gender disparities emerged at both 4th and 8th grades. Despite the fact that the majority of the items administered were multiple choice (63% in Grade 4 and 65% in Grade 8), when girls outperformed boys, they were more likely to do so on constructed response than multiple choice. These findings are consistent with the analysis of 1996 NAEP data conducted by Ansell and Doerr (2000). These researchers found that 4th- and 8th-grade boys were more likely to outperform girls on items that did not require an explanation, while girls were equally likely to outperform boys on items that required an explanation.

In order to analyze possible relationships between item difficulty and performance by gender, we followed a convention used by Ansell and Doerr (2000) and Lubienski et al. (2004) and divided the 2003 NAEP items into categories by item difficulty. The three categories utilized were labeled “least difficult,” “moderately difficult,” and “most difficult” (Table 10.4) and defined as items for which the percentages of students responding correctly were between 0 and 33, 34 and 67, and 68 and 100, respectively.

Table 10.4

Distribution of 2003 NAEP Items According to the Percentage of Students Responding Correctly and Gender Difference in Performance

	
	Grade 4
	Grade 8

	
	Least difficult
	Moderately difficult
	Most difficult
	Least difficult
	Moderately difficult
	Most difficult

	Total no. of items
	49
	91
	42
	59
	93
	47

	Items with ≥5 point gender difference in % correct
	4
	23
	10
	4
	23
	4

	No. favoring males
	4
	19
	10
	2
	19
	3

	No. favoring females
	0
	4
	0
	2
	4
	1


Examining the distribution of the items with gender gaps, we see that a higher proportion of the items were in the “moderately difficult” and “most difficult” categories. Relatively few items for which males outperformed females were found in the “least difficult” category. Particularly striking was the fact that males outperformed females on approximately one-fourth of the most difficult items administered at Grade 4, but this pattern appeared considerably weaker at Grade 8. Items for which females outperformed males fell mainly in the “moderately difficult” category at both grades. Overall, the patterns identified in the 2003 data related to item difficulty and performance by gender were consistent with previous NAEP analyses (Ansell & Doerr, 2000; Lubienski et al., 2004); specifically, the distribution of items favoring males tended to be skewed toward the most difficult category, and the distribution of items favoring females tended to be skewed toward the moderately difficult level.

GENDER GAPS IN ACHIEVEMENT BY RACE/ETHNICITY AND SES

Scholars have encouraged examinations of race/ethnicity and socioeconomic status (SES) in conjunction with gender (Campbell, 1991; Leder, 1992). For example, Campbell (1991) argued that studying gender, race/ethnicity, and SES separately “causes research to be incomplete at best, and at worst, to be just plain wrong” (p. 96). Table 10.5 compares the gender gap in scale scores across racial/ethnic groups for 4th- and 8th-grade students from the 2003 NAEP assessment. The table clearly shows that the differences in scale scores were much greater between racial/ethnic groups than between males and females within the same racial/ethnic group. Still, gender gaps were larger and more consistent for some racial/ethnic groups than others. The only statistically significant gender differences involved white and Hispanic students,
 with males outscoring females by three points at Grade 4 and by two points at Grade 8. Gender gaps were not found for black students, a finding consistent with our previous 2000 NAEP data analysis (Lubienski et al., 2004). Because of the relatively small samples of American Indian and Asian/Pacific Islander students, it is difficult to draw conclusions regarding the gender gaps within these two groups.

Table 10.5 

Gender Disparities in Scale Scores by Race/Ethnicity for Grades 4 and 8
	
	White
	Hispanic
	Black
	American Indian


	Asian/ Pacific Islander

	4th grade
	N=117210
	N=24720
	N=34683
	N=3873
	N=8055

	Males
	245
	223
	216
	224
	248

	Females
	242
	220
	216
	222
	245

	Gap (males/females)
	3*
	3*
	0
	2
	3

	8th grade
	N=100315
	N=16799
	N=25516
	N=3050
	N=6501

	Males
	289
	260
	252
	264
	291

	Females
	287
	258
	253
	262
	291

	Gap (males/females)
	2*
	2*
	-1
	2
	1


* Indicates significant difference at the .05 level; effect sizes of significant differences ranged from 0.06 to 0.1 with a median of 0.09.

An analysis of gender gaps in conjunction with both race/ethnicity and SES can reveal the extent to which race/ethnicity–related gender differences in performance persist across SES groups. Our previous analysis of the 2000 NAEP data revealed that gender gaps favoring males tended to be more prevalent among higher SES students than others, with the most consistent gaps occurring for high SES white students (Lubienski et al., 2004). This finding was consistent with the fact that gender gaps tend to be larger for high-achieving students, who tend to be disproportionately white and of high SES. 

However, our 2003 analysis of gender gaps by race and SES (utilizing school lunch eligibility as SES proxy) did not reveal similar patterns. In fact, there appeared to be no consistent relationship between SES and the size of the gender gap, either overall or within particular ethnic groups. It is possible that the use of a more sensitive, multifaceted SES variable, as was used in 2000, would reveal more consistent patterns. 

Overall, our analyses indicate that gender gaps favoring males are significant for white and Hispanic students but not for black students. However, the fact that no gender disparities were found among black students should not be taken to mean that black females are being educated equitably. On the contrary, the data indicate that race/ethnicity–related disparities (as well as SES-related disparities) are much larger and more consistent than gender-related gaps (Lubienski et al., 2004).

PATTERNS IN STUDENT AFFECT

Researchers who examine the relationships among affective factors, mathematics achievement, and gender (Ai, 2002; Elliott, 1990; Hacket & Betz, 1989; Hembree, 1990; Ma, 1999; Ma & Kishor, 1997) have found that affective factors, such as attitude, self-concept, and self-confidence, are positively correlated with achievement for both boys and girls. Research on student affect and gender also suggests that boys have a more positive self-concept with respect to mathematics than girls (Ansell & Doerr, 2000; Lubienski et al., 2004; Meyer & Koehler, 1990; Seegers & Boekaerts, 1996). In addition, examinations of course-taking patterns reveal that girls do not persist in the study of mathematics to the same extent as boys (Ansell & Doerr, 2000; Gaffney & Gill, 1996; Lubienski et al., 2004; National Science Foundation, 2000; Smart, 1996). Reform efforts in mathematics education (NCTM, 2000) emphasize the need for students to develop self-confidence in mathematics and an appreciation of the usefulness of mathematics in careers and everyday life. As part of NAEP, surveys are administered that ask students the extent to which they agree with statements such as “I like mathematics,” “I am good at mathematics,” and “Mathematics is useful for solving everyday problems.” In this section we report findings from analyses of NAEP survey items that relate to students’ self-image in mathematics and beliefs about the nature of mathematics.

Table 10.6 shows the extent to which male and female students agree with statements related to students’ self-concept in mathematics. Fourth-grade girls were less likely than boys to report that the statements “I like mathematics” and “I am good at mathematics” were “a lot like me” (gaps were 7 and 13 percentage points, respectively). Correspondingly, 4th-grade girls were more likely than boys to report that these statements were “a little like me.” With respect to the statement “I am good at mathematics,” 4th-grade girls were slightly (but significantly) more likely than boys to report that the statement was “not like me.” Fourth-grade girls were less likely than boys to indicate that the statement “I understand most of what goes on in mathematics class” was “a lot like” them, but they were more likely to indicate that the statement was “a little like” them.

Table 10.6 

Student Responses Regarding Self-Concept in Mathematics for Grades 4 and 8

	
	Grade 4
	Response categories and % responding

	
	
	Not like me
	A little like me
	A lot like me

	I like mathematics.
	Male

Female
	16

16
	 33*

41
	 50*

43

	I am good at mathematics.
	Male

Female
	 9*

11
	 35*

45
	 56*

43

	I understand most of what goes on in mathematics class.
	Male

Female
	 8*

7
	 34*

37
	 58*

55

	
	Grade 8
	Response categories and % respondinga

	
	
	Disagree
	Undecided
	Agree

	I like mathematics.
	Male

Female
	 29*

31
	 20*

22
	51

47 

	I am good at mathematics.
	Male

Female
	 16*

21
	 20*

24
	 65*

55 

	I understand most of what goes on in mathematics class.
	Male

Female
	11

12
	 14*

15
	75

73


* Indicates significant difference between female and male percentages.
a “Agree” represents the sum of the percentage of students who selected “Agree” and the percentage who selected “Strongly Agree.” “Disagree” represents the sum of the percentage of students who selected “Disagree” and the percentage of students who selected “Strongly Disagree.” In some instances, this collapsing of response categories affected the authors’ ability to determine whether a significant difference existed. In these cases, no significant difference was reported.

If we total the “a lot like me” and “a little like me” percentages for each of the three statements at the 4th-grade level, overall percentages for male and female students become very similar. This leads us to conjecture that female students may be more likely than males to choose the less affirmative statement. In previous years, when 4th-grade students’ choices were “agree,” “undecided,” and “disagree,” the percentages of female students responding positively to these statements (i.e., the percentage choosing “agree”) were much higher than the percentages choosing “a lot like me” in 2003, although not as high as the percentages that would be created by combining the “a lot like me” and “a little like me” responses for 2003.

At the 8th-grade level, male and female students’ tendency to agree with the statement “I like mathematics” appeared more similar to each other (a four percentage point gap) than at the 4th-grade level; slightly more girls than boys disagreed with or were not sure about the statement. Gender gaps in 8th-grade students’ responses to the statement “I am good at mathematics” were in the same direction as those found at the 4th-grade level. Eighth-grade girls were less likely than boys to agree with the statement and more likely to disagree or indicate uncertainty. Male and female 8th-grade students were similar in their responses to the statement “I understand most of what goes on in mathematics class.” Girls were slightly more likely than boys to respond that they were “not sure” whether they agreed or disagreed with the statement. In general, female and male students’ responses to this statement were more similar to each other than to the other two statements, at both the 4th- and 8th-grade levels. Overall, students’ responses to these three questions suggest that girls are less likely than boys to like or believe they are good at mathematics; however, they are similar in their beliefs about their level of understanding of what goes on in mathematics class.

Students’ levels of agreement with statements related to the nature of mathematics are shown in Table 10.7. Fourth-grade boys were slightly more likely than girls (46 and 44 percent) to agree with the statement “Learning mathematics is mostly memorizing facts,” and yet they were also slightly more likely to disagree. For both genders, agreement with the statement had decreased by Grade 8 (to 36% and 33% for boys and girls, respectively). This statement was first included in the student survey in 1992 when the percentages of boys and girls agreeing were 57% and 56% for Grade 4 and 46% and 42% for Grade 8. Agreement with the statement has decreased steadily across reporting years for both genders. Although these data suggest that many students do believe that learning mathematics is mostly memorizing facts, both male and female students were unlikely to agree that “There is only one way to solve a mathematics problem,” and the percentage of students agreeing decreased from Grade 4 to Grade 8. This statement was included on NAEP student surveys in 1996 and 2000, and percentages of students agreeing have remained consistent, as has the small gender difference of two to three points in responses.

Table 10.7
Student Responses Regarding the Nature of Mathematics for Grades 4 and 8

	
	Grade 4
	Response categories and % responding

	
	
	Disagree
	Not sure
	Agree

	Learning mathematics is mostly memorizing facts.
	Male

Female
	26*

24
	28*

33
	46*

44

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

Female
	58*

56
	26*

30
	17*

14

	Mathematics is useful for solving everyday problems.
	Male

Female
	13*

12
	21*

23
	66*

65

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

Female
	6*

4
	12*

11
	82*

85

	
	Grade 8
	Response categories and % respondinga

	
	
	Disagree
	Undecided
	Agree

	Learning mathematics is mostly memorizing facts.
	Male

Female
	38

38
	26*

29
	36

33

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

Female
	76

80
	14

14
	10*

7

	Mathematics is useful for solving everyday problems.
	Male

Female
	13

11
	15*

17
	73

73

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

Female
	14

12
	15*

17
	70

71


* Indicates significant difference between female and male percentages.
a “Agree” represents the sum of the percentage of students who selected “Agree” and the percentage who selected “Strongly Agree.” “Disagree” represents the sum of the percentage of students who selected “Disagree” and the percentage of students who selected “Strongly Disagree.” In some instances, this collapsing of response categories affected the authors’ ability to determine whether a significant difference existed. In these cases, no significant difference was reported.

In 2003 and in previous reporting years, male and female students were very similar in their responses to the statement “Mathematics is useful for solving everyday problems.” Although the percentages of 4th-grade students who agree with this statement had increased steadily from 1990 (63% overall) to 2000 (70%), the 2003 percentages of students agreeing dropped back to 1992 levels (66% overall).
 At 8th grade, the levels of agreement for both male and female students increased slightly from 1990 (76% overall) to 1992 (80%), remained essentially stable from 1992 to 1996, and then showed decreases in both 2000 (76%) and 2003 (72%). Hence smaller percentages of male and female students agreed that “mathematics is useful for solving everyday problems” in 2003 than in 1990 (the previous low point for percentage of students agreeing). Male and female students were also similar in the extent to which they agreed that “All students can do well in mathematics if they try,” with slightly higher percentages of females than males agreeing with the statement in both 4th and 8th grades.

In summary, males and females generally held similar beliefs about the nature of mathematics as measured by NAEP student survey items. They tended not to believe that there is only one correct way to solve a mathematics problem, and they tended to believe that all students can do well in mathematics if they try, although this belief seemed to diminish somewhat as students got older. Both were divided as to whether mathematics is mostly memorizing facts, but the majority believed that mathematics is useful for solving everyday problems, a belief that increased from Grade 4 to 8. With respect to students’ self-concept related to mathematics, they were similar in their levels of agreement with the statement “I understand most of what goes on in mathematics class.” However, males were more likely than females to indicate that they liked mathematics and felt that they were good at mathematics. Looking at students’ responses across reporting years (1990, 1992, 1996, 2000, and 2003), we note that there continues to be a downward trend in the percentages of students indicating that they like mathematics. In their analysis of gender differences in NAEP 1990–2000 data, Lubienski et al. (2004) found an upward trend in the percentages of male and female students agreeing with the statement “I am good at mathematics.” Comparing 2000 and 2003 data related to this statement, we find that levels of agreement have dropped to pre-1996 levels for both male and female students--from 71% to 65% and from 60% to 55%, respectively. Analyzing NAEP data is not particularly helpful in terms of determining the reason for such a drop, but should this trend continue, it would certainly warrant further investigation.

Previous NAEP monographs have reported on a variety of areas in which gender differences may occur--for example, amount of time spent on homework or calculator/computer use. Our analysis of 2003 NAEP data did not uncover major shifts in trends reported elsewhere. Therefore, we refer readers to other NAEP publications for information on gender differences in these areas (Lubienski et al., 2004; Ansell & Doerr, 2000).

CONCLUSION

Our analysis of NAEP mathematics assessment data by gender reveals relatively small but consistent gaps favoring males in 2003. Although both male and female students’ average scale scores continue to rise, gender gaps have not diminished. In 2003, males scored significantly higher on average than females at both the 4th- and 8th-grade levels. It is important to note that effect sizes for these differences were generally very small, so it is reasonable to question the meaningfulness of these significant differences. Further analysis of gender gaps in NAEP average scale scores suggests that they are not evenly distributed across percentiles. At each grade level assessed, gaps favoring males were largest at the upper end of the percentile range. As grade level increased (from Grade 4 to Grade 8), gaps became even larger and more concentrated at the upper end of the percentile range. These findings are consistent with our analysis of 2000 NAEP data (Lubienski et al., 2004). 

To go beyond simply reporting the size of gender disparities in general mathematics achievement, we analyzed whether gender gaps varied by mathematical content strand, item type and difficulty, race/ethnicity, and SES. We also analyzed students’ responses to released items, as well as responses to NAEP questionnaire items related to self-image and beliefs about mathematics. Our analysis suggests that the gender gap is not distributed evenly across mathematical content strands. At each grade level, gaps were largest for NAEP measurement items with girls’ average scale scores trailing boys’ scores by a significant five to seven points. We also found a consistent gap of three to four points in scores favoring boys across grade levels in number and operations and a significant difference favoring boys in algebra and functions at Grade 4. Our item analyses revealed that girls tended not to perform as well as boys on measurement items that required reading instruments and/or utilizing indirect calculation methods and on items that asked students to choose the best or most reasonable unit of measure. Items in the number sense, properties, and operations strand that favored boys tended to involve fractions, rational numbers, and some computational tasks; items favoring girls included computational tasks and items that required students to analyze and create rules for number or letter patterns. Analysis of the released items in the geometry and spatial sense strand provides mixed evidence with respect to the relationship between spatial visualization and performance by gender found in previous research (Battista, 1990; Tartre, 1990). With respect to data analysis, statistics, and probability, gender differences were found mainly in items that involved creating and/or interpreting information represented in a graph or picture (e.g., pie chart). Boys performed better than girls on seven of the eight such items. Item-level analysis across content strands revealed several instances in which differences in performance by gender favored boys and involved analysis of information presented on intervals; however, because of the small set of NAEP items available for analysis, further research is needed to draw conclusions about possible relationships between gender and this aspect of mathematical content.

Our examination of NAEP item type and difficulty suggests that items in which gender differences in performance favor males tend to be multiple choice, while items favoring females are more likely to require constructed responses. This finding is consistent with Ansell and Doerr’s (2000) analysis of 1996 NAEP data; these researchers found that boys were more likely to outperform girls on items that did not require an explanation, while girls were equally likely to outperform boys on items that required an explanation. With respect to item difficulty, the distribution of items favoring boys tended to be skewed toward the most difficult category, and the distribution of items favoring girls tended to be skewed toward the moderately difficult level. In other words, proportionally more of the items accounting for the overall gender difference favoring boys were in the most difficult item category. This finding is also consistent with that of previous NAEP analyses (Ansell & Doerr, 2000; Lubienski et al., 2004).

Analysis of interactions among gender, race/ethnicity, and socioeconomic status suggests that differences in performance by gender are small compared with differences across racial/ethnic categories. Gender gaps were found for white and Hispanic students, but not for black students, and favored boys. With respect to SES, patterns found in previous NAEP analyses (Lubienski et al., 2004) that indicate that gender gaps are largest for upper SES white students were not found in our analysis of 2003 data.

With respect to student affect, analysis of 2003 NAEP data suggests that female students are less likely than their male counterparts to like or believe they are good at mathematics; however, they are similar in their beliefs about their level of understanding of what goes on in mathematics class. They seem to hold similar views, however, about the nature of mathematics as measured by NAEP student survey items. They tend not to believe that there is only one correct way to solve a mathematics problem, and they tend to believe that all students can do well in mathematics if they try, although this belief seemed to diminish somewhat as students got older. These findings are consistent with previous NAEP analyses (Ansell & Doerr, 2000; Lubienski et al., 2004). 

Gender gaps in NAEP scores and student affect described in this chapter are generally relatively small, particularly when compared with gaps related to race/ethnicity and SES. However, the persistence of these gaps since 1990 indicates that work done over the last decade and a half to promote both gender equity and NCTM Standards-based instruction cannot be said to have diminished U.S. gender gaps in mathematics achievement, at least not as measured by the NAEP assessment. Scholars have raised the question of whether calling attention to these small gender gaps in mathematics performance does more harm than good by confirming and perpetuating stereotypes (Fennema, Carpenter, Jacobs, Franke, & Levi, 1998b). Others have asked why scholars show more concern about girls’ performance in mathematics than about boys’ lack of interest in vocations that involve caring for others (Noddings, 1998). Despite our focus on gender gaps in the NAEP mathematics data in this chapter, we believe that these critical questions are important to be mindful of as a mathematics education community. As we wrote this chapter, these questions prompted us to examine and emphasize ways in which the data showed more similarities than differences between boys and girls, such as the immense overlap in their score distributions. 

 We offer these descriptive data on gender differences in student affect and achievement so that disparities in educational opportunities and outcomes can continue to be monitored. However, we are fully aware that if we are to understand relationships between student affect and performance on NAEP, including interactions among gender, race/ethnicity, and SES, then further studies within schools and classrooms are necessary.
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Highlights

· Mean mathematics scale scores for both females and males increased significantly between 2000 and 2003. In 4th and 8th grades, males scored significantly higher than females in 2003; however, effect sizes for these differences were quite small (0.1 or less).

· Gaps in performance by gender in 2003 tended to favor males and were most pronounced at the upper end of the percentile range and for the measurement and number content strands.

· Measurement items for which there were large gender gaps (i.e., at least five percentage point difference in number of students responding correctly) favored males and required reading instruments, utilizing indirect calculation methods, and choosing the best or most reasonable unit of measure.

· Number content strand items for which there were gender gaps tended to involve fractions, rational numbers, percents, and some computational tasks (favoring males) or computational and pattern analyzing tasks (favoring females).

· Male and female students performed similarly on most of the items administered in 2003 and overall gaps in performance by gender were minor when compared with differences related to race/ethnicity and SES.

· The number of items for which females outperformed males in 2003 was small compared to the number of items for which males outperformed females. When females outperformed males, they were more likely to do so on constructed-response items than on multiple-choice items.  

· Analysis of NAEP 2003 student questionnaire data suggests that female students are less likely than males to indicate that they like or are good at mathematics; however, male and female students seem to be similar in their beliefs about their level of understanding of what goes on in mathematics classes. 
































































� Although we acknowledge that different opinions exist with respect to the appropriateness of the racial/ethnic categories utilized here, we use them to be consistent with the NAEP data.


� The order of the response options (“agree,” “unsure,” “disagree”) for this and other questions was reversed on the 2003 student surveys from what they were on the 1990–2000 surveys, so it is possible that this reversal was a factor in this pattern. However, we did not see similar patterns in all of the 2000–2003 survey response comparisons, so it is not clear what role, if any, the response option reversal may have played.





Chapter 10, p. 15

