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Gender Differences 3

Gender Differences on Eighth Grade Mathematics Items: A Cross-Cultural Comparison of the United States and

Spain

Mathematics has been referred to as a "critical filter" (Fennema, 1990, p. 2) that can inhibit individuals'

occupational choices and later career advancement and change. Although some researchers (e.g., Noddings, 1998)

criticize the structure of society that values mathematics more than other domains, individuals in technological

societies must be able to understand and apply mathematical concepts. However, boys continue to outperform girls

in mathematics achievement, particularly by the end of secondary school (Fierros, 1999; Frost, Hyde, & Fennema,

1994; Leder, 1992). This finding has recently been challenged by other researchers who have suggested that gender

differences in the patterns of problem-solving strategies of students in early elementary school appear earlier than

originally thought (Fennema, Carpenter, Jacobs, Franke, & Levi, 1998a; 1998b). Furthermore, it is unclear whether

gender differences in mathematics have narrowed over time (Leder, 1992; Willingham & Cole, 1997). If equity is to

be achieved, it is important to continue a line of inquiry into the nature of gender differences, particularly at the

international level (Fierros, 1999).

The nature of the gender gap is also an increasingly international concern. More reliable samples of data,

particularly large samples that are representative of students nationally, are needed to examine the patterns in gender

differences across cultures (Willingham & Cole, 1997). Large data samples are well-suited for the study of gender

differences because they are less subject to sampling variation and to other extraneous factors that might be found in

smaller published reports. Although Benbow and Lubinski (1997) argued that mathematical talent appeared to have

biological co-variates in gifted mathematics students, Stromquist (1989) argued that the assumption of innate

differences between the sexes has led to attention being taken away from the study of environmental or cultural

factors on achievement in school. In addition, Hyde (1997) concluded that Benbow and Lubinski's fmdings could

not be generalized to the general population. Because women have achieved more in physics, an area that

traditionally favors men in the United States, in other countries such as Belgium, Brazil, France, Hungary, and the

Philippines (Dresselhaus, Franz, & Clark, 1994), Hyde noted that gender differences in mathematics are not due to

biological factors. "Culture, not biology, shapes women's success in science" (Hyde, 1997, p. 287).

Because gender differences vary from country to country (Beller & Gafni, 1996; Hanna, 1988, 1994;

Karunufigan & Engelhard, 1999), some researchers (Hanna 1988; Leder, 1992) have argued that socio-cultural

models, rather than biological factors, might explain the gender differences observed in eighth grade mathematics
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achievement. Baker and Jones (1993) showed that there was variation in the size and direction of gender differences

in mathematics performance in the Second International Mathematics Study (SIMS). Furthermore, sociological

factors such as variations in the gender stratification of educational and occupational opportunities in adulthood

were related to the gender differences observed in mathematics performance. Because mathematics has elements of

universality and truth, the subject has widely been regarded as "culture-free" (Bishop, 1988,p. 179). However,

mathematics has increasingly been addressed as a socio-cultural, value-laden phenomenon. In general, researchers

(e.g. Leder, 1990; Reyes & Stanic, 1988; Stromquist, 1989) proposed theoretical models that relate gender

differences in mathematics achievement to the social and cultural environment rather than genetics or biology.

According to Leder (1992), these models share a number of features in common:

the emphasis on the social environment, the influence of other significant people in that environment,

students' reactions to the cultural and more immediate context in which learning takes place, the cultural

and personal values placed on that learning and the inclusion of learner-related affective, as well as

cognitive, variables. (p. 609)

Cross-cultural data can assist researchers in understanding the differential influence of cultural variables on

mathematics attainment and gender differences in that achievement.

However, many large-scale national and international studies on gender differences have been limitedto

reports of overall mean differences. In a meta-analysis Frost, Hyde, & Fennema (1994) found that girls scored

higher than boys during elementary and middle school but by high school and college, gender differences favored

boys. Women usually performed as well or better than men in areas such as computation, but only in the early years,

while men performed better in content areas such as geometry and problems solving. However, the respective effect

sizes of the mean gender differences were generally small.

Similarly, in a secondary analysis of the 1991 International Assessment of Educational Progress in

Mathematics and Sciences (IAEP), the largest gender differences that favored boys occurred in thecontent areas of

geometry and measurement for both 9-year-olds and 13-year-olds (Beller & Gafni, 1996). Furthermore, the

differences tended to increase with age, but these differences varied according to the country. For example, there

were no statistically significant gender difference in terms of effect sizes in Hungary, Scotland, and the United

States for either the 9-year-old or the 13-year-old participants. However, statistically significant gender effects were

found in Israel, Spain, Korea, and Ireland. In Ireland and Spain the effect size increased with age, whereas the effect
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size in Korea decreased with age. For example, in Spain the gender effect size in mathematics was 0.01 at age 9 but

increased to 0.18 by age 13. Despite the effect size being statistically significant in favor of boys at age 13, an effect

size of 0.20 is considered relatively small (Cohen, 1992; Willingham & Cole, 1997).

In the Third International Mathematics and Science Study (TIMSS), researchers (Beaton, et al., 1996;

Fierros, 1999) found that few countries had statistically significant mean gender differences in the eighth grade.

When gender differences were statistically significant, both content category with the exception of algebra (Beaton,

et al., 1996) and higher cognitive demand (Fierros, 1999) tended to favor boys. The number of gender differences

increased in the 12th grade mathematics literacy and advanced mathematics assessments (Fierros, 1999). In a

majority of countries, boys outperformed girls at higher performing levels on both the Knowing and Procedures and

the Reasoning and Problem Solving items as well as the multiple-choice and short answer items.

Item Characteristics

Because gender differences in mathematics achievement are complex (Tate, 1997), the nature of gender

differences can be masked when comparing mean scores (Willingham & Cole, 1997). Consequently, the focus of

research has turned to examining the characteristics of mathematics items rather than simply comparing mean scores

(Engelhard, 1990; Garner & Engelhard, 1999). According to Hanna (1988, 1994), the Second International

Mathematics Study (SIMS) data indicated that there were variations in gender differences at the item level among

countries. When gender differences did exist, the algebra and computation subtests tended to favor girls, whereas the

measurement and geometry subtests favored boys. Using Differential Item Functioning (DIF) analysis on items from

SIMS, Engelhard (1990) found that gender differences tended to be more favorable toward boys as the complexity

of the mathematics items increased and as the content changed from arithmetic through algebra to geometry.

Differential bundle functioning (DBF), a collection of DIF items with a common characteristic such as item

content or cognitive complexity, is another method of detecting gender bias by producing a "bundle" of items that

are differentially easier for one matched group of test takers (Ryan & Fan, 1996). Using DBF in a secondary

analysis of SIMS, Ryan and Fan like Engelhard (1990) also found that algebra, arithmetic, and computation item

sets were differentially easier for eighth grade girls in the United States and geometry and applied items were easier

for boys in the United States sample. In addition, Ryan and Fan suggested that other areas such as ratio, proportion,

and percent should be examined in order to detect relationships between gender differences and subcontent domains.

Although Gamer and Engelhard (1999) found a similar relationship between content and gender on the 1994
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Georgia High School Graduation Test (GHSGT), boys had an unexpected advantage on number and computation

items in high school. Gamer and Engelhard suggested that the male advantage on number and computation problems

might be related to the inclusion of word problems and the use of calculators. In addition to fmding gender

differences in content areas, the researchers found that the type of item mattered. Multiple-choice items favored men

while constructed response items favored women. Some research (e.g., Lane, Wang, & Magone, 1996) found that

women performed better on constructed response items perhaps because their responses were more complete.

However, the explanations for these findings are still inconsistent and emerging.

The difficulty of items may explain the inconsistencies in research findings on different content areas like

computation (Bielinski and Davison, 1998). Although there were no gender differences on mean scores, Bielinski

and Davison found that boys performed better on the mathematics subtests that included application problems

involving ratios, proportions, and percents and estimation problems in real-life contexts. Girls, on the other hand,

performed better on the subtest that required students to read, use, and interpret graphs. However, Bielinski and

Davison suggested that these differences were not due to the content of the items, but rather, the difficulty of the

items. In other words, boys performed better on more difficult items, whereas girls scored higher on easier items

such as those found in the data interpretation subtest. Bielinski and Davison proposed that there is a shift in

mathematics ability for boys and girls as mathematics items become more difficult. The gender-by-item difficulty

interaction as well as the differences found in male-female variances (Feingold, 1992) may be the result of this

hypothesized shift in ability (Bielinski & Davison, 1998). Bielinski and Davison, however, did not examine the

complex relationships between difficulty and other item characteristics such as content or cognitive complexity.

Kupermintz and Snow (1997) attempted to describe the relationship between cognitive complexity and difficulty by

suggesting that differences between levels of cognitive performance, such as the difference between mathematical

knowledge and reasoning, are not simply distinctions of difficulty. The distinction between knowledge and

reasoning is instead a "qualitative, psychological distinction between kinds of cognitive functions" (p. 143).

Spain

To extend previous research about gender differences in mathematics, cross-cultural data are needed to

explore the pattern of relationships between gender differences and item characteristics. Spain was selected for

investigation for several reasons. First, Spain's geographical position and history have made the country a major

crossroad at which many cultures have met (Gil, 1994). Its diverse traditions and languages--Catalonian, Galician,
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Valencian, Basque, and Castilian--have resulted from the mixture and coexistence of several different cultures.

Second, the Spanish educational system has undergone significant changes over the last three decades (Alberdi &

Alberdi, 1991). Until 1970 co-education had been declared illegal, and compulsory education was limited to primary

education until the introduction of the 1970 General Education Act (LGE), which was in force until 1990. Once the

objective of providing at least eight years of schooling had been achieved (Gil, 1994), the General Arrangement of

Education System Act of October 1990 (LOGSE) was introduced to ensure higher quality teaching levels). The

reforms in 1990 further raised the compulsory school age from 14 to 16 years.

In addition to increasing the level of student education, Spain has been changing its nationally centralized

educational system to one that is regionally centralized with high responsibility at the school level (Beaton, et al.,

1996). The central administration in Spain continues to be responsible for basic legislation, the regulation of

certificates and degrees, the organization of the school system's levels, the subject matter, the requirements for

passing from one grade to another, and general planning (Barrio, 1999). The rest of the responsibilities have been

transferred to some of the "Autonomous Communities," which include Andalucia, the Canary Islands, Catalunya,

Galicia, Basque Country, Navarra, and Valencia. These communities administer the educational system while the

other communities continue to be managed by the Ministry of Education and Science. Few responsibilities, which

include the maintenance of preschools and elementary schools and the additional pedagogic services, are delegated

to the municipal governments.

Moreover, research on girls and educational equality in Spain has received scant attention (Alberdi &

Alberdi, 1991). Like the United States, girls perform better than boys throughout primary school in Spain. For

example, in eighth grade girls attained higher grades in arithmetic, reading, spelling, and comprehension. However,

boys performed better in aptitude tests, except in abstract reasoning, a cognitive demand that typically favors boys in

the United States. In TIMSS (Beaton, et al., 1996) as well as in the IAEP (Beller & Gafni, 1996), boys had higher

mean mathematics achievement than girls in eighth grade and tended to perform better in measurement, whereas

there were no statistically significant mean differences between boys and girls in the United States. In a national

survey conducted in Spain, other researchers (Institute Nacional de Calidad y Evaluacion, 1997) also reported small

gender differences in mathematics between 14-year-old boys and girls. This difference in favor of boys appeared to

increase as students moved through secondary school.

7



Gender Differences 8

In addition, Spain was selected in this analysis because Spanish students performed lower than students in

the United States in overall mathematics achievement in TIMSS (U.S. Department of Education, 1996). Overall, the

mathematics assessment was more difficult for Spanish students. Consequently, exploring patterns in gender

differences would be of interest because gender differences may be related to the difficulty of the mathematics item

(Bielinski & Davison, 1998).

Purpose of the Study

Rather than describe mean gender differences in mathematics across different cultures, this study instead

focused on an in-depth item analysis across two countries. Few researchers (Engelhard, 1990; Hanna, 1988) have

conducted studies that examine gender differences in mathematics at the item level in different cultures. Because

Bielinski and Davison (1998) suggested that task difficulty moderated gender differences, the interaction between

item difficulty and gender differences within item characteristics was also be investigated.

The purpose of the present study was to investigate gender differences on multiple-choice mathematics

items across two countries: United States and Spain. A secondary analysis of the data in the Third International

Mathematics and Science Study (TIMSS) was used to address the following research questions:

1. Is there a relationship between gender differences and item difficulty?

2. Is there a relationship between gender differences and mathematics content after controlling for item

difficulty?

3. After controlling for both item difficulty and content, is there a relationship between gender

differences and cognitive demand?

4. Does the type of item difficulty index and estimate of gender difference affect the relationship between

gender differences and item characteristics (difficulty, content, and cognitive demand)?

5. Do these relationships between item characteristics and gender differences in questions 1, 2, 3, and 4

replicate across cultures?

After exploring the relationship between item difficulty and gender differences, item difficulty was

controlled before the relationship between content and gender differences was investigated because item difficulty

might moderate the gender differences observed in mathematics (Bielinski and Davison, 1998). The relationship

between gender differences and cognitive demand was explored after controlling for both item difficulty and content

because the cognitive demand of the item was intended to be an indicator of the expected behavior within a content
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area (Robitaille, et al., 1993). Furthermore, the relationships observed between item characteristics and gender

differences were not affected by whether difficulty and cognitive demand were controlled before exploring the

relationship between gender differences and content or whether difficulty and contentwere controlled before

examining the relationship between gender differences and cognitive demand.

Gender differences in each research question were operationally defined by both an Impact Index, which

does not control for student achievement, and a Differential Item Functioning (DIF) Index, which controls for

students' achievement in mathematics within each country. To examine relationships between gender differences

and item characteristics, two types of difficulty indices were used and analyzed separately. Item difficulty was

defined by both the TIMSS international difficulty index estimated from item response theory scaling (IRT) and a

computed proportion-correct index based on the difficulty of each item calculated separately for bothSpain and the

United States. This study of the relationship between gender differences and item characteristics at the micro-level

was intended to be descriptive in nature.

Method

Participants

Participants included 7,087 eighth grade students from the United States (3,561 girls and 3,526 boys) and

3,855 students from Spain (2,007 girls and 1,848 boys) who participated in TIMSS (Martin & Kelly, 1997).

Population 2 within each country was defined as the two adjacent grades, which corresponded to seventh and eighth

grade classrooms in the United States and Spain, containing the most 13-year old students (Martin & Kelly, 1996).

For this study only the upper grade level of Population 2, eighth grade in both countries, was studied.

The TIMSS sample design was a two-stage cluster sample, with schools as the first stage of selection and

classrooms within these schools as the second stage of sample selection (Foy, Rust, & Schleicher, 1996; Gonzalez &

Smith, 1997). Because certain populations (e.g., African American and Hispanic students in the United States) were

oversampled, scores were weighted. The probability of an individual student being selected was calculated by

multiplying three selection probabilities--school, classroom, and student--and their respective adjustment factors

(Gonzalez & Smith, 1997). Inverting the probability provided the sampling weight for each student. Sampling

weights are necessary so that different subgroups of a population are proportionally represented when techniques

other than simple random sampling are used (Foy, 1997). Three types of sample weights (total student weight, house

weight, and senate weight) that have different properties but yield similar results were employed in TIMSS
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(Gonzalez & Smith, 1997). For example, the sum of the total weights within a sample provided an estimate of the

size of that population. In this case, each country would contribute proportionally to its population size so that

analyses would be affected by the size of the particular population. On the other hand, the sum of the senate weight,

proportional to the total weight, in each country would add to 1,000. In this instance, the contribution of each

country is the same when researchers require international estimates. Although three sampling weights were

provided in the TIMSS database, we used the house weight, which was designed to preserve the actual sample size

of each population tested when performing significance tests.

United States sampling. In the United States researchers followed the international specifications with a

few differences. First, an additional sampling stage preceded the school sampling stage. Primary sampling units

(PSUs), defined as metropolitan statistical areas, single counties, or groups of counties, were sampled during this

first stage (Gonzalez & Smith, 1997). In TIMSS there was a total of 1,027 PSUs on the sampling frame covering the

50 states. Eleven of the PSUs were taken as certainty selections because they represented the 11 largest metropolitan

areas while 48 noncertainty PSUs, their probability of being selected would be proportionate to the 1990 population,

were drawn from the remaining 1,016 PSUs. For the 11 certainty PSUs, the school sample was the first stage of

selection. In the 48 sampled noncertainty PSUs, the measures of size of the school were proportional to the target

grade size in the school divided by the PSU probability of selection. Furthermore, in both certainty and noncertainty

PSUs, schools with high percentage of blacks and Hispanics (greater than 15 percent) were oversampled by a factor

of two to allow for more detailed data analysis of patterns among minority groups in the United States. In addition,

one lower-grade classroom and two upper-grade classrooms were sampled in each school (Martin & Kelly, 1997).

Spain sampling. In Spain explicit stratification by eight regions, two types of schools (public and private),

and three levels of school size were created for a total of 43 strata (Martin & Kelly, 1997). However, because 15 of

these strata were small, proportional allocation of the 150 schools was limited to the remaining 28 explicit strata.

Other schools where the language of instruction was Euskera and very small schools were also excluded.

Instruments

All mathematics test items were grouped into 23 mutually exclusive item clusters; in other words, each

item appeared in only one of the 23 clusters. Although multiple-choice, short answer, and extended response items

were included in TIMSS (Adams & Gonzalez, 1996), only the 124 multiple-choice items were analyzed in the

present study. The TIMSS items were first prepared in English and later translated into other languages (Maxwell,
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1996). In Spain the TIMSS test was in four languages: Catellano, Catalan, Gallego, and Valenciano (Gonzalez &

Smith, 1997).

Because the total testing time in Population 2 was not to exceed 90 minutes, students could not take all

mathematics items (Adams & Gonzalez, 1996). Although there was a small subset of items common to all test

booklets, students were given different booklets that were approximately parallel in content and difficulty. The

design of the TIMSS test was based on a mutually exclusive cluster of items and then assigning these clusters to

eight test booklets in a systematic fashion. An item cluster was defined as a small group of items that were collected

together and treated as a block for the purposes of the test design. The number of items within each cluster varied

according to the type of cluster and item (multiple choice, short answer, and extended response) administered. These

clusters allowed for items to be rotated within test booklets. Of the 23 item clusters in mathematics, one cluster

appeared in all booklets, some in four, some in three, some in two, and some in only one booklet. Each test booklet

for Population 2 was comprised of up to seven item clusters of both science and mathematics items and was divided

into two parts administered in two consecutive testing sessions.

Variables

Difficulty. This statistic, which reflected the difficulty level estimated from item response theory scaling

(IRT), was developed from the performance of students in both grades in all countries (TIMSS, 1996). The higher

the international difficulty index, the more difficult the item. The international difficulty of the multiple-choice items

ranged from 326 to 693. A new difficulty index, based on the proportion correct for each item within each country,

was computed separately for Spain and the United States. The international difficulty index was correlated to a

computed proportion-correct scale--a conventional 2-valuefor each country. Pearson correlations between the

international difficulty index and the conventional item difficulty indices for both the United States and Spain were

E(122) = -.91, 2 < .0001 and r(122) = -.88, 2 < .0001, respectively. The associations were negative because smaller

2-values corresponded to more difficult items. In other words, as the international index increased, the computer

proportion-correct scale for each country decreased. The correlation between the conventional 2-values for each

country was r(122) = .83, p < .0001.

Content. The content categories referred to the subject matter content of the mathematics items (Robitaille

et al., 1993). Although TIMSS was designed to permit a detailed analysis of student performance in many content

categories, many of the detailed categories had to be collapsed into a few reporting categories (Garden & Orpwood,
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1996). Multiple-choice items reported in the Population 2 tests covered six different content areas in mathematics

that included: (a) Fractions and Number Sense (N = 41); (b) Geometry (N = 22); (c) Algebra (N = 22); (d) Data

Representation, Analysis, and Probability (N = 18); (e) Measurement (N = 13); and (f) Proportionality (N = 8).

Cognitive demand. Items were originally classified according to their performance expectations as follows:

(a) Knowing; (b) Routine Procedures; (c) Complex Procedures; (d) Solving Problems; (e) Justifying and Proving;

and (f) Communicating (Fierros, 1999). The performance expectations were a reconceptualization of the cognitive-

behavior dimension that had been used in earlier large-scale studies (Robitaille, et al., 1993). The purpose of the

performance expectations was to describe in a non-hierarchical way the kind of performance that students would be

expected to demonstrate within a content area. For this study the performance expectations (knowing, routine

procedures, and complex procedures and reasoning, problem solving, and communicating) for each item were

collapsed into two cognitive demands (knowing/procedures and reasoning/problem solving) as done in previous

large-scale assessments (e.g., Fierros, 1999; Kuppermintz & Snow, 1997). Knowledge and reasoning have been

identified as two meaningful dimensions for investigating mathematics achievement in large-scale assessments

( Kuppermintz & Snow, 1997). In the present study, knowing and procedure items were reclassified as the

knowing/procedures cognitive demand (N = 89) while reasoning, problem solving, and communicating items were

reclassified as the reasoning/problem solving cognitive demand (N = 35).

Procedures

Reponses to each item were weighted to ensure that the results represented the student populations in the

United States and Spain (Gonzalez & Smith, 1997). A SAS macro was used to score the multiple choice items from

the TIMSS database as either correct or incorrect by gender. In this secondary analysis of data from TIMSS, the item

was used as the unit of analysis for detecting gender differences in mathematics. Researchers (Engelhard, 1990;

Holland & Thayer, 1988) have recommended that the Mantel-Haenszel (MH) Procedure be used to examine

differential item functioning between selected groups such as gender. The values obtained from the MH Procedure

generally range from 2.6 to 2.6. The scales were set up to indicate that girls were more likely to succeed on items

that were positive while boys were more likely to succeed on items that were negative. Two estimates of gender

differences on the multiple-choice items were obtained: an Impact Index and a Differential Item Functioning (DIF)

Index. Gender difference estimates at the item level were calculated without controlling for the students' overall

level of mathematics achievement in the Impact Index. The DIF Index, on the other hand, provided a parametric

12
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estimate of gender differences after controlling for the students' overall level of achievement. Because students did

not complete every item on the mathematics section of the TIMSS assessment, student achievement was calculated

using the first plausible value of the students' overall mathematics score. Although a plausible value should not be

considered an individual test score (Gonzalez & Smith, 1997), this statistic provides the only estimate ofa student's

overall achievement in mathematics given that students received a selected set of the test items. To calculate the DIF

Index, 10 score groups on the basis of the students' overall mathematics scores were created to control for

achievement (Appendix). Although the number of students in each score group was not evenly distributed,

particularly the number of students in the upper and lower extremes, collapsing the score groups did not change the

results of the DIF estimates for either country. Both the Impact Index and the DIF Index were calculated separately

for each country.

After values for gender differences were calculated using the MH Procedure, separate ANOVAs were used

to examine the relationship between item characteristics (item difficulty, content, and cognitive demand) and the

Impact and DIF Indices within each country. To study the effect of the type of difficulty index on the relationship

between gender differences and item characteristics, two types of difficulty indices were used in the analysis: the

international difficulty index and the computed proportion-correct scale for each country. Descriptive statistics were

also calculated for both the Impact and DIF Indices for the United States and Spain to address whether mean gender

differences for each content and cognitive category were significantly different from 0 after controlling for item

difficulty.

Results

Impact Index

United States. The summary for the United States ANOVA, based on the Impact Index, is presented in

Table 1. International item difficulty had a statistically significant effect on gender differences. After controlling for

the international item difficulty, content category also had a statistically significant effect. However, there was no

statistically significant relationship between gender differences and cognitive demand after controlling for the

international item difficulty and content category. The interaction between difficulty and content category was

statistically significant. This interaction was related to the size and the direction of the Pearson correlation between

item difficulty and the Impact Index in each content category (Table 2). The correlation between item difficulty and

gender differences within the two content areas of fractions and number sense and data representation, analysis, and
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probability were statistically significant, r(39) = -.53, p < .001 and r(16) = -.52, p < .05, respectively. In other words,

a negative correlation indicated that more difficult items favored boys. Although the correlations between item

difficulty and gender differences within the other content categories were not statistically significant, the direction of

the correlation between item difficulty and gender differences within proportionality changed, r(6) = .43, n.s. The

interactions between content and cognitive demand and between difficulty, content, and cognitive demand were not

statistically significant.

In Tables 3 and 4, mean gender differences based on the Impact Index after controlling for item difficulty

in each content category and cognitive demand are presented. The scales were defined so that boys were more likely

to succeed on items with a negative value, whereas girls were more likely to succeed on items with a positive value.

The mean gender differences on the Impact Index were significantly different from 0 for the measurement items

with boys having the advantage in the United States (Table 3). Furthermore, the contrast between measurement and

all other content categories with the exception of proportionality was statistically significant. Similarly, boys had an

advantage on reasoning/problem solving items (Table 4). The difference between knowing/procedures items with

the reasoning/problem solving items was also statistically significant. Within algebra, girls had an advantage on

knowing/procedures items, (M = .28, SE = .13, p < .05), but in measurement, boys outperformed girls within both

knowing /procedures and reasoning/problem solving (M = -.46, SE = .16, p < .01; M = -.82, SE = .37, p < .05,

respectively).

The United States difficulty index had a greater effect on gender differences than did the international

difficulty index (Table 1). Although content category did not have a statistically significant relationship to the

Impact Index after controlling for the country specific difficulty index, the effect approached significance, F(1,100)

= 2.09, p = .0727. Similarly, the interaction between content and the United States item difficulty approached

statistical significance, F(5,100) = 2.10, p = .0715. Although the directions of the correlations between gender

difference and United States item difficulty remained the same, more difficult items favored boys in algebra, rather

than data representation, analysis, and probability (Table 2). United States item difficulty continued to be related to

Impact within fractions and number sense with more difficult items favoring boys.

Descriptive statistics for mean gender differences, based on the Impact Index in each content category and

cognitive demand, are presented after controlling for the United States item difficulty in Tables 3 and 4. When

controlling for the United States item difficulty, the mean gender differences for the Impact Index were no longer
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statistically significant for either content or cognitive demand. However, within algebra, the advantage that girls had

on knowing /procedures items approached statistical significance (M = .22, SE = .12, p < .08), whereas boys

continued to outperform girls on knowing/procedures items within geometry (M = -.43, SE = .16, p < .01).

A summary of the number of items that favored boys and girls within each content area and cognitive

demand is reported in Table 5. For the Impact index, almost twice as many items favored boys as girls in the United

States. Boys were more likely to succeed on an item within fractions and number sense, measurement, and

geometry. Girls, in contrast, were more likely to succeed on items within the content categories of algebra and data

representation. Furthermore, boys were also more likely to succeed on items within both cognitive demands.

Spain. International item difficulty also had a statistically significant effect on gender differences in Spain

(Table 6). Content category had a statistically significant effect on Impact after controlling for the international item

difficulty, but cognitive level did not have an effect after controlling for item difficulty and content category. Unlike

the United States, the interaction between the international item difficulty and content category was not statistically

significant, whereas the interaction between the international item difficulty and cognitive demand was statistically

significant. Even though there was no interaction between item difficulty and content, there was a statistically

significant correlation between item difficulty and gender differences within the content category of data

representation, analysis, and probability as observed in the United States, r(39) = -.48, p < .05 (Table 2). The

interaction between item difficulty and gender differences within cognitive demand appeared to be attributable to the

change in direction and magnitude of the Pearson correlation between knowing/procedures and reasoning/problem

solving (Table 7). Whereas gender differences within knowing/procedures were significantly correlated to item

difficulty, r(87) = -.29, p < .01, gender differences within reasoning/problem solving were not related to item

difficulty, r(33) = .04, n.s. More difficult items within the lower cognitive demand favored Spanish boys. The

interactions between content and cognitive demand and between difficulty, content, and cognitive demand were not

statistically significant.

After controlling for the international item difficulty, mean differences were significantly different from 0

for both data representation, analysis, and probability and knowing/procedures (Tables 3 and 4). In both cases, these

categories favored boys. Within the content categories of measurement; geometry; and data representation, analysis,

and probability, boys had the advantage in the knowing /procedures items (M = -.72, SE = .20, p < .001; M = -.36,

SE = .18, p < .05; M = -.62, SE = .31, p < .05, respectively).
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Like the United States, the relationship between gender difference and the Spanish difficulty indexwas

stronger (Table 6). Furthermore, the relationship between gender differences and content, after controlling for the

Spanish item difficulty, was not statistically significant. However, this effect approached significance F(5,100) =

2.09, p = .0734. The interaction between cognitive demand and Spanish item difficulty, however, continued to be

statistically significant. Item difficulty and Impact were related within the knowing/procedures cognitive demand

(Table 7); a positive correlation indicated that boys performed better on more difficult items within this cognitive

demand for the country specific difficulty index. Although there was not a statistically significant relationship

interaction between content and Spanish item difficulty, there were statistically significant relationships between

item difficulty and gender differences within the content categories of fractions and number sense and data

representation, analysis, and probability (Table 2). In fact, these correlations between gender differences and

Spanish item difficulty were stronger than the relationships between gender differences and the international

difficulty index within these content areas.

After controlling for item difficulty in Spain, the mean gender differences based on Spain's Impact Index

are presented in Tables 3 and 4. Within the content category of data representation, analysis, and probability, boys

had the advantage. In addition, the advantage that boys had in geometry approached statistical significance (M = -

.31, SE = .16, p < .06). The contrast of the data representation, analysis, and probability items with the fractions and

number sense items was statistically significant, whereas the contrast between cognitive demands was not. However,

Spanish boys were more likely to succeed on Knowing/Procedure items (Table 4). Within the content categories of

measurement; geometry; and data representation, analysis, and probability, boys continued to have an advantage on

mathematics items that were classified as knowing /procedures (M = -.71, SE = .18, p < .001; M = -.38, SE = .17,

< .05; M = -.65, SE = .26, p < .05, respectively).

For the Impact Index, the number of items that favored boys and girls within each content category and

cognitive demand is presented in Table 5. Spanish boys outperformed Spanish girls on over three times as many

mathematics items. Boys, in general, were more likely to succeed on items within all content categories, except

algebra, and the lower cognitive demand, knowing /procedures.

DIF Index

United States. The results for the third ANOVA, based on the DIF Index, which controls for student

achievement in mathematics, are reported in Table 8. The international item difficulty index did not have an effect
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on the second measure of gender difference, DIF, in the United States although the relationship approached

significance, F(1,100) = 3.34, p = .0704. After controlling for the international item difficulty, content category

continued to have a statistically significant effect. In addition, the interaction between content category and

international item difficulty remained from Impact to DIF. Within the content category of fractions and number

sense, the DIF index was related to the international difficulty index (Table 9). Boys continued to perform better on

more difficult items within this category. No other statistically significant relations were detected although the

relationship between item difficulty and gender difference within data representation, analysis, and probability

approached significance, r(16) = -.44, p < .07.

After controlling for the international difficulty, the mean difference was significantly different from 0

within the content area of measurement (Table 10); again, this difference favored boys within both cognitive

demands, knowing /procedures and reasoning/problem solving, respectively (M = -0.39, SE = .19, p < .05; M = -

.93, SE = .45, p < .05). Measurement differed significantly from the other content categories with the exception of

proportionality while reasoning/problem solving differed significantly from the lower cognitive demand,

knowing /procedures. Within algebra, girls outperformed boys on only knowing/procedures items (M = .47, SE =

.16, p < .01). Overall, boys continued to succeed on the higher cognitive demand (Table 11).

The United States item difficulty had a statistically significant effect on gender differences even when

student achievement was controlled (Table 8). The relationship between the DIF index and United States item

difficulty was stronger than the relationship observed between DIF and the international index as expected. Content

continued to have an effect on gender differences even though the United States item difficulty was controlled. The

interaction, however, between United States item difficulty and DIF was not statistically significant in this case

although there was a statistically significant relationship between DIF and item difficulty within data representation,

analysis, and probability (Table 9).

Whereas the magnitude of the predicted mean score, after controlling for United States difficulty, was

relatively large within both measurement and reasoning/problem solving, the gender differences in favor of boys

were not statistically significant due to the large variability (Tables 10 and 11). Girls outperformed boys in algebra

within knowing /procedures (M = .43, SE = .15, p < .01) while boys succeeded on measurement items within

knowing /procedures
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(M = -.42, SE = .20, 2 < .05). Although the magnitude of the boys' performance in geometry within

reasoning/problem solving was higher than that of knowing /procedures (M = -1.43, SE = 1.14, 2 < .22), there was

no statistically significant difference due to the large variability.

When controlling for the achievement of the student, girls were more likely to succeed on a mathematics

item (Table 12). In general, girls and boys were equally likely to succeed on mathematics items within most content

categories and both cognitive demands. However, girls were still more likely to succeed on algebra items, whereas

boys were more likely to succeed on measurement items. Interestingly, more geometry items favored girls when

controlling for student achievement.

Spain. The results for the ANOVA based on the DIF index in Spain are presented in Table 13. The

international difficulty index had no statistically significant effect on gender differences when controlling for student

achievement, but the relationship between difficulty and DIF approached significance, F(1,100) = 3.51, 2 = .0639.

After controlling for the international item difficulty, the content of the item continued to have an effect on gender

differences. No interactions between variables were detected.

Although there were no statistically significant gender differences within each content area after controlling

for international item difficulty, boys continued to outperform girls within knowing /procedures (Tables 11). Within

geometry, Spanish boys also outperformed Spanish girls in the lower cognitive demand, knowing /procedures (M = -

.59, SE = .23, 2 < .01).

The Spanish item difficulty had a strong effect on DIF (Table 13). After controlling for the Spanish item

difficulty, the relationship between gender differences and content category approached significance, F(5,100) =

2.30, 2 = .0508. The interaction between the Spanish item difficulty and cognitive demand was also statistically

significant. Once more, gender differences, when controlling for achievement, and item difficulty had a statistically

significant association with knowing and procedures (Table 13). Boys performed better on more difficult items

within this cognitive demand. In addition, boys were more likely to outperform girls within the content categories of

fractions and number sense and data representation, analysis, and probability when the items became more difficult

(Table 9).

When controlling for Spanish item difficulty, boys were more likely to succeed on items within data

representation, analysis, and probability even when student achievement was controlled (Table 10). Moreover, the

difference between data representation, analysis, and probability and fractions and number sense was statistically
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significant. Overall, Spanish boys were more likely to succeed on items that were classified as knowing/procedures

in contrast to boys in the United States (Table 11). Furthermore, Spanish boys were more likely to perform better on

knowing/procedures items within the content areas of measurement and data representation, analysis, and

probability (M = -.58, SE = .22, p < .01; M = -.60, SE = .31, p < .05, respectively).

After controlling for student achievement, the number of items that favored boys and girls in Spain is

presented in Table 12. As in the United States, girls performed relatively better when they were matched with boys

on mathematics achievement. Girls and boys performed similarly in all content areas with the exception of

measurement and knowing/procedures, both this content category and cognitive demand favored boys.

Discussion

The purpose of the study was to investigate the relationships between gender differences at the item level

and item characteristics across Spain and the United States. The first objective of the study was to determine

whether observed gender differences on mathematics items were related to item characteristics (item difficulty,

content, and cognitive demand). The results indicated that gender differences were related to item characteristics in

both the United States and Spain. In general, gender differences in both countries were related to item difficulty and

content category, controlling for item difficulty, as found in previous research (Engelhard, 1990). However, unlike

the findings of Engelhard, cognitive demand was not related to gender differences after controlling for both item

difficulty and content category. We should point out, however, that the cognitive demand in the present study was

collapsed into two categories unlike the previous study, which contained three cognitive levels: computation,

comprehension, and application.

Although Bielinski and Davison (1998) indicated that mathematics content did not explain gender

differences, these results suggested that the relationship between gender differences and difficulty also depended on

the content category of the item. Indeed, the strength of the association between the difficulty of the mathematics

item and gender differences was stronger, but, in general, gender differences continued to be related to the content of

the item even after controlling for item difficulty. Furthermore, the relationships between gender differences and

item difficulty within each content category varied. Interactions between item difficulty and other item

characteristics--content in the United States and cognitive demand in Spain--were also detected. Overall, gender

differences in both countries were related to item difficulty within the content areas of fractions and number sense

and data representation, analysis, and probability. In both content areas, boys performed relatively better than girls
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as the difficulty of those items increased. However, this was not true within the other content areas with the

exception of the relationship between United States item difficulty and Impact. Furthermore, the most difficult

subtests did not always correspond with boys' success in a particular content category as suggested by Bielinski and

Davison. Although not statistically significant, the results suggested that girls performed better on more difficult

items within proportionality in the United States sample. In fact, the most difficult item, which was within

proportionality, for both the international and United States samples favored girls. In addition, the most

internationally difficult content categories were algebra and proportionality while the easiest category for both

difficulty indices was data representation, analysis, and probability. Interestingly, the easiest content category, for

both the international and the Spanish sample, favored boys in Spain. Because there were a limited number of items

in the categories of proportionality, caution must be used in the interpretation of these results. Although narrowly

defined sub-categories could permit some types of analysis, a highly specified content classification would not have

allowed researchers to describe trends and changes in curriculum as well as making the framework applicable to all

participating countries (Robitaille et al., 1993). These results would suggest that the relationship between item

difficulty and gender differences is more complex than initially suggested by Bielinski and Davison (1998).

For the most part, however, the pattern of gender differences in the United States, related to content

category and cognitive demand, confirmed previous research (Engelhard, 1990; Frost, Hyde, & Fennema, 1994;

Garner and Engelhard, 1999; Hanna, 1988). For example, boys in the United States performed better in

measurement after item difficulty was controlled. The number of measurement items that statistically favored boys

even when student achievement was controlled also confirmed this relationship. Although the overall adjusted mean

score in algebra did not statistically favor girls, girls outperformed boys on almost a quarter of the algebra items

while boys outperformed girls on only one of the algebra items. Interestingly, the algebra item in which boys were

more likely to succeed was also labeled reasoning/problem solving, the higher cognitive demand. In addition, the

adjusted mean score in reasoning/problem solving within algebra favored boys while the algebra items labeled

knowing /procedures favored girls.

As expected, boys in the United States sample were more likely to succeed on cognitively complex items.

Although girls in the United States were more likely to be successful on the computation items in the Second

International Mathematics Study (SIMS) (Engelhard, 1990), a similar comparison could not directly be made in the

Third International Mathematics Science Study (TIMSS) because computation and comprehension problems were
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both found in the lower cognitive demand. Even though the adjusted means did not show the content area favoring

either gender, boys performed better on more items within the fractions and number sense category for Impact in the

United States. For this gender difference estimate, the items that favored girls tended to be items relatedto

computation such as the subtraction of decimals or multiplication of decimals. Boys in contrast performed better on

items that required students to either order or relate fractions, decimals, and percents and those items that integrated

measurement. This may explain the inconsistencies in the direction of gender differences in this content area found

in other research on gender differences in mathematics (Gamer & Engelhard, 1999).

The second objective of the study was to explore whether the type of difficulty index and estimate of

gender difference affected the relationship between item characteristics and gender differences. Although the

country specific indices were highly correlated to the international difficulty index, gender differences in both

countries tended to have stronger relationships to their respective country difficulty indices. In general, after

controlling for the country specific difficulty index, the relationships between gender differences and content, as

well as the interactions between item characteristics, were similar to those reported using the international difficulty

index. Even when the relationship between gender differences and item characteristics were not statistically

significant, the relationships generally approached statistical significance with the exception of the interaction

between item difficulty and content in the United States for DIF. Although item difficulty is strongly related to

gender differences as Bielinski and Davison (1998) suggested, other characteristics such as the content classification

of the item are also related to the observed gender differences in mathematics.

In both countries, controlling for student achievement in mathematics appeared to reduce the differences

between boys and girls. However, content was still associated with gender differences after controlling for both

types of item difficulty. Furthermore, the adjusted mean score in measurement continued to favor boys in the United

States after controlling for international item difficulty, although the difference disappeared due to the large

variability when using the country specific difficulty index. Nonetheless, within the lower cognitive demand, the

gender differences in measurement favored boys. In measurement, more items favored boys even when achievement

was controlled in both countries while algebra items continued to favor girls in the United States. Similarly, the

gender differences in algebra were in favor of girls within the lower cognitive demand. Girls, on the other hand,

performed better than boys on algebra items that required the translation of words into algebraic symbols. Again, the

only algebra item that favored boys in the United States was one that demanded higher cognitive functioning.
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Moreover, this algebra item required students to use a balance to solve an algebraic equation, a visual method for

finding the value of an unknown variable. The number of items that favored boys and girls in both measurement and

algebra confirmed these observations.

For DIF, the number of items that favored either boys or girls was approximately equal within fractions and

number sense. However, boys performed better on more difficult items within this content category in both countries

and within data representation, analysis, and probability in Spain. Furthermore, the items that continuedto favor

boys in fractions and number sense tended to be related to measurement; fraction, decimal, andpercent concepts; or

application problems. Those items that tended to favor girls related to computation, which confirms earlier research

(Engelhard, 1990; Frost, Hyde, & Fennema, 1994; Ryan & Fan, 1996) and may explain the discrepancies found in

other studies (e.g., Garner & Engelhard, 1999). Perhaps the exploration of a secondary classification of the item

content would provide an alternative way for detecting gender differences on mathematics items.

The final objective of the study was to explore whether the relationships between item characteristics and

gender varied across cultures. Although the study was descriptive in nature, the results suggest that gender

differences vary across countries (Beller & Gafni, 1996; Hanna, 1988, 1994; Karunungan & Engelhard, 1999). Even

though the relationship between gender differences and item difficulty and between gender differences andcontent

after controlling for difficulty in Spain were statistically significant, there was an interaction between difficulty and

gender differences within cognitive demand rather than within content. Interestingly, Spanish boys were more likely

to outperform Spanish girls within the lower cognitive demand, knowing /procedures, for both Impact and DIF,

whereas in the United States, as expected, the higher cognitive demand tended to favor boys. Furthermore, more

difficult items, using either measure of item difficulty within the lower cognitive demand, tended to favor boys in

Spain for both Impact and DIF. Although this was true in the United States for the Impact Index, there was no

statistically significant relationship between item difficulty and gender difference for the DIF index.

Moreover, the pattern between gender differences and content category differed from that of the United

States. In Spain the results indicated that gender differences, using the Impact index and both measures of item

difficulty, become more favorable toward boys as the content category moved from fractions and numbersense to

algebra; geometry; proportionality; measurement; and data representation, analysis, and probability. Although the

arrangement changed from Impact to DIF, the results were similar. Data representation, analysis, and probability

items were still more likely to favor boys after controlling for Spain's level of item difficulty. These differences may
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be due to curricular differences (Hanna, 1988) or other cultural variables. For example, in an analysis of eighth

grade mathematics books, Howson (1995) noted that Spain omitted the study of probability and statistics in grade 8.

Other researchers, using regression analysis (Byrnes & Takahira, 1993), have noted that prior knowledge and

strategy use explained nearly 50% of the variance in Scholastic Aptitude Test (SAT) scores, whereas gender

explained no unique variance even though male students outperformed female students overall on the SAT

mathematics items. Perhaps the higher performance of boys in Spain on data representation, analysis, and

probability is related to this topic's omission in the eighth grade curriculum.

Karunuilgan & Engelhard (1999) suggested that girls also outperform boys in content areas other than

algebra. In a recent study that examined gender differences in Singapore, Karunufigan & Engelhard found that girls

in general succeeded on more items in every content category except measurement in TIMSS. Even within

measurement, a category that internationally favors boys, boys scored higher than girls on only 2 of the 13 items

within that category. In addition, girls in Singapore continued to score better on more algebra items. Because

students in Singapore scored higher than students in the United States, the items were relatively easier in Singapore.

Future studies should examine the relationship between item characteristics and gender differences in other

countries, particularly looking at countries that performed at different levels of achievement and at the role of item

difficulty in gender differences. This may raise suspicions about the widely accepted belief that boys perform better

than girls in mathematics, specifically in measurement, geometry, and higher level problem solving (Engelhard,

1990; Frost, Hyde, & Fennema, 1994; Hanna, 1988; Ryan & Fan, 1996).

Because the culture in the United States is not homogeneous, it would, therefore, be prudent to investigate

gender differences using the United States sample. Racial-ethnic background are rarely examined in the context of

gender differences in mathematics achievement (Tate, 1997). Previous research (e.g., Fan, Chen, & Matsumoto,

1997) indicated that gender differences do not occur in similar ways among different ethnic groups within the

United States. Although trends in gender differences in mathematics were consistent for Whites, Asian, and

Hispanics, African American students showed an opposite pattern: Girls had a slight advantage over boys in the 8th,

10th, and 12th grades. Due to the oversampling of minority students in the United States population, it would be

interesting to investigate patterns in gender differences within various ethnic groups.

Because this study was intended to be descriptive in nature, certain limitations need to be addressed. The

methodology of both this study and large-scale surveys of academic performance in general do not support causal
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inferences. Although one of the major strengths in conducting secondary analyses on large representative samples is

the sensitivity of statistical tests to detect small gender differences, these differences need to be interpreted

cautiously. Although some of the statistically significant differences were small, the patterns in gender differences

that emerged suggested that gender differences in mathematics vary across cultures. Furthermore, international

comparisons need to be made judiciously because of the multiple variables that need to be taken into account

(Robitaille & Travers, 1992). The present study did not address possible explanatory variables such as the

curriculum, opportunity to learn, and other cultural and student variables that might relate to these gender

differences. Another potential limitation of this study is that these items went through a prior bias review (Garden &

Orpwood, 1996); the sensitivity of the items to detect gender differences may be attenuated to an unknown degree.

In addition, the secondary data researcher has no control over the design of the instruments in the study. Some of the

items were originally classified into two content areas, but only the principal label was retained in the reporting of

results (Garden & Orpwood, 1996). The original classification system may have clarified the inconsistencies and

provided more information about the relationship between mathematics and gender differences within content areas.

Because of the nature of large-scale studies, it is difficult to assess the strategies used to solve complex

problems. In a recent study, Fennema, Carpenter, Jacobs, Franke, & Levi (1998a, 1998b) found that gender

differences in problem-solving strategies were observed as early as grades 1-3. No gender differences were found in

the ability to solve any problems with the exception of an extension problem, which favored the boys in grade 3.

However, girls tended to use concrete solution strategies while the boys were more likely to employ invented

algorithms in their problem solving strategies. Those students, both boys and girls, whowere able to use invented

algorithms in the earlier grades were better able to solve the extension problems by grade 3. Although the TIMSS

data provided some information on the processes used by students in solving certain extended response and

performance assessment problems, qualitative interviews of students about their problems solving strategies,

particularly the strategies employed by students engaged in these items, would provide further information about the

nature of gender differences.

Conclusion

Despite the limitations, these results have important implications for interpreting gender differences in

mathematics achievement. First, although there were no mean gender differences on the total scores in the United

States as in Spain (Beaton et al., 1996), micro-level analysis of item characteristics must be considered in
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interpreting results. Even within categories, the direction of gender differences varied depending on other

characteristics of the item. When using either Impact or DIF as a measure of gender difference, the examined item

characteristics accounted for a large percentage of the variance in gender differences, approximately 30% of the

variance after controlling for student achievement in both countries. Furthermore, the role of item difficulty in

gender difference research is receiving more attention in the literature (Bielinski & Davison, 1998). Item difficulty

was indeed related to gender differences in both countries, particularly when the country specific difficulty indices

were used. Nevertheless, the results suggest that difficulty may interact with other item characteristics such as

content and cognitive complexity. Both the definition of difficulty, whether it is specific to a particular population or

independent of the population, and the nature of the concept of difficulty in assessment need to be further addressed

to clarify its relationship with other item characteristics and opportunity to learn. Is an item inherently difficult or is

its difficulty related to the degree to which it is taught in school or at home? If an item's difficulty is related to a

student's opportunity to learn, changes in curriculum and instruction practices may be part of the solution to gender

differences in mathematics performance.

Whereas the results from the United States sample tended to replicate previous research, results from the

Spanish sample indicated that boys outperformed girls on items that typically favor girls in the United States.

Because gender differences may vary across cultures, socio-cultural models, rather than biological factors, might

explain the gender differences observed in mathematics achievement. Although most studies on gender differences

have been investigated in the United States, cross-cultural studies can help to clarify the complex nature of gender

differences in mathematics achievement. If researchers are to continue to explore gender differences in mathematics

achievement so as to inform educational policy, develop teaching strategies, and clarify the theoretical basis of

gender differences, they will need to address the role of cultural variables and opportunity to learn on gender

differences in mathematics.
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Table 1
Analysis of Variance Summary for United States (Impact Index)

Source of
variation SS df F R

International difficulty index
Item difficulty (D) 3.250 1 11.74 .0009
Content category (A) 4.242 5 3.07 .0129
Cognitive demand (B) 0.663 1 2.40 .1248
D x A 3.825 5 2.76 .0221
D x B 0.352 1 1.27 .2621
A x B 0.675 5 0.49 .7848
D x A x B 1.318 5 0.95 .4506

Error 27.676 100

USA difficulty index
Item difficulty (D) 7.767 1 29.87 .0001
Content category (A) 2.719 5 2.09 .0727
Cognitive demand (B) .450 1 1.73 .1911
D x A 2.731 5 2.10 .0715
D x B .236 1 0.91 .3434
A x B .879 5 0.68 .6427
DxAxB 1.216 5 0.94 .4615

Error 26.003 100
Note. Sequential sums of squares (Type I SS) are reported here. For the international difficulty
index and the United States difficulty index, the r2 was .34 and .38, respectively.

30



G
en

de
r 

D
if

fe
re

nc
es

31

T
a
b
l
e
 
2

C
o
r
r
e
l
a
t
i
o
n
 
B
e
t
w
e
e
n
 
G
e
n
d
e
r
 
D
i
f
f
e
r
e
n
c
e
s
 
a
n
d
 
D
i
f
f
i
c
u
l
t
y
 
W
i
t
h
i
n
 
C
o
n
t
e
n
t
 
C
a
t
e
g
o
r
y
 
f
o
r
 
t
h
e
 
U
n
i
t
e
d

S
t
a
t
e
s
 
a
n
d
 
S
p
a
i
n
 
(
I
m
p
a
c
t
)

C
o
n
t
e
n
t
 
C
a
t
e
g
o
r
y

N
u
m
b
e
r
 
S
e
n
s
e

A
l
g
e
b
r
a

M
e
a
s
u
r
e
m
e
n
t

G
e
o
m
e
t
r
y

D
a
t
a
 
R
e
p
r
e
s
e
n
t
a
t
i
o
n

P
r
o
p
o
r
t
i
o
n
a
l
i
t
y

(
N
 
=
 
4
1
)

(
N
 
=
 
2
2
)

(
N
 
=
 
1
3
)

(
N
 
=
 
2
2
)

(
N
 
=
 
1
8
)

(
N
 
=
 
8
)

I
n
t
e
r
n
a
t
i
o
n
a
l
 
d
i
f
f
i
c
u
l
t
y
 
i
n
d
e
x

U
n
i
t
e
d
 
S
t
a
t
e
s

S
p
a
i
n

_
.
5
3
*
*
*

-
.
2
3

-
.
1
7

-
.
0
9

-
.
5
2
*

.
4
3

-
.
2
8

-
.
0
7

.
0
1

-
.
0
3

-
.
4
9
*

-
.
4
8

C
o
u
n
t
r
y
 
d
i
f
f
i
c
u
l
t
y
 
i
n
d
e
x

U
n
i
t
e
d
 
S
t
a
t
e
s

S
p
a
i
n

.
5
4
*
*
*

.
4
9
*

.
1
0

.
3
0

.
3
5

-
.
0
5

.
4
7
*
*

.
2
2

-
.
0
2

-
.
0
6

.
6
3
*
*

.
4
8

N
o
t
e
.
 
A
 
n
e
g
a
t
i
v
e
 
c
o
r
r
e
l
a
t
i
o
n
 
b
e
t
w
e
e
n
 
g
e
n
d
e
r
 
d
i
f
f
e
r
e
n
c
e
s
 
a
n
d
 
i
n
t
e
r
n
a
t
i
o
n
a
l
 
d
i
f
f
i
c
u
l
t
y
 
w
i
t
h
i
n

c
o
n
t
e
n
t
 
i
n
d
i
c
a
t
e
s
 
t
h
a
t
 
b
o
y
s
 
p
e
r
f
o
r
m
 
b
e
t
t
e
r
 
o
n
 
m
o
r
e
 
d
i
f
f
i
c
u
l
t
 
i
t
e
m
s
.
 
A
 
p
o
s
i
t
i
v
e
 
c
o
r
r
e
l
a
t
i
o
n

b
e
t
w
e
e
n
 
g
e
n
d
e
r
 
d
i
f
f
e
r
e
n
c
e
s
 
a
n
d
 
t
h
e
 
d
e
r
i
v
e
d
 
c
o
u
n
t
r
y
 
d
i
f
f
i
c
u
l
t
y
 
i
n
d
e
x
 
w
i
t
h
i
n
 
c
o
n
t
e
n
t
 
i
n
d
i
c
a
t
e
s

t
h
a
t
 
b
o
y
s
 
p
e
r
f
o
r
m
 
b
e
t
t
e
r
 
o
n
 
m
o
r
e
 
d
i
f
f
i
c
u
l
t
 
i
t
e
m
s
.
 
T
h
e
 
c
o
u
n
t
r
y
 
d
i
f
f
i
c
u
l
t
y
 
i
n
d
e
x
 
r
e
f
e
r
s
 
t
o
 
t
h
e

c
o
m
p
u
t
e
d
 
p
r
o
p
o
r
t
i
o
n
 
c
o
r
r
e
c
t
 
d
i
f
f
i
c
u
l
t
y
 
i
n
d
e
x
 
f
o
r
 
e
a
c
h
 
c
o
u
n
t
r
y
.

*
p
 
<

.
0
5
.
 
*
*
p
 
<

.
0
1
.
 
*
*
*
p
 
<
 
.
0
0
1
.

31

B
E

ST
 C

O
PY

 A
V

A
IL

A
B

L
E

32



G
en

de
r 

D
if

fe
re

nc
es

32

T
a
b
l
e
 
3

A
d
j
u
s
t
e
d
 
M
e
a
n
 
S
c
o
r
e
s
 
b
y
 
C
o
n
t
e
n
t
 
C
a
t
e
g
o
r
y
 
f
o
r
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
a
n
d
 
S
p
a
i
n
 
(
I
m
p
a
c
t
 
I
n
d
e
x
)

D
a
t
a
 
R
e
p
r
e
s
e
n
t
a
t
i
o
n

(
N
 
=
 
1
8
)

I
n
t
e
r
n
a
t
i
o
n
a
l
 
d
i
f
f
i
c
u
l
t
y
 
i
n
d
e
x

U
n
i
t
e
d
 
S
t
a
t
e
s

M
.
0
1

S
E

.
1
6

S
p
a
i
n M

-
.
4
5
*

S
E

.
2
0

C
o
u
n
t
r
y
 
d
i
f
f
i
c
u
l
t
y
 
i
n
d
e
x

U
n
i
t
e
d
 
S
t
a
t
e
s

-
.
0
6

S
E

.
1
6

S
p
a
i
n

-
.
4
9
*
*
*

S
E

.
1
8

C
o
n
t
e
n
t
 
C
a
t
e
g
o
r
y

A
l
g
e
b
r
a

(
N
 
=
 
2
2
)

N
u
m
b
e
r
 
S
e
n
s
e

G
e
o
m
e
t
r
y

(
N
 
=
 
4
1
)

(
N
 
=
 
2
2
)

P
r
o
p
o
r
t
i
o
n
a
l
i
t
y

(
N
 
=
 
8
)

M
e
a
s
u
r
e
m
e
n
t

(
N
 
=
 
1
3
)

-
.
0
4

-
.
0
8

-
.
1
6

-
.
3
5

-
.
6
4
*
*

.
1
5

.
0
9

.
1
3

.
2
0

.
2
0

-
.
0
8

-
.
0
7

-
.
3
1

-
.
3
4

-
.
4
1

.
1
8

.
1
2

.
1
7

.
2
5

.
2
5

-
.
1
0

-
.
1
0

-
.
0
8

-
.
2
7

-
.
4
0

.
1
6

.
0
9

.
1
5

.
1
9

.
4
7

-
.
1
3

-
.
0
6

-
.
3
1

-
.
3
2

-
.
3
8

.
1
8

.
1
1

.
1
6

.
2
4

.
2
4

N
o
t
e
.
 
S
c
o
r
e
s
 
a
r
e
 
a
d
j
u
s
t
e
d
 
l
e
a
s
t
 
s
q
u
a
r
e
 
m
e
a
n
s
.
 
G
i
r
l
s
 
a
r
e
 
m
o
r
e
 
l
i
k
e
l
y
 
t
o
 
s
u
c
c
e
e
d
o
n
 
i
t
e
m
s
 
w
i
t
h

p
o
s
i
t
i
v
e
 
v
a
l
u
e
s
 
o
n
 
t
h
e
 
I
m
p
a
c
t
 
I
n
d
e
x
 
w
h
i
l
e
 
b
o
y
s
 
a
r
e
 
m
o
r
e
 
l
i
k
e
l
y
 
t
o
 
s
u
c
c
e
e
d
 
w
h
e
n
 
t
h
e
 
v
a
l
u
e
s

a
r
e

n
e
g
a
t
i
v
e
.
 
T
h
e
 
a
s
t
e
r
i
s
k
 
i
n
d
i
c
a
t
e
s
 
m
e
a
n
 
g
e
n
d
e
r
 
d
i
f
f
e
r
e
n
c
e
s
 
t
h
a
t
 
a
r
e
 
s
i
g
n
i
f
i
c
a
n
t
l
y
 
d
i
f
f
e
r
e
n
t
 
f
r
o
m

0
.
 
T
h
e
 
c
o
u
n
t
r
y
 
d
i
f
f
i
c
u
l
t
y
 
i
n
d
e
x
 
r
e
f
e
r
s
 
t
o
 
t
h
e
 
c
o
m
p
u
t
e
d
 
p
r
o
p
o
r
t
i
o
n
 
c
o
r
r
e
c
t
 
d
i
f
f
i
c
u
l
t
y
 
i
n
d
e
x
 
f
o
r

e
a
c
h
 
c
o
u
n
t
r
y
.

<
.
0
5
.
 
*
*
p
 
<

.
0
1
.
 
*
*
*
p
 
<
 
.
0
0
1
.

34
33



Gender Differences 33

Table 4
Adjusted Mean Scores by Cognitive Demand for United States and

Spain (Impact Index)

Cognitive demand
Knowing/Procedures Reasoning/Problem Solving

(N = 89) (N = 35)
International difficulty index
United States

SE
-.07
.07

-.38**

-.35**
.11

-.17
Spain

SE .09 .13

Country difficulty index
United States

-.05 -.29
SE .07 .18

Spain
-.23* .03

SE .10 .15

Note. Scores are adjusted least square means. Girls are more
likely to succeed on items with positive values on the Impact
Index while boys are more likely to succeed when these values
are negative. The asterisk indicates mean gender differences
that are significantly different from 0. The country difficulty
index refers to the computed proportion correct difficulty index
for each country.
* p < .05. **p < .01. *IT < .0001
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Table 5
Number of Mathematics Items that Statistically Favored Boys and

Girls in the United States and Spain (Impact Index)

Content

United States Spain

Boys Girls Boys Girls

Fractions/Number Sense 41 10 4 6 3

Algebra 22 1. 4 3 2

Measurement 13 4 0 6 0

Geometry 22 3 1 4 1

Data Representation 18 1 2 4 2

Proportions 8 2 1 3 0

Total 124 21 12 26 8

Cognitive Demand

Knowing/Procedures 89 14 9 22 5

Problem Solving 35 7 3 4 3

Total 124 21 12 26 8

Note: Calculations were based on Impact. Values were
statistically significant at p < .05.
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Table 6
Analysis of Variance Summary for Spain (Impact Index)

Gender Differences 35

Source of
variation SS df F R

International difficulty index
Item difficulty (D) 2.540 1 5.92 .0168
Content category (A) 4.978 5 2.32 .0488
Cognitive demand (B) 0.511 1 1.19 .2779
D x A 2.419 5 1.13 .3511
D x B 1.878 1 4.37 .0390
A x B 0.809 5 0.38 .8636
D x A x B 1.168 5 0.95 .7426

Error 42.932 100

Spain difficulty index
Item difficulty (D) 7.173 1 18.65 .0001
Content category (A) 4.022 5 2.09 .0726
Cognitive demand (B) 0.566 1 1.47 .2281
D x A 3.338 5 1.74 .1333
D x B 2.064 1 5.37 .0226
A x B 0.710 5 .37 .8687
DxAxB 0.896 5 .47 .8007

Error 38.464 100
Note. Sequential sums of squares (Type I SS) are reported here. For the international difficulty
index and the Spanish difficulty index, the r2 was .25 and .33, respectively.
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Table 7
Correlation Between Gender Differences and Difficulty Within
Cognitive Demand for the United States and Spain (Impact)

Cognitive demand
Knowing/Procedures Reasoning/Problem Solving

(N = 89) (N = 35)
International difficulty index
United States

Spain

Country difficulty index
United States

Spain

-.22* -.43**

-.29** .04

.39**** .58***

.45**** .03

Note. A negative correlation between gender differences and
international difficulty within cognitive demand indicates that
boys perform better on more difficult items. A positive
correlation between gender differences and the derived country
difficulty index within cognitive demand indicates that boys
perform better on more difficult items. The country difficulty
index refers to the computed proportion correct difficulty index
for each country.
*2 < .05. **p < .01. ***p < .001. ****2 < .0001.
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Table 8
Analysis of Variance Summary for United States (DIF Index)

Source of
variation SS df p

International difficulty index
Item difficulty (D) 1.355 1 3.34 .0704
Content category (A) 6.048 5 2.99 .0149
Cognitive demand (B) 0.865 1 2.14 .1470
D x A 5.033 5 2.48 .0364
D x B 0.137 1 0.34 .5625
A x B 1.054 5 0.52 .7605
DxAxB 1.409 5 0.70 .6280

Error 56.414 100

USA difficulty index
Item difficulty (D) 5.305 1 13.39 .0004
Content category (A) 4.750 5 2.40 .0425
Cognitive demand (B) 0.645 1 1.63 .2049
D x A 3.370 5 1.70 .1412
D x B 0.153 1 0.39 .5358
A x B 1.228 5 0.62 .6849
D x A x B 1.346 5 0.68 .6399

Error 39.616 100
Note. Sequential sums of squares (Type I SS) are reported here. For the international difficulty
index and the United States difficulty index, the r2 was .28 and .30, respectively.
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Table 11
Adjusted Mean Scores by Cognitive Demand for United States and

Spain (DIF Index)

Cognitive demand
Knowing/Procedures Reasoning/Problem Solving

(N = 89) (N = 35)

International difficulty index
United States

M .01 -.31*
SE .09 .13

Spain
-.21* .04

SE .11 .16

Country difficulty index
United States

.03 -.40
SE .09 .22

Spain
-.23* .03

SE .10 .15

Note. Scores are adjusted least square means. Girls are more
likely to succeed on items with positive values on the DIF Index
while boys are more likely to succeed when these values are
negative. The asterisk indicates mean gender differences that
are significantly different from 0.The country difficulty index
refers to the computed proportion correct difficulty index for
each country.
*p < .05.
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Table 12
Number of Mathematics Items that Statistically Favored Boys and

Girls in the United States and Spain (DIF)

Content

United States Spain

Boys Girls Boys Girls

Fractions/Number Sense 41 10 7 4 5

Algebra 22 1 5 2 3

Measurement 13 3 1 5 0

Geometry 22 2 4 2 2

Data Representation 18 0 2 2 3

Proportions 8 1 1 1 1

Total 124 17 20 16 14

Cognitive Demand

Knowing/Procedures 89 13 17 15 11

Problem Solving 35 4 3 1 3

Total 124 17 20 16 14

Note: Calculations were based on DIF. Values were
statistically significant at p < .05.
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Table 13
Analysis of Variance Summary for Spain (DIF Index)

Source of
variation SS df p

International difficulty index
Item difficulty (D) 2.021 1 3.51 .0639
Content category (A) 7.152 5 2.49 .0364
Cognitive demand (B) 0.636 1 1.10 .2959
D x A 3.156 5 1.10 .3671
D x B 1.672 1 2.91 .0914
A x B 1.211 5 0.42 .8333
DxAxB 1.651 5 0.57 .7200

Error 57.551 100

Spain difficulty index
Item difficulty (D) 7.340 1 14.08 .0003
Content category (A) 5.988 5 2.30 .0508
Cognitive demand (B) 0.705 1 1.35 .2477
D x A 4.360 5 1.67 .1482
D x B 2.215 1 4.25 .0419
A x B 1.003 5 0.38 .8583
DxAxB 1.294 5 0.50 .7785

Error 52.146 100
Note. Sequential sums of squares (Type I SS) are reported here. For the international difficulty
index and the Spanish difficulty index, the r2 was .23 and .31, respectively.
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Table 14
Correlation Between Gender Differences and Difficulty Within

Cognitive Demand for the United States and Spain (DIF)

Cognitive demand
Knowing/Procedures Reasoning/Problem Solving

(N = 89) (N = 35)
International difficulty index
United States

Spain

Country difficulty index
United States

Spain

-.11 -.29

-.23* .04

. 09 .22

. 39** -.02
Note. A negative correlation between gender differences and
international difficulty within cognitive demand indicates that
boys perform better on more difficult items. A positive
correlation between gender differences and the derived country
difficulty index within cognitive demand indicates that boys
perform better on more difficult items. The country difficulty
index refers to the computed proportion correct difficulty index
for each country.
*p_< .05. **R < .001.
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