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Abstract

The purpose of this study was to determine patterns of gender and ethnic differences in

science and mathematics achievement of fifth graders taking into account student ability,

item response format, and strands of learning outcomes. In mathematics, there were no

gender differences, but there were ethnic differences that varied across ability levels and

item response formats. In science, there were gender differences. They did not depend on

ethnicity, but did vary across response formats, ability levels, and strands of learning

outcomes. At the high ability level, boys did better than girls on the open-ended format in

physical sciences, but no gender differences were found in other science areas (nature of

science, earth and space sciences, and life sciences). There were no gender differences in

science achievement for the low and medium ability students. Regardless of gender, the

largest gap between the achievement of the low, medium, and high ability students was

on the open-ended format in physical sciences.
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Mathematics and Science Achievement Profiles by

Gender, Race, Ability, and Type of Item Response

Issues of gender differences in science have received serious attention in the research in

science education for the last two decades. Boys and girls have been compared on variables such

as achievement, attitude, motivation, interest, and performance behaviors (e. g., Erickson &

Erickson, 1984; Simpson & Oliver, 1985; Eccles & Blumenfield, 1985; Kahle et al., 1993;

Greenfield, 1997; Morrell & Lederman, 1998; Jovanovich & King, 1998). Regarding gender

differences in science achievement, the need for more detailed analysis is indicated in many

previous studies (e. g., Erickson & Erickson 1984; Walford, 1980; Murphy, 1982; Saner et al.,

1994; De Mars, 1998). It should be noted that most previous results about gender differences in

science achievement are based on multiple-choice items and need to be revised in the light of the

increased use of both multiple-choice and open-ended questions in many national and statewide

assessment programs. The same is true for previous studies on gender and ethnic differences in

mathematics achievement (e. g., Doolitle & Clearly, 1987; Cooper & Don, 1995). For both

science and mathematics, very little is known about differential effects of student related factors

(e.g., ethnicity, science ability) and test related factors (e. g., item format, learning outcomes) on

gender differences in science achievement. When such effects are not taken into account, the

results related to gender differences are of little value, if not misleading.

Purpose

The purpose of this study was to determine patterns of gender and ethnic differences in

mathematics and science achievement across response formats and strands of learning outcomes,

taking into account the role of student ability. Based on the results from a proficiency test for

grade five, patterns of gender and ethnic differences were studied across two response formats

(multiple-choice, open-ended) and three ability levels (low, medium, high). Mathematics ability

and science ability are two different latent traits underlying the student performance on the
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mathematics and science part, respectively, of the proficiency test used in this study. Using an

appropriate item response theory model, the student ability scores in mathematics and science

were determined from the responses on all items, including partial credit scores on open-ended

items, of the mathematics and science proficiency tests. This provides more reliable estimation of

the student ability compared to previous studies on gender differences in math and science using

only multiple-choice scores to control for student ability level (e.g., De Mars, 1998).

Method

Sub'ects

The subjects for this study were 2551 fifth graders for a large urban area in North-East Ohio.

Gender and ethnicity information was available for 2414students: 917 Caucasians (437 females,

480 males), 1167 African-American (588 females, 579 males), and 330 Hispanic (151 females,

179 males). It is expected that fifth grade is representative for a summative experience in science

and mathematics education at the elementary school level.

Instrument

The Ohio Off-Grade Proficiency Test (00IYT) for grade five was used (Riverside Publishing,

1995). The mathematics part (OOPT-M) includes 30 multiple-choice and 10 open-ended items.

The science part (OOPT-S) includes 32 multiple-choice and 10 open-ended items. The science

test items are grouped by the publisher into four strands of learning outcomes: (a) Nature of

Science, (b) Physical ScienCes, (c) Earth and Space Sciences, and (d) Life Science. In this study,

these strands were taken into account because previous research reported that boys outperform

girls in Physics and not in other science areas. For this sample, the reliability of the mathematics

(a = .83) and science (a = .82) test was adequate for group comparisons. The Pearson correlation

between the multiple-choice and open-ended sections of the OOPT-M and OOPT-S was .70 and

.50, respectively. This indicates that, in both OOPT-M and OOPT-S, the multiple-choice and

open-ended items measure somewhat similar, but different in complexity and depth, constructs.
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Procedures

In item response theory, the term "ability" connotes a latent trait that underlies the student's

performance on a test (see, e. g., Hambleton et al., 1991, p. 77). The ability score of any student

determines the probability for this student to answer correctly any test item. The units of the

ability scale, called "logits", represent natural logarithms of odds ratios for success on the test

items. In this study, the ability scores were calculated using the program PARSCALE which

takes into account the partial credit scores of the students on the constructed-response items

(Muraki & Bock, 1996; Muraki, 1992). Students with ability scores in the lower 27% were

assigned to the low ability group, those with ability scores in the upper 27%, to the high ability

group, and all other students, to the medium ability group. This procedure was chosen because

the ability scores of all 2551 students were normally distributed on both OOPT-M and 00VT-S

(Kelley, 1939). Multivariate analysis of variance (MANOVA) procedures were used with three

between-subjects factors (Gender, Ethnicity, Ability) and a within-subject factors Format

(multiple-choice, open-ended). The within-subject factor Strand (nature of science, physical

sciences, earth and space sciences, life sciences) was used only for the 007T-S. For each

response format and strand of learning outcomes, the average scores of the students were

presented on a common T-scale (M = 50, SD = 10).

Results

Mathematics

The MANOVA results for the OOPT-M showed no significant interactions between gender and

the other factors: Gender x Race (A = .997, F(4, 4790) = 1.85, p = .115), Gender x Ability (A =

.999, F(4, 4790) = 0.69, p = .60), and Gender x Race x Ability (A = .996, F(8, 4790) = 0.99, p =

.26). For this reason, the differences between boys and girls across multiple-choice and open-

ended response formats were studied regardless of ethnicity and ability level of the students. The

results showed no significant gender effect (A = .998, F(2, 2473) = 2.72, p = .066). On the other

6



4

side, the interaction Race x Ability was significant (A = .986, F(8, 4790) = 4.17, p < .0001). That

is why, the ethnic differences across the response formats were studied separately for the low,

medium, and high ability students. The descriptive statistics (on a T-scale) are given in Table 1.

For the low ability students, the achievement profiles are given in Figure 1. There were

no significant differences between the ethnic groups (A = .986, F(4, 1304) = 2.30, p = .057).

For the medium ability students, the achievement profiles are given in Figure 2. There

were significant differences between the ethnic groups (A = .984, F(4, 2236) = 4.40, p = .002).

More specifically, there were differences on the multiple-choice items (F(2, 1119) = 8.68, p <

.0001) where Caucasians outperformed African Americans (p = .002) and Hispanics (p = .001),

but there was no difference between African Americans and Hispanics ( p = .582). There were

no differences between the ethnic groups on the open-ended items (F(2, 1119) = 0.65, p = .524).

For the high ability students, the achievement profiles are given in Figure 3. There were

significant differences between the ethnic groups (A = .959, F(4, 1264) = 6.63, p < .0001) on

both the multiple-choice (F(2, 633) = 8.74, p < .0001) and open-ended (F(2, 633) = 7.26, p =

.001) items. On the multiple-choice items, Caucasians performed better than African American

(p < .0001) and Hispanics (p = .030), but there was no difference between African Americans

and Hispanics (p = .961). On the open-ended items, Caucasians performed better than African

Americans (p < .0001), but there were no other significant differences between the ethnic groups.

Science

The results from MANOVA showed a significant gender effect (F(3, 2394) = 12.91, p < .01), but

no significant interaction between gender and ethnicity (F(8, 4786) = 1.605, p = .118). That is

why, gender differences were analyzed regardless of ethnicity. Also, the significance of the

interaction Gender x Format x Ability (F(4, 4938) = 2.752, p < .05) shows that the difference

between boys and girls in science achievement depends on response formats and ability levels.

For this reason, patterns of gender differences across the multiple-choice and open-ended items
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of the strands of learning outcomes were studied separately for the low, medium, and high ability

students. For each ability level, MANOVA was conducted for the significance test of differences

between boys and girls across eight combinations of two response formats and four strands of

learning outcomes. The omnibus MANOVA tests showed no significant gender differences for

the low (F(8, 654) = 1.818, p = .075) and medium (F(8, 1131) = 1.447, p = .173) ability students.

Significant gender differences were found for the high ability students (F(8, 664) = 2.003, p <

.05). For this reason, the achievement profiles of the high ability students are given separately for

boys and girls, whereas those for the low and medium ability students are combined for boys and

girls (see Figure 4). The MANOVA tests of between-subjects effects for the high ability students

showed that the difference between boys an girls was statistically significant only for the open-

ended format in physical sciences (F(1, 671) = 8.671, p < .01). The descriptive statistics for the

achievement profiles in Figure 4 are given in Table 2.

Discussion and Implications

The results from this study showed that gender did not play a significant role in the

mathematics performance of fifth-graders on the Ohio Off-Grade Proficiency Test. This finding

is consistent with those reported in previous studies related to gender differences in mathematics

(e. g., Lewis & Hoover, 1986; De Mars, 1998; O'Neil & Brown, 1998). Statistically significant

differences were found in the mathematics performance of Caucasian, African American, and

Hispanic students. However, the differences between the three ethnic groups across the low,

medium, and high ability level did not consistently favor one group over others. Also, the Wilk's

lambda (A) in the MANOVA tests for ethnic differences on the OOPT-M varied from .984 to

.959 which indicates small effect size in these differences.

The comparison of Caucasian and Hispanic students supports the results of O'Neil and

Brown (1998) indicating that, for eight-graders from California schools, Caucasians performed

better than Hispanics on the multiple-choice items, but there was no difference between these
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two ethnic groups on the open-ended items. The results also showed that Caucasians did not

consistently outperform African Americans in mathematics. For example, the low and medium

ability students from these two ethnic groups did not differ on the open-ended items. The third

comparison, between African Americans and Hispanics, also varied across ability levels. High

ability Hispanics did better than high ability African Americans, but there were no differences

between these two ethnic groups at the low and medium ability levels.

Although the OOPT-M multiple-choice and open-ended items measure positively

correlated characteristics of students math ability, the results show that the response formats have

differential effect on student performance. It seems that the low and high ability Hispanics were

most affected by the response format in their math achievement. They performed better on the

open-ended than on the multiple-choice items. This suggests that (a) the math performance of the

Hispanic students was not negatively influenced by their level of proficiency with the English

language, and (b) Hispanic students may need help improving their response strategies on the

multiple-choice items.

In science, there were gender differences and they did not depend on ethnicity. However,

item response formats, ability level, and strands of learning outcomes have differential effects on

student performance. There were no gender differences for the low and medium ability sxudents,

regardless of response formats and strands of learning outcomes. For the high ability students,

boys outperformed girls on the open-ended format for physical sciences and there were no other

significant gender differences. The examination of Figure 4 shows that the high ability girls

performed almost equally well on the multiple-choice and open-ended items. High ability boys,

however, performed better on open-ended than on multiple-choice items, especially in physical

sciences. Regardless of gender, the open-ended items in physical sciences were the easiest strand

for the high ability students and the most difficult one for the low and medium ability students.

For the multiple-choice items, the achievement profiles of the students from all ability levels
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were very close and stable across the four strands of learning outcomes. It should be noted that

interaction effects of response formats and ability levels can not be appropriately identified

when the partial credit scores on the open-ended items are not taken into account in determining

ability scores.

Previous studies also reported that boys do better than girls in the physical sciences and

the gender differences are not substantial in other subject areas (e. g., Erickson & Erickson, 1984;

NAEP, 1979), but they do not take into account differential effects of ability levels and response

formats. According to the sociological interpretation of some authors, the advantage of boys in

physical sciences is mostly due to their (a) previous experience from hobbies and games, and (b)

greater motivation, interest, and positive attitude toward science fostered by sex-typed beliefs

that science is still a male domain (see, e. g., Erickson & Erickson, 1984; Johnson, 1987; Kelly,

1988; Erickson & Farkas, 1991; Jovanovich & King, 1998).

One general explanation of the differential effect of item response formats comes from

previous research indicating that students employ different lines of reasoning in dealing with

multiple-choice and open-ended questions (e. g., Frederiksen, 1994; O'Neil & Brown, 1998).

Further development of this explanation is needed because, as indicated by the results in this

study, the differential effect of response formats may vary across ability levels and strands of

learning outcomes. This, along with factors such as test content and age differences, may explain

discrepancies between the findings in this study and those reported by DeMars (1998), for eight

graders, that boys outperform girls on the multiple-choice items and girls do as well as or better

than boys on the constructed- response items (p. 292).

Knowledge about the patterns of gender differences revealed in this study is important for

informed teaching strategies and decisions related to the science education of fifth graders. The

results support implications from previous research about the necessity of diagnostic assessment

and treatment (e. g., hands-on science lessons) that can compensate for disparities in boys' and
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girls' science-related experiences outside of school (e. g., Erickson & Erickson, 1984; Kahle et

al.,1993; Greenfield, 1997; Jovanovich & King, 1998). Particular attention must be attributed to

research, activity, and intervention in science education that may contribute to reducing the gaps

in open-ended physics questions between the low, medium, and high ability students.

In conclusion, regarding both mathematics and science, the results in this study provide

evidence against the generality of perceptions such as (a) students perform lower on open-ended

items, (b) multiple-choice items capture lower level skills, or (c) boys do better than girls in math

and science. Awareness of the differential effects of factors such as gender, ability, item response

format, and learning outcomes on student achievement is a valuable source for mathematics and

science teachers who want their instruction to be effective and responsive to proficiency testing.
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Table 1

OOPT-M Descriptive Statistics bv Ability. Ethnicity, and Response Format

Ability Level

Low Medium High

Ethnic group: C AA H C AA H C AA H

Response Format

Multiple-Choice

M 39.77 39.86 38.34 50.82 49.38 48.78 61.65 59.61 59.20

SD 6.21 5.70 5.25 6.70 5.99 5.61 6.39 6.34 7.17

n 196 343 117 411 567 144 310 257 69

Open-Ended

M 40.99 41.33 41.51 48.33 48.62 48.64 62.12 60.09 61.72

SD 2.55 2.75 2.65 4.15 4.23 4.36 6.63 5.96 6.95

n 196 343 117 411 567 144 310 257 69

Note. C = Caucasians, AA = African American, H = Hispanic. All scores are presented on a

common T-scale (M = 50, SD = 10).
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Table 2
OOPT-S Descriptive Statistics for High Ability Boys, High Ability Girls, Medium Ability (Boys
and Girls), and Low Ability (Boys and Girls)

Ability Level

High Medium Low
(Boys and Girls) (Boys and Girls)

Format

Strand

Boys

(11 = 372)

Girls

(ji = 301) n = 1140 n = 663

M SD M SD M SD M SD

Multiple-Choice

Physics 54.68 1.75 54.48 1.78 53.45 1.66 52.40 1.54

NS 55.23 1.62 55.12 1.62 53.89 1.38 52.83 1.31

E & S 54.86 1.51 54.92 1.50 53.87 1.55 52.58 1.30

LS 54.94 2.36 55.24 2.07 54.08 2.42 52.70 2.15

Open-Ended

Physics 62.08 9.09 59.98 9.28 47.95 6.76 42.34 4.02

NS 57.36 4.88 57.18 4.99 53.52 3.87 51.06 2.20

E & S 53.71 3.99 53.73 4.22 51.26 2.07 50.47 1.22

LS 55.87 12.07 55.86 11.16 49.25 9.15 45.45 5.82

Note. NS = Nature of Science; E & S = Earth and Space Sciences; LS = Life Sciences. All scores

are represented on a common T-scale (M= 50, SD = 10).
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