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Abstract

Throughout the early elementary years, boys and girls do not vary much in ability or interest in mathematics and science.  However, by the time the students attend junior high school, girls’ confidence in mathematics and science abilities decrease relative to boys’ confidence.  In order to affect the pattern of gender differences concerning mathematics, science, and engineering, two outreach camps were developed.  Twenty-eight rising fifth grade through seventh grade girls participated in these camps.  The girls’ mathematical skills and attitudes were measured with pretests and posttests. Students’ mathematical definition skills improved by 14.6% but there were no significant changes in mathematical process skills or attitudes.  
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Introduction

In the early elementary years, boys and girls do not vary significantly in confidence or interest in mathematics and science.  Nor do they vary significantly in ability in these two areas.  However, as boys and girls progress through the elementary school curriculum, changes begin to occur.  Mathematics and science gender differences in confidence and interest in mathematics and science begin to appear in the upper elementary grades.  By the junior high years, confidence in mathematics/science ability differs significantly between girls and boys (American Association of University Women [AAUW], 1994).  These differential confidence levels appear despite minimal actual differences in mathematics and science ability among elementary and middle school-age boys and girls (Orenstein, 1994).

By the end of high school, females’ aspirations to science and engineering are markedly less than males’ aspirations: male high school seniors are three times more likely than girls to choose a career in science, engineering and mathematics (National Science Foundation [NSF], 1994). Once in college, however, both migrate out of science and engineering programs at relatively equal rates (Leslie, McClure & Oaxaca, 1998).

In spite of years of efforts to increase the number of women and minority members in science, mathematics, and engineering, they remain significantly underrepresented (NSF, 1994).  Leslie et al., (1998) suggested three primary reasons for this: a) lack of self-confidence or self-efficacy, b) negative peer influence, and c) lack of commitment.  Similarly, Ambrose, Dunkle, Lazarus, Nair and Harkus (1997) proposed two essential components for the choice of a science or engineering career: a) passion for the work, and b) belief in one's self-efficacy.  Additionally, there is some evidence that sociocultural factors, such as a father’s involvement in engineering, are related to career choice in engineering (Ambrose et al., 1997).  Furthermore, many women are attracted to careers in which they believe they can perform a service or otherwise can be useful to society (Rosser, 1990).   Finally, the way science is taught may discourage young people, especially women, from entering the field (Hubbard, 1990; National Research Council, 1997; Tobias, 1992).


Attitudes toward careers are related to self-efficacy, or belief in one's ability to perform (Bandura, 1986, 1997; Betz & Hackett, 1981, 1983). Self-efficacy, in turn, has been used to explain why high school girls' mathematics and science confidence levels do not match their achievement levels (Leslie et al., 1998). Dawes, Horan, and Hackett (2000), for example, found that gender differences in self-efficacy were mediated by gender differences in efficacy building experience. Similarly, differences in self-efficacy have been related to differences between boys' and girls' attitudes toward science and mathematics (Dawes et al., 2000).  


In addition, gender differences in attitudes toward science and mathematics are correlated with gender differences in perceived utility of science and mathematics as subjects of study (Betz & Hackett, 1983).  These attitude differences may, in turn, be reflected in career and course-taking choices in high school. Courses completed in high school clearly limit future mathematics, science and engineering career success; the number of high-school mathematics courses, for example, is a strong predictor of persistence in science and engineering (Astin, 1993). Similarly, Muller, Stage, and Kinzie (2001) determined that the quantity of science courses completed was the only consistent predictor of science growth rates for all gender and ethnic subgroups in their longitudinal study.


Although much of the literature is anecdotal, there have been a few quantitative studies on the effects of short-term interventions designed to decrease the gender and ethnicity gaps in mathematics and science (Blaisdell & Cosgrove, 1996; McCullough, 2002). For example, Nicoletti and Schachterle (2000) reported substantial increases in self-esteem among seventh-grade girls after a two-week residential camp in which they focused on course selections related to engineering.   In contrast, Dawes et al. (2000) report no treatment effects for a seven-week program in which they attempted to change self-efficacy among middle school students.  Richardson, Hammrich, and Livingston (2003) report quantitative results that show strong gains in achievement, but modest gains in attitudes for students who participated in the Sisters in Science program.  However, the effects of the summer camp were not disaggregated from the other components of the multidimensional intervention that targeted fourth and fifth grade girls.  Clearly, additional programs need to be developed, and evaluated, before advances in eliminating or preventing gender differences can be made. 


In order to affect the pattern of gender differences concerning science and mathematics, three of the authors (HM, JB, & LH) developed a summer enrichment program for students in grades four through six.  The goals of the outreach program were to (1) assess the impact of each type of camp on young girls’ future interest and success in mathematics, science, and engineering; (2) enable children from low income neighborhoods to experience success in a unique scientific endeavor, and be connected with tiered mentoring in the community; (3) develop elementary and middle school course modules in which technology is integrated in the classroom, and; (4) establish an annual camp for youth in which active participation is encouraged and success in mathematics, science, and engineering is fostered. The data we present in this paper are related to goal one.

Method

Participants


Our sample consisted of 28 rising fifth- through seventh-grade girls who participated in the summer camp portion of the outreach program described below. Nine of the campers attended TECH and 19 of the campers attended MESSAGE. The girls were chosen from Title I Bibb County Public Elementary Schools in the Central South Neighborhood.  According to the 1990 census, 8,744 people live in Central South within the city of Macon (population = 106,612). The population of the Central South neighborhood is predominately minority. The median household income and educational attainment of the people living in the neighborhood is low.
Outreach Program


The outreach program included two ten-day mathematics, science, and engineering summer camps held in June of 2001. The Mercer MESSAGE (Mathematics Engineering Science Summer All Girl Experience) camp was offered to rising fifth- and sixth-grade girls and focused on science and mathematics skills; 21 girls attended MESSAGE. The Mercer TECH camp (Teachers Educating with Computers and Hands-on-Lessons) was offered to rising sixth- and seventh-grade boys and girls as well as some of their teachers and focused on engineering, mathematics and technology skills; 9 girls and 11 boys attended TECH. Only the TECH girls' data are analyzed in this report. 


Each camp was held from 9 a.m. until 5 p.m. The program has a tiered mentoring component; each group of four campers had one college student mentor and one high school student mentor. Four female and two male high school mentors were chosen for their interest and aptitude in science, mathematics, and engineering. The high school students attend public schools in the Central South neighborhood. One male and five female college student mentors were chosen from the Mercer University School of Engineering and the College of Liberal Arts. The college mentors were chosen for their interest and aptitude in science, as well as their experience in tutoring elementary school children from the Central South neighborhood. The outreach program also included three academically focused reunions spaced throughout the following school year. The reunions provided continued mentoring, follow-up of campers’ progress in school, and an introduction of additional curricular ideas to participating teachers. 

Measurements


The primary measure was a multiple choice mathematics test, on which questions addressed both mathematical process and mathematical definitions. The 13 mathematical process questions required students to employ problem-solving procedures. The 7 mathematical definition questions required students to identify a mathematical object or concept by its name.


The secondary instrument was a 28-item attitude survey adapted from a 19-item mathematics attitude survey used by Stutts (personal communication, 1999) in Colombia College's Mathematics is Women's Work summer outreach program. The adapted survey (see Table 1 in Results) included items concerning mathematics, science, and engineering. The survey also included some short answer questions, but these are not addressed in this report. Both measures were administered on the first day of camp and again on the last day of camp.

Results

Primary Instrument

Proportions of correctly completed mathematics test items were analyzed with a 2 (Item Type: process v. definition) X 2 (Time: pretest v. posttest) X 2 (Camp: Message v.  Tech) ANOVA in which Item Type and Time were within-subjects variables.  There was a main effect for Time, F (1, 26) = 14.97, p < .001,  2 = .365, in which posttest scores (M = .734) were higher than pretest scores (M = .691).  The campers did improve their mathematics skills, but the main effect was superceded by an Item Type X Time interaction, F (1, 26) = 5.57, p = .026, 2 = .176.  Process items increased (Pretest  = .667, Posttest  = .716), but not significantly, F (1, 26) = 3.06, p = .092, 2 = .105.  Definition items, in contrast, did increase significantly (Pretest = .606, Posttest = .752), F (1, 26) = 15.35, p < .001, 2 = .363.

Secondary Instrument

Prior to analysis, negatively worded attitude items were recoded such that, for all items, higher ratings were consistent with positive outcomes (e.g., more interested in mathematics, less nervous about mathematics, etc.). The items were then analyzed with a 28 (Item) X 2 (Time) X 2 (Camp) ANOVA in which Item and Time were within-subjects variables.  There was a main effect for Item, F (27, 594) = 3.7, p < .001, 2 = .144; as one would expect, participants agreed with some statements significantly more than others.  The Time main effect was not significant, F (1, 22) = .03, p = .865, 2 = .001; there was no overall increase in the favorableness of attitudes.  There was, however, a significant Item X Camp interaction, F (27, 594) = 1.91, p = .004, 2 = .08.  To further explore this interaction, mean attitude scores (pre- and posttest combined) were calculated and simple comparisons between camps were completed for each item; the results are displayed in Table 1.  As is evident, the interaction obtained from a few items on which Message campers indicated more positive attitudes than Tech campers.  No other effects were significant.

Discussion

Despite the short-term nature of the intervention, students’ mathematics skills did improve.  That improvement was obtained only for definition, as opposed to process items, is consistent with the notion that basic skills must improve before more advanced, or even intermediate, skills may improve.

Consistent with Dawes et al. (2000), there were no significant changes in attitudes during the two-week experience.  Although the goal of the program is to affect long-term attitudes, there is no evidence of short-term change. One reason for this could be the sleeper effect (e.g., Gruder et al., 1978), in which information produces a delayed, rather than immediate, attitude change.   Related to the sleeper effect, it may be that attitude changes will not occur until the campers perceive the benefits of their increased mathematics skills upon returning to the regular classroom.  Follow-up measures would need to be employed to test this hypothesis.

Thus, despite the fact that mathematical skills improved demonstrably, there was no evidence of attitude changes.   If attitude change is related to changes in self-efficacy (e.g., Bandura, 1986, 1997; Betz & Hackett, 1981, 1983), then it would appear from our data that self-efficacy changes may be preliminary to, or perhaps coexistent with, attitude change.  Studies in which long-term follow-up surveys are completed would be required in order to determine the extent to which one should expect changes in self-efficacy and attitudes as a result of short-term interventions, even when those interventions produce changes in skills.

Limitations


The limitations of this research include research design, instrumentation, and generalizability. The design would have been strengthened if a comparison group were developed and if follow up surveys were conducted on TECH and MESSAGE participants.  Although the program designers (LH, JB, and HM) intended to pursue the development of a comparison group using applicants who were not accepted to the program, political considerations made it impossible to collect data through the public school system. With respect to the attitudes instrument, psychometric properties for the original instrument or the modified version have not been established. Although the instrument has face validity, its reliability is unknown.  Finally, the specific nature of this intervention, including unique programming and small number of participants limits its generalizability to other programs. 
Nevertheless, the work serves as a starting point for those interested in quantitative assessment of the overall efficacy of short-term interventions designed to increase the participation of women and minorities in science, math and engineering professions. More specifically, this work, along with other efforts to quantify the effect of short term summer programs on girls’ attitudes toward science, math, and engineering (e.g. House et al. , 2003), can aid future developers as they seek to design effective outreach programs for young girls. 
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Table 1.  Simple Main Effects for Camp on Attitude Items

	Attitude
	TECH  mean
	MESSAGE mean
	F
	p
	η2

	1 I enjoy school.
	3.56
	4.38
	5.07
	.033
	.158

	2 I think of myself as being smart.
	4.44
	4.88
	4.61
	.041
	.146

	3 I think that I am good at math.
	3.31
	4.17
	3.03
	.093
	.101

	4 I like to figure out how things work.
	3.31
	4.24
	4.28
	.048
	.137

	5 I am confident in my ability to become a good scientist.
	3.19
	3.81
	1.40
	.247
	.049

	6 I get nervous when having to work on a challenging science or math project. *
	4.12
	3.10
	3.97
	.056
	.128

	7 I find math interesting.
	3.19
	3.69
	0.70
	.411
	.025

	8 I think that a career in math might be a good choice for me.
	2.69
	2.81
	0.04
	.852
	.001

	9 I enjoy the challenge of a math problem.
	3.06
	3.95
	2.04
	.165
	.070

	10 I am somewhat afraid to ask teachers questions about math or science. *
	4.25
	3.93
	0.57
	.455
	.021

	11 I think that I am good at science.
	4.00
	4.10
	0.05
	.829
	.002

	12 I enjoy working with other students on projects.
	4.31
	4.40
	0.06
	.808
	.002

	13 I enjoy working with teachers on projects.
	3.88
	4.67
	4.77
	.038
	.150

	14 I think that a career in engineering might be a good choice for me.
	3.12
	2.93
	0.13
	.724
	.005

	15 Engineers make things that help people.
	4.56
	4.64
	0.14
	.713
	.005

	16 I participate in class by asking questions or giving answers.
	3.69
	4.38
	2.79
	.106
	.094

	17 I am somewhat afraid to get good grades because of what my friends might think or say. *
	4.75
	4.29
	1.19
	.285
	.042

	18 I am confident in my ability to become a good engineer.
	3.56
	3.05
	0.87
	.359
	.031

	19 I enjoy building things.
	3.75
	4.00
	0.22
	.643
	.008

	20 I enjoy planning projects.
	3.62
	4.26
	1.86
	.184
	.064

	21 Boys are better at technology than girls. *
	4.31
	4.29
	0.00
	.945
	.000

	22 I enjoy solving problems.
	3.56
	4.24
	1.62
	.214
	.057

	23 I am confident in my ability to become a good mathematician.
	2.81
	3.36
	0.85
	.365
	.031

	24 I think that I am good at technology.
	4.06
	4.02
	0.01
	.926
	.000

	25 I receive encouragement from my family to do well in math and science.
	4.19
	4.64
	1.30
	.265
	.046

	26 I think that a career in science might be a good choice for me.
	3.50
	3.74
	0.19
	.663
	.007

	27 Girls are better than boys at math.
	3.06
	3.89
	2.90
	.100
	.097

	28 Scientists discover things that help people.
	4.19
	4.57
	1.58
	.220
	.055

	
	
	
	
	
	


*  These items were reverse-scored.

Note: df = 1, 27 for all effects; higher means reflect more positive or desirable attitudes.

