
Informal Educational Opportunities: 
Key Intervention Strategies for Girls in Science Education and 

Careers That Can be Used on a Federal Level 
 
 
 
 

MPP Professional Paper 
 

In Partial Fulfillment of the Master of Public Policy Degree Requirements 
The Hubert H. Humphrey Institute of Public Affairs 

The University of Minnesota 
 

 
 
 
 
 
 
 
 
 

Laura J. Yerhot 
August 8, 2010 

 
 
 
 
 
 
 
 
 
 
 
 
 

Signature below of Paper Supervisor certifies successful completion of oral presentation and completion 
of final written version: 

 
______________________________________  ____________________ ___________________ 
Dr. Kaye Husbands Feeling, Paper Supervisor Date, oral presentation Date, paper completion 
 
___________________________ ___________________ 
Steve Kelley Date 
Signature of Second Committee Member,  
Certifying successful completion of professional paper 

 
 



 

 

Table of Contents 

1.  Policy Problem ............................................................................................................. 1 

2.  Methodology ............................................................................................................... 2 

3.  Background.................................................................................................................. 3 

3.1.  Value in Diversity Theory ................................................................................... 3 

3.2.  Women in Science: “Underrepresentation” and “Disparity” ............................... 7 

3.3.  The Psychology of Female S&E Learning and Influence on Attitude .................... 8 

3.3.1.  Women, Girls, and Knowledge ................................................................................13 

3.4.  Summary of Findings........................................................................................ 14 

4.  Educate to Innovate Campaign................................................................................... 15 

4.1.  Program Goals.................................................................................................. 16 

4.2.  Program Activities............................................................................................ 16 

4.3.  Analysis of Goal 3 in Relation to the Public Relations Partnership..................... 18 

5.  Case Program Descriptions......................................................................................... 19 

5.1.  Convent of the Visitation Academy FIRST® Robotics Program........................... 20 

5.1.1.  FIRST® National Background....................................................................................21 

5.1.2.  Success of FIRST® on Nationwide Participants ........................................................21 

5.1.3.  Success of Success of FIRST® on the Robettes Participants ....................................23 

5.1.4.  Key Intervention Strategies of the Robettes ...........................................................24 

5.1.5.  Hands‐On Activities..................................................................................................24 

i | P a g e  
 



5.1.6.  Team‐Approach to Projects .....................................................................................24 

5.1.7.  Mentors ...................................................................................................................25 

5.2.  STEPS Summer Camp for Girls .......................................................................... 26 

5.2.1.  Effects of STEPS Participation ..................................................................................27 

5.2.2.  Key Intervention Strategies of STEPS.......................................................................29 

5.2.3.  Camp Counselors/Mentors......................................................................................29 

5.2.4.  Hands‐On Activities..................................................................................................30 

5.2.5.  Relationship‐Building Between Girls .......................................................................31 

6.  Assessment of Key Intervention Strategies for Selected Programs ............................. 31 

6.1.  Identified Key Intervention Strategies .............................................................. 32 

6.1.1.  Hands‐On Experiences.............................................................................................32 

6.1.2.  Use of Mentors ........................................................................................................35 

6.1.3.  Team Approach to Projects .....................................................................................36 

6.1.4.  Relationship Building Between Girls........................................................................36 

6.2.  Additional Key Strategies for Success?.............................................................. 38 

6.2.1.  Project‐Based Learning ............................................................................................38 

6.2.2.  Girls‐Only Environments ..........................................................................................39 

7.  Criteria ....................................................................................................................... 41 

8.  Recommendations ..................................................................................................... 43 

8.1.  Design Programs that are Hands‐On in Nature ................................................. 44 

8.2.  Recruit and Train Mentors to Interact with Program Participants ..................... 45 

8.3.  Commission Study Regarding When Most Appropriate for All‐Female Mentors 46 

8.4.  Research Ability that Team‐Approaches have on S&E Participation.................. 48 

ii | P a g e  
 



8.5.  Encourage the Use of Project‐Based Learning Programs ................................... 49 

8.6.  Commission Study Regarding Validation of Single‐Gender vs. Co‐Ed Programs . 50 

8.7.  Limitations to All Recommendations ................................................................ 51 

9.  Current State of Women in the Workforce................................................................. 51 

9.1.  Advanced Degree Attainment for Women........................................................ 52 

9.2.  Women in the S&E Workforce.......................................................................... 53 

9.3.  The Need for Women in Science and Engineering Job Sectors........................... 55 

10.  Conclusions on Success of the Program...................................................................... 57 

11.  Appendix 1 – Additional Educate to Innovate Initiatives ............................................ 59 

12.  Appendix 2 – STEPS Calendar of Events...................................................................... 63 

13.  Works Cited ............................................................................................................... 64 

 

Acknowledgements 

This paper has benefited greatly from the input of several people.  I wish to thank my 

committee chair, Kaye Husbands Fealing, for her consistent guidance, the many rounds of draft 

editing, and copious amounts of Kleenex.  Many thanks to my other committee member, Steve 

Kelley, for not only stepping into the role of committee member late in the process but also for 

his keen insight, helpful advice, and introductions to the various case program directors.  Finally, 

I greatly appreciate the suggestions and support from my fellow Science, Technology, and 

Environmental Policy colleagues Roxanne Johnson and Michelle Vigen – this would never have 

been completed without you.   

 

iii | P a g e  
 



 

iv | P a g e  
 



1. Policy Problem 

Women and girls are not pursuing science and engineering (S&E) educations and careers 

in the same percentage distribution as their male counterparts.  In its Educate to Innovate 

campaign, the federal government identifies a lack of education and career opportunities as key 

reasons for gender disparities in S&E sciences.  However, policies aimed at increasing the 

number of skilled S&E workers must first address pipeline issues regarding from where those 

workers will come (Romer, 2000).  Without women and girls who are interested in pursuing 

S&E careers, increasing educational and career opportunities will not alone increase the number 

of female S&E workforce participants.  Early evidence indicates that girls and boys show equal 

interest in S&E but as they advance through the K-12 system there is a precipitous decline in 

female participation.  Instead of focusing on increasing S&E opportunities, policy interventions 

should instead focus on removing distortions in S&E fields that discourage female participation 

and instead positively influence female attitudes and perspectives on S&E activities.  Increased 

positive perceptions and motivation will minimize declining interest levels and the external 

negative influences are reduced.  This will allow for a “level playing field” for all students and 

allow women to make career decisions based on their true abilities and interests instead of 

external influences that cause doubts about abilities. 

Key intervention strategies can help to influence attitudes towards S&E education and 

careers.  In this paper, the prospective policy analysis will therefore examine two of Minnesota’s 

informal learning groups aimed at girls.  The primary focus of the analysis is to examine existing 

intervention strategies and criteria for success.  Successful intervention strategies will be 

indentified by interviews with program staff as to the feedback and results that they see from 

their programs and analysis of program evaluations.   These intervention strategies will be 
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examined against research to highlight what strategies could be implemented on the federal level 

to enable campaigns such as the Educate to Innovate campaign to influence girls to pursue S&E 

careers. 

2. Methodology 

This prospective policy analysis attempts to discover whether there are key intervention 

strategies that can be determined from reviewing two case programs in the Minneapolis-St. Paul 

metro area.  Such key intervention strategies are important because they will be able to provide 

program guidance to informal educational programs aimed at achieving more positive attitudes 

towards science and engineering for girls.  First, an analysis of the value of diversity, 

underrepresentation and disparity, and the psychology of female S&E learning, was conducted in 

order for the importance of women in the S&E industry to be understood.  This analysis was 

conducted through an extensive literature search that included a variety of disciplinary thought, 

specifically economics, business, psychology, sociology, education research, women’s studies, 

and mathematics.  The inclusion of many disciplines was done to ensure that all the various 

components relating to these topics were discussed.   

Next, interviews and site visits were conducted of the case programs to observe their 

intervention strategies in action along with discussions with faculty and program advisors.  These 

discussions helped to add clarification to the programs and the intervention strategies.  The 

programs were chosen for two reasons.  First, concise and competent evaluations of the programs 

have been completed that allows an analysis of the impact of these programs on program 

participants.  Second, the two programs targeted different age groups and fields of study.  These 

differences allow a broader analysis to be conducted and minimize the risk of selection bias 

entering into the discussion whereby similar findings would be found for two programs that were 
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similarly constructed.  The case programs provided four innovation strategies that they utilize 

and feel are key to the success of those programs. 

Third, an assessment of the current state of women in the S&E workforce was conducted 

in order to understand why such intervention programs are needed.  This was done through 

examination of federal job and educational data and a review of economic research regarding 

U.S. innovation viability.  Finally, an extensive literature search was conducted to support or 

refute the key intervention strategies identified by the programs.  This ensures that the strategies 

recommended by the case programs are in fact key intervention strategies that can be applied to 

other informal education opportunity programs.  In addition, two additional strategies were 

identified and analyzed based on their prominence in the literature.  This analysis led to the 

evaluation of the intervention strategies and, based on the results, intervention strategy 

recommendations for future programs. 

3. Background 

Key intervention strategies for girls are predicated on the assumptions that there is value 

in having a diverse gendered work force.  Further, campaigns such as Educate to Innovate 

assume that there is a disparity of women and girls pursuing S&E careers.  Assessment of 

diversity theory, disparity versus underrepresentation, and the psychology of female S&E 

learning will provide a foundation of understanding to then analyze the indentified intervention 

strategies. 

3.1. Value in Diversity Theory 

Many researchers assert that a diverse S&E workforce produces “better science” 

(Sonnert, 2006).  Building upon years of research and study (Bleier, 1979; Hubbard, 1979; 

Rosser, 1986), it is proposed that a gender-diverse work force will improve the quality of science 
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being conducted in the U.S.  Additionally, a diverse S&E workforce would increase the amount 

of topic choices thereby creating more varied hypotheses.  J. Clark Blickenstaff (2005) discusses 

the context that produced the notion that science was “masculine” and the results of such 

perceptions, namely fewer female scientists.  He hypothesizes that the social and political power 

associated with having only one kind of person (men) “doing” science results in only one kind of 

person asking questions and interpreting answers.  This then results in a narrowed field of 

scientific inquiry.  Having more diversity of scientist and engineers, especially women, would 

increase the range of the types of questions being asked and possibly have an impact on how 

analysis of scientific research is conducted. 

Inclusion of women increases the speed at which “blind spots” are scrutinized and 

eliminated, thus eliminating unquestioned preferences and prejudices that can be present in more 

homogenous communities (Sonnert, 2006).  Examples of “blind spots” due to lack of diversity 

can be seen in the results of products and engineering designs that were created solely from a 

male perspective, at times with negative results (Margolis & Fisher, 2002).  Such blind spots 

include early voice-recognition programs, which were calibrated for male voices.  Many women, 

because of the caliber of their voices, were unable to use such programs.  A similar phenomenon 

was seen with first-generation air bags.  The first designed airbags were tailored to male bodies, 

resulting in deaths of women due to this engineering error.  Such deaths have been attributed to 

“blind spot” design errors caused by a homogenous group of male engineers.  Instead, research 

suggests that if women had been involved in the research and design, the “blind spots” that were 

evident in such designs would not have occurred. 

“Blind spots” such as these and the research of those such as Blickenstaff has caused 

many to call for a balance of “male science” with an inclusion of women.  Increased 
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participation by women in biology has resulted in a broadening of topic choices and increased 

hypotheses (Sonnert, 2006).  Human gender stereotypes were at times misappropriated onto 

animals or biological systems (Bleier, 1979; Hubbard, 1979; Rosser, 1986).  Research by female 

biologists, i.e., Jane Goodall and Dian Fossey in primatology, allowed biology to progress 

beyond the perceived “male science” into one that is diverse and eliminated some of the 

misconceptions and prejudices that existed.  Similarly in the biological sciences, many early 

human research studies disallowed women because it was thought that female menstrual cycles 

would make the results of research invalid.  As more women entered the biological sciences, 

such perceptions changed and scientific research was able to progress to allow full participation 

by both genders allowing for more complete research results to be achieved.  One could 

hypothesize that such changes would have occurred as time progressed and male scientists 

continued studying and experimenting within the various disciplines.  However, the above 

examples show how diversity of gender and thought during the early stages of scientific inquiry 

can correct or possibly prevent such misconceptions from forming in the first place. 

Diversity in general has been shown to produce positive outcomes.  Martin Weitzman 

(1992), in his seminal work On Diversity regarding ecological preservation, presents a theoretical 

framework for the need and importance of diversity.  He particularly notes that the “addition of 

any species to a group of species should increase diversity by at least the dissimilarity of that 

species from its closest relative.”1  Weitzman further asserts that, as a theory of diversity, objects 

have intrinsic value and/or utility such that there will be increasing returns when species are 

combined that would exceed the utility of the sum of the individual utility.  He expanded upon 

this work in Hybridizing Growth Theory in which he discusses the ways in which new ideas are 

                                                 
1 The implication here is not that women are a difference species than men or that they have a different cognitive 
ability.  Weitzman’s work is used to illustrate those diverse ideas and hypotheses, coming from different groups, can 
have positive innovation and technological influences. 
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born out of existing ideas that have not been previously combined (Weitzman, 1996).  He 

hypothesizes that new idea combinations could be worked into new ideas if the resources were 

there to develop such thoughts.  Further, the “path dependence” of new idea combinations not 

taken is significantly larger than those idea combinations that are followed.  The argument is that 

the combining of new ideas has the potential to overcome diminishing marginal returns, thereby 

increasing productivity and innovation in the workplace.  Weitzman’s theories applied to a 

gender diverse workforce would indicate that new ideas by both genders, and particularly 

including female ideas, has the potential to increase S&E productivity and innovation. 

Scott Page expands upon Weitzman’s theoretical frameworks of diversity in species ideas 

into a mathematical model called the Diversity Trumps Ability Theorem (Page, 2008).  He uses 

mathematical models to show the importance of diversity of ideas.  Page argues that a well-

functioning school, organization, or nation requires a collective ability to solve problems due to 

leveraging of individual differences.  The differences he refers to are differences in how people 

think and not specifically related to race, gender, or cultural differences.  The Diversity Trumps 

Ability Theorem is based upon the supposition that two people who see problems in different 

ways may better combine their knowledge to solve problems than if it were two people who 

thought about the problem in the same way.  The mathematical model argues that intelligent, 

diverse problem solvers outperformed teams composed just of those similar-thinking individuals.   

Expanding on the value of diversity are findings that support the need for increased 

gender diversity in the workplace.  One sociological study reviewed the National Organizations 

Survey (Herring, 2009).2  The results found that diversity in the workplace leads to increased 

                                                 
2 The study tested four hypotheses relating to gender: 1) As gender workforce diversity increases, a business 
organization’s sales revenues will increase, 2) as gender workforce diversity increases, a business organization’s 
number of customers will increase, 3) as gender workforce diversity increases, a business organization’s market 
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sales revenue, more customers, greater market share, and greater relative profit.  Businesses that 

had high levels of racial and gender diversity among employees (greater than 60%) reported 

higher than average market shares.  Similar results are seen for profitability:  those with more 

than 60% gender diversity had higher than average profitability.  Use of multivariate regressions 

showed positive correlations between diversity and sales revenue.  This study bolsters other 

hypotheses and research that the quality of U.S. scientist and engineers will increase and cause a 

corresponding productivity increase of the national labor force if more women enter S&E fields 

(Leslie, McClure, & Oaxaca, 1998).  This would occur because there would be competition 

between all qualified workers.  Current numbers and demand may mask poor quality workers, 

which may be more important to issues of productivity (Leslie & Oaxaca, 1993).  Increasing the 

number of female S&E workers may in fact increase the pool of qualified scientist and engineers, 

producing greater productivity for the market.  

3.2. Women in Science: “Underrepresentation” and “Disparity” 

Literature reviews and other reports on women in science reveal many references to the 

terms “underrepresentation” and “disparity” when discussing the participation of women in 

science (Rodger & Walker, 1996; Stake & Mares, 2001).  However, much of the literature does 

not define what these terms mean, almost as if they are catchphrases used with no clear 

definition.  This paper will use the definition of “underrepresentation” used in the 2010 Science 

and Engineering Indicators, which compares demographic group participation in the S&E sector 

to their representation in the total population.  The U.S. Census data for 2000 showed that there 

were slightly more women than men in the U.S., leading to  “underrepresentation” and 

“disparity” in this paper being used to indicate those instances where women do not make up 

                                                                                                                                                             
share will increase, and 4) as gender workforce diversity increases, a business organization’s profits relative to its 
competitors will increase. 



50% of the participants in the S&E sector being discussed (Profile of General Demographic 

Characteristics: 2000, 2000).   

3.3. The Psychology of Female S&E Learning and Influence on Attitude 

A flaw in the current Educate to Innovate campaign is the sole focus on opportunity 

creation for girls instead of focusing on those programs that will counter the sociopsychological 

influences that inhibit girls’ propensity to pursue S&E opportunities.  If girls and boys learned 

the same way and there were not negative outward pressure on girls to make them question their 

abilities related to S&E courses, such a strategy may be sufficient.  Disparities in S&E 

educational attainment indicate that there is some difference between boys and girls.  One 

explanation for this is that girls and boys perceive science differently.  Jacquelynne Eccles’ 

seminal works highlights how achievement is related to concepts of abilities, expectations, 

perceptions of difficulty and value, goals and attitudes (1983; 1997).   

Early evidence indicated that boys and girls show an equal interest in science through the 

elementary years (Linn & Hyde, 1989; American Association of University Women, 1991).  

More recent research sheds additional light on this issue.  A study conducted on Kindergarten 

students comparing the results of two different groups of students, one being taught a typical 

Kindergarten science experience compared to the other participating in a Science Literacy 

Project (SLP), provides interesting results in regards to motivation and competencies.  Those 

students enrolled in the SLP program, regardless of gender, showed improved competencies 

compared to those not enrolled in the program.  There was also no gender difference between 

students’ enjoyment of the program compared to the typical experience where boys indicated 

liking science more than girls (Patrick, Mantzicopoulos, & Samarapungavan, 2009).  Another 
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study using the Implicit Association Test (IAT)3 found that elementary school children develop 

the stereotype that math is for boys very early and before actual differences in math scores and 

achievement are observed (Cvencek, Meltzoff, & Greenwald, 2009).  

As girls progress through the K-12 system, they develop a more negative attitude towards 

science (American Association of University Women, 1991; Sullins, Hernandez, Fuller, & 

Tashiro, 1995; Schmidt & Nixon, 1996; Jones, Howe, & Rua, 2000).  As the students approach 

middle school, interest, participation and achievement in the sciences decreases for girls, a trend 

that continues through high school, leading to low numbers of women pursuing advanced S&E 

degrees as compared to their male counterparts (Grurer & Camp, 2002; VanLeuvan, 2004).  The 

sharpest gender difference in attitude is between 10 and 14 years old (Jones, Howe, & Rua, 

2000).  For eighth grade students (roughly 13 years old), boys were more likely to look forward 

to S&E classes, see the usefulness of S&E to their world, and freely ask questions (Catsambis, 

1995).  The difference in outlook existed despite girls in the classes receiving as good as or better 

grades than their male counterparts.   

The decline in female participation has been attributed to many different variables.  By 

high school, participation rate differences are more pronounced.  High school boys like science 

courses better and, more often than girls, planned to pursue a science education after high school.  

The most common reason given by girls for their lack of intention of pursuing an S&E degree 

was that they had a preference for humanities over the physical sciences or mathematics and they 

instead want to “help other people or animals” (Miller, Blessing, & Schwartz, 2006).  Such 

results are consistent with previous studies and surveys that have found similar responses from 

                                                 
3 The IAT is an experimental method within social psychology designed to measure the strength of automatic 
association between mental representations of objects or concepts in memory.  The test was developed because of 
research suggesting that many cognitive processes that affect behavior are unconscious in nature and are 
inaccessible to observation.  These implicit processes affect perception, influence behavior, and color interpretation 
of past events. 



girls (Astin & Sax, 1996; Willingham & Cole, 1997; Miller, Rosser, Benigno, & Zieseniss, 

2000).   

Other research suggests that it is due to sociopsychological characteristics that cause 

women to be socialized such that they do not have a personal interest in pursuing scientific 

careers (Catsambis, 1995).  Further contributing to these characteristics is the idea some women 

have that their success is due to “luck rather than their own efforts and abilities” (Catsambis, 

1995).  Such participation does not correspond to their high school achievements in S&E classes 

where women receive as good or better grades as their male counterparts.  Instead, such 

perceptions are more due to family experiences and interest and enjoyment of science.  Social 

learning theory suggests that the perceived inability to find success will cause girls to be 

unmotivated to pursue S&E careers, with high school girls feeling less adequate and 

underestimating their competence (VanLeuvan, 2004).  Such attitudes affect future educational 

and career choices for women (Lent, Lopez, & Bieschke, 1991; Lent, Lopez, & Bieschke, 1993; 

Catsambis, 1995; VanLeuvan, 2004). 

Most research regarding declining female S&E participation revolves around the idea of 

“attitude” and the perceptions that females have of S&E education and careers rather than lack of 

aptitude or advanced S&E opportunities.  These findings have led to research studies being 

conducted regarding how best to bring about an attitudinal change among girls to make them 

more interested in S&E subjects and more likely to pursue the educational and career 

opportunities presented by S&E.  Though there is no specific definition as to what an “attitudinal 

change” means, attitude is very important in motivating or guiding our behavior.  As noted by 

Schafer and Tait, attitudes “…strongly influence what we decide to do, where we go to school, 

what job we decide to take, where to live, and whether or not to accept a new way of doing 
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things”  (Schafer & Tait, 1986).  While there is no consensus as to the definition, Olson and 

Zanna (1993) note that there are four definitions depending on that which is being studied, i.e., 

evaluation,4 affect,5 cognition,6 or behavioral predispositions.7  A popular definition for attitude 

has been defined as a “psychological tendency expressed by evaluating a particular entity with 

some degree of favor or disfavor” (Eagly & Chaiken, 1993).  To understand attitudes, one must 

understand the influence that behavior will play.  This will help because a person’s attitude may 

allow predictions be able to be made about their behavior.  A reason that some people may have 

a specific goal for themselves can be related to positive attitudes that have been gained from 

previous rewards or positive influence (Schafer & Tait, 1986).  Understanding such goals and 

how girls made them is important when planning policy interventions.  Educate to Innovate 

focuses on increased opportunities with no apparent regard for the sociopsychological conditions 

necessary for women to take advantage of new opportunities presented to them in S&E fields. 

The perception of what  “science” is can influence a girl’s choice whether or not to 

pursue advanced science courses.  The image that a “scientist” is a white male with lab coat and 

glasses persists among females.  A study found that only 25% of middle schools students, when 

asked to draw a scientist, included a female (Barman, 1997).  Further, research indicates that 

girls tend to lose confidence in their academic abilities as they grow and in turn expect to fail at 

tasks seen as unfamiliar or difficult.  Girls therefore tend to take fewer math and science courses 

(Baker & Leary, 1995).  Research and findings such as these help to illustrate that it is a 

perception or attitude about science that most influences a girl’s choice to pursue a science 

                                                 
4 A psychological tendency that is expressed by evaluating a particular entity with some degree of favor or disfavor. 
5 The affect associated with a mental object. 
6 A special type of knowledge, notably knowledge of which content is evaluative or affective. 
7 A state of a person that predisposes a favorable or unfavorable response to an object, person, or idea. 
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education or career in many instances.  The attitude is based on the stereotype threat8 and 

perceptions of skill and knowledge and not the actual knowledge and abilities that a girl has 

towards S&E.  This belief is credited with lower math and science scores, testing score 

differences, and career choices of women.  Research into stereotype threat has shown that, when 

women are present in stereotype-nullifying situations, their test scores and performance improve 

(Good, Aronson, & Harder, 2009).   

A person’s attitude toward S&E classes and careers can partly be shaped by his/her 

perceptions of the disciplines.  There are sharp differences between how boys and girls perceive 

science.  Many girls feel that science classes are merely “facts to be memorized” and “boring” 

(Jones, Howe, & Rua, 2000).  Within the various fields of science, girls tend to favor biology 

over the physical sciences, which are attributed to female perceptions that it is a more “caring” 

branch (Jones, Howe, & Rua, 2000).  Girls have indicated in studies that they view science as 

more “difficult to understand” than their male counterparts (51% to 41%).  Additional school 

influences can also influence perceptions.  Textbooks without female role models or gender-role 

stereotyping can help to craft female perceptions of S&E (Baker & Leary, 1995; Miller, 

Blessing, & Schwartz, 2006).  Preferential treatment of boys, i.e., more praise and attention and 

higher expectations, has also been cited as a reason for girls to believe that they are not as 

capable as boys to “do” science (Schmidt & Nixon, 1996). 

Assessing how best to cause a change in interest or attitude of girls towards science can 

be hard to quantify.  Typically, studies attempting to measure this have been done to determine 

whether there is increased interest, performance, or retention (National Center for Education 

Statistics, 2007).  Though studies can be mixed, there does tend to be a positive correlation 

                                                 
8 Stereotype threat as been defined as the negative stereotype that assumes women have a weaker S&E ability than 
their male counterparts (Spencer, Steele, & Quinn, 1999). 
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between science attitude and post-high-school achievement (Keeves & Morgenstern, 1992; 

Schibeci & Riley, 2006).  Several gender-based studies aimed at identifying practices to increase 

post-high school achievement indicate that intervention, such as attendance in informal 

educational learning environments, and mentoring hold the most promise for encouraging girls to 

pursue S&E careers when the focus is on engagement and attitude change (Levin, Sabar, & 

Libman, 1991).  This follows other research which suggests that perceptions of S&E will dictate 

how likely a student is to select careers in these areas (Hess & Miura, 1985; Shashaani, 1994; 

Craig, 1999; Smith L. B., 2000).   

3.3.1. Women, Girls, and Knowledge 

There have been assessments that part of the reason women are not rising to the top is 

due to aptitude differences between men and women.  Former Harvard President, Larry 

Summers, most notably voiced this assessment.  An analysis of the data available through the 

National Center for Educational Statistics (http://nces.ed.gov) provides information by which 

female knowledge of the subjects can be assessed.  For fourth grade girls, 2008 composite 

science scores indicate that they have scored 149 compared to their male counterparts’ score of 

153.  This gap is slightly closed in 8th grade when the most recent scores indicated that boys had 

a drop in average to 150 compared to girls’ average score of 147, a smaller decrease than their 

male counterparts.  By grade 12 the scores have fallen again for both to 149 and 145.  When 

examining the data closely, one finds differences between those students tested in public vs. 

private schools.  In the private school data, girls have the exact same score (160) as their male 

counterparts.9  Similar findings are found if you examine the individual science subject matters.  

                                                 
9 The National Center for Educational Statistics does not identify whether the private schools attended by the 
students were single-gender or co-gendered schools. 

http://nces.ed.gov/


Examinations of the Live Science composite scores find that girls’ average test scores were also 

the same as boys (148).  

The National Center for Educational Statistics data indicates that girls are only a few 

points behind boys in the science and mathematics scores and this gap decreases when looking at 

private school numbers compared to public school data.  As such, this does not constitute a 

significant aptitude difference between the genders.  Though large numbers of both genders still 

need to reach the basic and proficient levels, the scores show that girls are just as competent as 

their male counterparts to grasp and use science and mathematics processes.  As such, there is no 

“aptitude gap” that must be overcome when discussing ways to more fully engage girls in 

science education and careers. 

3.4. Summary of Findings 

The initial literature review on the value of diversity and the psychology of female 

learning yields some important observations.  First, virtually all disciples agree diversity is 

important.  This ranges from the economic discussions first by Weitzman, the mathematical 

theorem put forth by Page, the business analysis done by Herring, and the work within the 

science by Sonnert and others.  Within the sciences, the discussion surrounds the narrowed field 

of scientific inquiry and the often negative results that come from only having one homogenous 

group of people asking the scientific questions.  The effects of “blind spots” could be reduced by 

having non-homogenous groups of people participating in the discussions.  Second is that there 

are multiple aspects that contribute to the psychology of how girls learn science.  Many of these 

are sociopsychological impacts that consciously or unconsciously contribute to girls’ perceptions 

of science.  These impacts most commonly come from parental interactions though the 

perceptions gained through school and peer interactions also influences S&E interest.  Stereotype 
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threat and perceptions of disciplines between males and females further adds to the unlikelihood 

of future female S&E participation.  To change these ingrained perceptions that girls have, 

intervention programs and mentoring appear to hold the most promise to achieving post-high 

school S&E participation by girls. 

 

4. Educate to Innovate Campaign 

The federal government is concerned with improving the participation and performance 

of America’s students, especially women and girls and the Educate to Innovate campaign aims to 

do this.  The campaign is a public-private partnership between the federal government and 

leading companies, foundations, non-profits, and science and engineering societies with the aim 

of working with students across America to excel in science and math.  The Office of Science 

and Technology Policy (OSTP), which is overseeing the implementation of the campaign, along 

with the Obama administration highlighted two key findings as the impetus for the program:  (1) 

the 2006 Programme for International Student Assessment (PISA) found that Americans ranked 

21st out 30 in science literacy among students from developed countries, and 25th out of 30 in 

math literacy and (2) the 2009 National Assessment of Educational Progress (NAEP) math tests 

showed 4th graders had no signs of progress for the first time in many years, and 8th graders 

tallied only modest evidence of progress.  From these findings, the Obama administration 

concluded that the United States (U.S.) was not advancing as needed in S&E education. 
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4.1. Program Goals 

The Educate to Innovate campaign has three overarching goals that it hopes to achieve.  

The press release for the campaign listed the three overarching goals as (1) “Increase STEM10 

literacy so that all students can learn deeply and think critically in science, math, engineering, 

and technology”; (2) “Move American students from the middle of the pack to top in the next 

decade”; and (3) “Expand STEM education and career opportunities for underrepresented 

groups, including women and girls.”11 

4.2. Program Activities 

The Educate to Innovate campaign started with four initial steps that have been expanded 

since the campaign was announced.  A key component of the campaign was four major public-

private partnerships.  The partnership is aimed at “harnessing the power of media, interactive 

games, hands-on learning, and community volunteers to reach millions of students over the next 

four years, inspiring them to be the next generation of inventors and innovators.” The initial four 

programs are outlined below.12   

1. Public Relations Partnership:  The first program is a public relations partnership.  

Specifically, Time-Warner Cable, Discovery Communications, FIRST® Robotics, and Sesame 

Street, along with other partners will engage in a public relations campaign.  The purpose is to 

get the message to kids and students about the wonder of invention and discovery.  This is being 

done by connecting students to existing S&E activities in their area through the website 

                                                 
10 Though this paper focuses on science and engineering, many other programs and organizations also emphasize 
technology and math.  Because the National Science Foundation focuses solely on science and engineering when 
they publish their bi-annual report, this paper chose to follow that format. 
11  Race and gender are both closely related to issues of female S&E participation.  For the purposes of this analysis, 
race will not be specifically signaled out when analyzing the programs and campaign.   
12 The additional programs may be found in Appendix 1. 
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www.connectamillionminds.com.  The site allows parents and students to explore, via zip code 

or key word search, a variety of S&E activities being offered by different groups in their area. 

2. National Lab Day:  Despite its name, National Lab Day is not meant to be one single 

day.  Instead, it is touted as “a nationwide initiative to build local communities of support that 

will foster ongoing collaborations among volunteers, students and educators (Hastac Initiative, 

2009).”  The purpose of the initiatives is to match educators and students with volunteers, 

university students, scientists, engineers, other S&E professionals and members of the 

community to bring discovery-based science experiences to students in grades K-12.  A key 

component of this is a system that will allow educators to post a project and then help those 

educators to find the resources to proceed with the project.  The culmination of this project was 

May 10, 2010 when there were nation-wide activities to celebrate the collaborations. 

3. STEM Design Competitions:  The third program is the National STEM13 Design 

Competition (Competition).  This is being done in conjunction with the Digital Media and 

Learning Competition.  The Competition is designed to create “learning environments and digital 

media-based experiences that allow young people to grapple with social challenges through 

activities based on the social nature, contexts, and ideas of science, technology, engineering and 

math” (Hastac Innitiative, 2010).  The focus is to engage in participatory learning for students 

that (1) is intrinsically motivated because it is connected to their interests and passions; (2) is 

inherently social in nature because it involves interacting, providing feedback, and sharing with 

others; and (3) typically occurs during tangible and creative activities, that are open and 

discovery-based, involve tinkering and play and are not highly prescriptive (Hastac Initiative, 

2009)  

                                                 
13 Science, Technology, Engineering, and Mathematics 

http://www.connectamillionminds.com/
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4. Private/Public Philanthropic Involvement:  The fourth original announced program 

was one that would increase private and philanthropic involvement with the intention of 

supporting STEM teaching and learning.  The five business leaders announced to head this part 

of the program were Sally Ride, Craig Barrett, Ursula Burns, Glen Britt, and Antonio Perez.14 

4.3. Analysis of Goal 3 in Relation to the Public Relations Partnership 

The third program goal – improved educational and career opportunities – provided the 

impetus for this analysis.  Initial analysis indicates that the goal is vague in its meaning.  For 

example, program literature does not define what “opportunities” mean in the context of the 

campaign.  A review of the Public Relations Partnership website provides a listing of many 

informal learning opportunities for children and young adults in which they may participate in 

their areas.  The author’s conversations with OSTP staff reveals that the campaign “may or may 

not have evaluation results” and that they are dependent on the individual programs to provide 

such evaluations (Dearo, 2010).  A response such as this from the Obama Administration is 

surprising considering the push that it has made to use evidence-based programming.  Peter 

Orszag, former Director of the Office of Management and Budget, along with John Holdren, 

Director of the Office of Science and Technology Policy, released a memorandum in August, 

2009, outlining the Science and Technology Priorities for the FY 2011 Budget.  This memo 

specifically states that “[A]gencies should develop outcome-orientated goals for their science 

and technology activities, establish procedures and timelines for evaluating the performance of 

these activities, and target investment toward high-performing programs” (Orszag & Holdren, 

2009).   

                                                 
14 Sally Ride was the first female in space.  Craig Barrett was Chief Executive Officer (CEO) for Intel Corporation 
from 2005-2009.  Ursula Burns is the Chairman and CEO for Xerox.  Glenn Britt is Chairman, President and Chief 
Executive Officer of Time Warner Cable.  Antonia Perez is Kodak’s Chairman and Chief Executive Officer. 



There is also concern with the stated goals of the campaign, specifically questions 

revolving around where individuals will come from who will be able to fill the positions.  As 

stated by economist Paul Romer, policies aimed at increasing output or skilled workers must first 

address from where those workers will be recruited (Romer, 2000).  He identified flaws found in 

U.S. governmental innovation programs, specifically looking at funding allocations for 

programs.  Chiefly, there must be a clear distinction between goals and programs, with goals 

representing specific objectives with workable metrics.  By his argument, increasing the number 

of S&E opportunities for women and girls is not a workable goal.  A viable goal would instead 

be increasing the fraction of women who decide to major in an S&E field.  Considering the 

disparities within computer science and engineering, this could be further tailored to stating that 

a goal would be to increase the fraction of women who decide to major in those disciplines. 

The lack of a requirement for the programs sponsored by the campaign to be evidence-

based along with an absence of clear, measurable goals raises questions as to how effective the 

campaign will be to encourage women and girls pursue S&E educational opportunities and 

careers.  To examine how best to structure these informal learning activities to best motivate 

women and girls to pursue S&E education and career opportunities, analyzing two local 

Minnesota programs against informal learning best practices will provide a guide to optimizing 

future programs at the federal level to ensure that the money and time spent on such programs 

will provide the desired outcomes. 

 

5. Case Program Descriptions 

Two S&E informal educational opportunity programs were selected to be the case 

programs for this prospective policy analysis:  the Convent of the Visitation Academy FIRST® 
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Robotics Program and the Science Technology & Engineering Preview Summer Camp for Girls 

(STEPS).  These camps are aimed at different age groups and have different S&E focuses.  This 

will allow broader conclusions to be drawn from their key intervention strategies that can then be 

applied across a broad array of informal educational opportunities rather than be narrowly 

focused on a specific age group or activity. 

5.1. Convent of the Visitation Academy FIRST® Robotics Program 

The Convent of the Visitation School’s FIRST®15 Robotics team No. 2177, named The 

Robettes, is Minnesota’s only all-female robotics team.16  The mission of The Robettes is to 

“increase student academic interest in the fields of science, technology, engineering and math, 

while inspiring confidence in their unique abilities and leadership potential” (The Convent of the 

Visitation School, 2010).  Founded in 2006, the team has competed in nationwide competitions 

winning many awards including the Rookie Inspirational Award and the Highest Rookie Seed 

Award at the St. Louis Regional completion in their first year.  During the 2008-2009 season, the 

team won the Judge’s Award at the Kansas City Regional completion and the Judge’s and 

Regional Finalist Awards at the Minnesota Regional.  The team is divided into five different sub-

teams:  Mechanical, Electrical, Programming, Public Relations and Business and Driving and 

Strategy (The Convent of the Visitation School, 2010). 

The Robettes have specific metrics for how “success” is defined in the program.  The 

immediate determinant is the product produced; the ability of the team to compete with a 

functional robot at the regional level whereby all team members have worked together with 

mentors to design, build, and program a functional robot.  In addition to this, the Robettes also 

                                                 
15 FIRST: For Inspiration and Recognition of Science and Technology® 
16 Current sponsors of The Robettes are Boston Scientific, The Convent of the Visitation, Health Partners, Dakota 
Properties, Thompson Reuters, Kwik Copy, Patterson Companies, Inc., and the Shakopee Mdewakanton Sioux 
Community. 



have a process that defines success; having fun while creating a robot that will effectively 

compete at the regional level, present itself as a valuable ally (along with its creators), and 

promote the team and others to the national competition (The Convent of the Visitation School, 

2010).   

Additional latent opportunities have occurred at the Convent of the Visitation school as a 

result of the Robettes.  One is the addition of S&E classes because of increased interest.  

Specifically, a computer science and an introduction to engineering class were added because 

girls who were participating in FIRST® specifically requested more S&E-based classes.  The 

Robettes also filled a need for those girls that were not into the “sports culture” of the school but 

still desired to be part of a team according to Liv Anda Knatterud, one of the Robettes faculty 

advisors.  The Robettes allowed those students an activity that was fun and exciting while 

allowing them the team experience that they may not have had otherwise. 

5.1.1. FIRST® National Background 

FIRST: For Inspiration and Recognition of Science and Technology® is a nationwide 

program founded in 1989 by Dean Kamen, inventor of the Segway, entrepreneur, and science 

and technology advocate.  The vision of FIRST® is to transform culture by creating a world 

where science and technology are celebrated and where young people dream of becoming 

science and technology leaders (FIRST.org).  The program functions through business-

sponsorship whereby a business, usually one in the S&E sector, will sponsor individual teams in 

school districts.  These teams then create a robotics project. 

5.1.2. Success of FIRST® on Nationwide Participants 

FIRST® has been proven nationwide to increase S&E interest.  A study conducted by 

Brandeis University reviewed the 2008-2009 program whereby participants indicated that their 
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interest in S&E increased.  Eighty-five percent of team members indicated that they wanted to 

learn more about science and technology, 88% indicated that they wanted to know how science 

and technology could be used to solve real-world problems, 77% reported that they were more 

interested in a job using science or technology, and 63% said they wanted to become engineers 

(Center for Youth and Communities , April 2005).   

Such initial results are encouraging but it is important to look at the long-term results that 

FIRST® robotics programs can offer.  When examining FIRST® participants education and 

career outcomes compared to a control group, one finds that participants in the FIRST® robotic 

programs have a higher propensity to pursue a degree in an S&E field. 

Table 1:  College Major By Gender of FIRST® Participants Compared to National 

Averages 

College Major: Male Average 
FIRST® 

Male National 
Average 

Female Average 
FIRST® 

Female National 
Average 

Engineering 48.1% 12.4% 32.8% 2.1% 
Business Management 6.5% 11% 22.4% 14.5% 
Computer/Information 

Sciences 
18.2% 2.6% 1.7% 1.3% 

Social Sciences 6.5% 3.9% 10.3% 6.3% 
Health 1.3% 4.4% 13.8% 13.2% 

Other Professional 6.5% 10.9% 6.9% 15.0% 
Humanities 5.2% 11.2% 3.4% 10.0% 
Education 3.9% 2.9% 1.7% 7.3% 

Life Sciences 1.3% 4.3% 5.2% 3.6% 
Physical Sciences 1.3% 0.7% 1.7% 0.4% 

Vocational/Technical 1.3% 7.0% 0.0% 0.4% 
 

FIRST Robotics participation has been shown to increase educational and career 

attainment in the S&E sectors.17  Based on the table above, female FIRST® participants did have 

a higher propensity to major in a science or engineering field compared to their non-FIRST® 

                                                 
17 Limitations to such conclusions are that the students who participate in FIRST® are self-selected and those 
students who already have an affinity for science and engineering may be more likely to participate than those that 
do not.  Over-generalization of these results cannot be made due to this. 
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counterparts, with female participants being 30.7 percentage points more likely to major in 

engineering.  Such findings are consistent with other national studies that have found that 

participation by girls in robotics programs can reduce traditional gender role beliefs and increase 

positive attitudes about S&E careers (Weinberg, Pettibone, Thomas, Stephen, & Stein, 2007). 

5.1.3. Success of Success of FIRST® on the Robettes Participants 

No specific evaluation has yet been done on the success of FIRST® on the Robettes 

participation in S&E careers.  However there is anecdotal evidence that participation as a 

Robettes does increase the girls’ future participation.  Ms. Knatterud, told the story of one girl 

who was a planning on being a psychology major in college until she participated in FIRST®.  

After this exposure, she decided to pursue an Electrical Engineering degree from the South 

Dakota School of Mines and Technology.  The student commented to Ms. Knatterud that she did 

not know what engineering really was until she joined the FIRST® team and realized that it was 

not only fun but also relevant to her life. 

An initial analysis of intended majors of the 25 Robettes who have graduated from 

Visitation reveals initial promise for the program to encourage female participation in S&E 

careers.  Over half of the graduates intend to major in an S&E career.18  This number is slightly 

higher than those seen in the nationwide FIRST® evaluation.  Of those, at least five identified 

wanting to continue and receive an advanced S&E degree at a future date.  Initial results such as 

this indicate that the Robettes program has the potential of having a direct influence on future 

S&E attainment of its participants.19 

                                                 
18 This number includes those girls who intend to double major in an S&E career along with another non-S&E field 
and those students intending to major in perceived “softer” S&E degrees such as psychology. 
19 Conclusions of the success of this program on S&E participation must be weighed against the fact that the girls 
who participate in this program self-select to join.  These are girls who may already have a higher-than-normal 
propensity to be interested in S&E classes and careers.  It is possible that a different result would be found if the 
group was intentionally formed with girls who have an initial dislike for science and engineering topics.  



5.1.4. Key Intervention Strategies of the Robettes 

Conversations with faculty advisors revealed three key intervention strategies that they 

identified as key to the success of the Robettes program:  (1) hands on activities, (2) team-

approach to the projects, and (3) the participation of mentors. 

5.1.5. Hands-On Activities 

The use of hands-on activities was identified as vital to the girls’ enjoyment of being a 

Robettes and to the success of the program to sustain enrollment after four years.  The hands-on 

approach goes through stages during every competitive season.  Initially, the students observe 

while the mentors do the work and slowly the roles are reversed until it is the girls doing the 

work with the mentors observing.  During the initial design period this past season, the girls 

identified a desire to take more of a lead and have the mentors offer advice on their ideas instead 

of directing them towards a specific design.  Such an approach was identified as having the girls 

more invested in the robot and the design process.  This more hands-on approach was identified 

as being more exciting for the girls and is something that the faculty advisors plan to implement 

during the next season. 

5.1.6. Team-Approach to Projects 

The team approach in the Robettes group is seen in all levels of the competition.  This 

approach is first seen during the brainstorming session whereby the girls as a group decide what 

features are necessary for the robot to have in order to compete in the FIRST® nationwide 

competitions and how those features could be incorporated into a robot.  The team approach is 

further utilized during the 5-Step Design Process.  The girls first (1) think of problems that their 

robot would have to overcome, (2) come up with a design as a group, (3) build their robot, (4) 

test the robot, and (5) debug any problems found during the testing stage.  This team-approach is 
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carried over into the actual competition.  The Robettes emphasize that they are a team that goes 

to competitions, almost as a “sport for the mind.”  As identified by the faculty advisor, the girls 

can learn everything in classes but it is not until they are on a team with a focus on fun that the 

true learning begins.  Further, the team approach is seen in the five major sub-teams: 

Mechanical, Electrical, Programming, Public Relations and Business, and Driving and Strategy.  

Each of these groups is a sub-team that works as a part of a whole team to accomplish the goals 

and objectives of the Robettes. 

5.1.7. Mentors 

The industry mentors were identified as key to the success of the Robettes.  The number 

and gender of the mentors has varied during the four years that the program has been in 

existence.  Originally there were six men and one woman serving as mentors.  The most recent 

season saw four men and three female teachers serving the role of mentors.  The mentors are 

vital at all stages of the build process.  The mentors are present during the brainstorming session 

with the girls to guide them to a workable model based on their industry experience.  Because the 

engineering mentors understand the design process, they are able to expose the girls to how 

understanding the design requirements aids in the process.  Robettes mentors have commented 

that they particularly enjoy working with the Robettes because they get to work on fun projects 

with definitive deadlines that do not exist in their real-life jobs.  As one Robettes participant 

noted, the passion of the mentor got her excited about engineering the S&E careers.  Never 

having considered S&E careers before, the then-sophomore got a job in a lab as an intern at the 

University of Minnesota and this summer is again an intern at the University in the Center for 

Compact and Efficient Power.  When asked by their advisors if the girls would prefer having all-

female engineering mentors, the girls replied that they would prefer to keep their current mentors 
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and allow co-ed groups to have the female mentors because they felt that those teams needed 

strong female mentors more than they did. 

The Robettes advisors are taking a new approach this year to mentorship in addition to 

the industry mentors.  This year there is finally a critical mass of ten returning Robettes seniors 

that can allow for internal mentorship to occur.  This will occur with the ten seniors being 

mentors to younger and/or new Robettes.  This will be done to (1) enhance the team-work that 

already exists and (2) provide guidance to the younger and/or newer members in an attempt to 

sustain the Robettes numbers year to year to keep institutional knowledge of the program among 

participants. 

5.2. STEPS Summer Camp for Girls 

The Science Technology & Engineering Preview Summer Camp for Girls (STEPS) is a 

weeklong summer camp program at the University of St. Thomas in St. Paul, Minnesota.  STEPS 

is divided into two programs:  Basic STEPS camp and Advanced STEPS camp.  The program 

markets itself as: 

• An opportunity for girls to learn more about what engineers do 
• Outstanding instructors with backgrounds in engineering, technology and science  
• A one-week introduction to the world of technology and engineering  
• A hands-on experience with high-tech equipment and processes  
• A college-camp experience at the St. Paul Campus of the University of St. Thomas 
• A fun way to live and work with other girls sharing similar interests 

The impetus of the creation of STEPS was the lack of engineers in the U.S. despite the 

engineering field continuing to grow.  Further, the program is concerned with increasing 

diversity within the engineering workforce, especially among women.  Creative recruiting 

methods are needed to introduce girls to engineering due to the inability of current methods to 

fill engineering shortfalls and increase diversity within the field.  Supportive classroom climates 

are needed to provide confidence in science and engineering along with providing opportunities 
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for girls to have hands-on experience with science and engineering equipment.  The program 

focuses on girls specifically because of the perceived differing attitudes that girls have towards 

S&E subjects during school that make them less interested in pursuing those subjects into high 

school and college.  STEPS is offered to girls who have just finished 6th grade because of 

research that highlights this as a critical age for girls to make decisions regarding future 

curriculum choices.  STEPS aims to create a program that allow girls to make “informed choices 

regarding a meaningful path to high school coursework and college engineering programs” 

(Smith K. L., 2009). 

The Basic STEPS is a one week camp that is tuition-free and provides an applied science 

experience for girls entering the 7th grade.  There are four one-week camps that accommodate 40 

girls each week.  The participants live in dorms at the University of St. Thomas in order to also 

give them a taste of what college life is like.  During the day there are a variety of activities (See 

Appendix 2) with S&E aspects including building an airplane, creating a website, biology and 

chemistry classes, and a history of women in S&E.  Advanced STEPS is also a one-week, tuition 

free camp eligible to girls entering the 9th grade who two years previously had participated in 

Basic STEPS.  This program builds upon the foundation of Basic STEPS with greater emphasis 

on college, career exploration, and guidance.   

5.2.1. Effects of STEPS Participation 

STEPS administer pre- and post-participation surveys on all campers who attend.  The 

goals of these surveys are to see what initial impact STEPS has on the girls’ attitudes and 

perceptions of science.  The data for the 2008 and 2009 programs indicate that there is an initial 

impact on girls’ attitudes towards future science courses as seen in Table 2. 
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Table 2:20 
Basic STEPS Camper Plans to Take High School Courses (Pre and Post) 

Course % of 2009 
Campers 

(Pre) 

% of 2009 
Campers 

(Post) 
+/- 

% of 2008 
Campers 

(Pre) 

% of 2008 
Campers 

(Post) 
+/- 

Calculus 340 55 +15 41 50 +9 
Chemistry 71 87 +16 67 80 +13 
Biology 57 77 +20 54 73 +19 

Engineering 47 68 +21 42 58 +16 
Computer 
Science 35 46 +11 43 52 +9 

Physics 54 80 +26 60 69 +9 
Statistics 31 44 +13 32 35 +3 

 

In all categories, the STEPS girls intended to take more S&E classes after their attendance in the 

program.  However, short term gains must also correspond to long-term progress.  This is why 

the most recent STEPS evaluation can lend support to the long-term impact of the program on 

the girls who participated. 

STEPS has conducted evaluation of the programs since the 2006 season. 21  The 2009 

evaluation included the results of an Alumnae Survey to determine the program’s impact aimed 

at answering “Does STEPS make a difference?”  The women who responded participated in the 

program from 2000-2003 and were either about to enter their senior year of high school, begin 

their first year of college, or were in college.  Findings from the evaluation revealed that STEPS 

does appear to have an impact on the girls’ future education and career choices.  As one STEPS 

alumni noted,  

Before attending STEPS I never really thought that I was good at 
math and science.  I never had much confidence in those subjects, 

                                                 
20 Data extrapolated from STEPS alumni survey. 
21 “Due to the lower desired return rate and until more data is collected, caution is needed so that this data is not 
over-generalized as representative of all STEPS campers. For example, it is possible that the subgroup of alumnae 
who responded to the survey is that which is the most interested in science and engineering, most interested in 
connection with a School of Engineering, and most motivated to return a survey, thus skewing the results. However, 
the data would seem to contradict this idea given that nearly half of the alumnae respondents indicated they were 
claiming a major not related to science or engineering, and given that data from the alumnae is consistent with other 
data gathered from about 200p TEPS campers each summer”  
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and really only did the bare minimum when asked to.  Since then I 
have loved the classes I’ve had in math and science- I gained such 
an appreciation for science math and engineering through the 
experience because STEPS showed how those three subjects are 
connected to everything in our daily lives.  STEPS showed how 
interesting math and science are, and gave me the impression that I 
was very capable of understanding these subjects.  And today I am 
(Smith K. L., 2009). 
 

This sentiment regarding the impact of STEPS is translated in the respondents’ answers to the 

survey.  Seventeen percent stated that they would be majoring in Engineering and 25% stated 

that they would major in Science, higher than the national average of 8.75% for engineering and 

21.7% for science/engineering.22  A further 97% intend to earn a Bachelor’s degree with 75% 

indicating that they wished to pursue their education further with Masters or Doctorate degree. 

5.2.2. Key Intervention Strategies of STEPS 

STEPS literature and conversations with camp directors identify three key intervention 

strategies that lead to the success of the program:  (1) using female camp counselors/mentors that 

can relate to the girls and provide role models, showing them that girls actually can and do 

pursue an S&E degree, (2) hands-on activities that are related to things that the girls themselves 

are interested in to show that S&E permeates all aspects of their lives, and (3) the building of 

friendships between girls who are interested in S&E fields to thereby provide a support network 

for the girls. 

5.2.3. Camp Counselors/Mentors 

STEPS had previously used industry representatives as mentors during the initial years of 

the program.  Many of these early mentors were older white men that camp directors felt were 

not able to make the social connections with the girls at the level that the directors would like.  

Camp organizers then decided that camp counselors would be young high school or college 

                                                 
22 Percentages used from the FIRST Robotics evaluation. 
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women who could provide the supervision that the girls needed while also showing the STEPS 

participants that girls like them are capable of performing science and engineering tasks.23  As 

noted by one parent of a STEPS camper,  

She . . . discovered that people who are ‘nerdy smart’ are also ‘fun 
and cool.’ . . .  The most powerful role models were the camp 
counselors – college age young women who were smart and proud 
of it.  The faculty was examples of women successful in careers 
not traditionally filled by women.  These lessons coming from 
someone other than her parents were invaluable. 

 

The experiences and comments by STEPS alumnae about the female mentors are one reason why 

the choice was made to go to the all-female camp counselors and mentors. 

5.2.4. Hands-On Activities 

The use of hands-on activities was identified as vital to the success of the program and to 

the girls’ enjoyment of STEPS.  As noted by Director Kaye Smith, many of the girls come into 

the program never having used a power tool or other such machines and by the end of the camp 

are using such tools with confidence and ease.  Such skill and confidence is grown through the 

various activities and classes.  For example, in the MacGyver class, girls are shown ways to 

solve problems in a similar creative vein as the former TV character.  The girls use advanced 

drafting software to make their own 3D images and games in the Animation class.  The 

Machining/Plastics class allows girls hands-on use of the machines to create their own devices.  

Such activities are believed by staff members to be one of the keys to success of STEPS.  As 

noted by one counselor and former STEPS camper, “The STEPS program has made an impact on 

my life as well as many other young girls(sic) lives.  It uses activities that a classroom would 

                                                 
23 A few men are also hired to help out in the various laboratories and classrooms but the counselors and directors 
are all female. 



never attempt to show how mathematics and science are interesting and practical” (Smith K. L., 

2009) 

The culmination of the STEPS hands-on activities is Fly Night.  The campers spend part 

of their week assembling and manufacturing their own radio-controlled airplane.  The girls then 

meet with model airplane enthusiasts from Tri-Valley R/C Flyers who help the girls fly their 

planes in front of each other, family, and friends.  Building upon the mentoring component of 

STEPS, all airplane lab workers were University of St. Thomas undergraduate engineering 

students who had finished their freshmen year.  These students not only helped the girls master 

the various tools and devices needed for them to build their airplane but also provided additional 

role models of smart, intelligent men and women who were pursuing engineering and science as 

a career.   

5.2.5. Relationship-Building Between Girls 

The relationships between the girls were identified as one of the strengths of the STEPS 

program.  This is why close to 30% of the STEPS activities are teambuilding and socializing to 

allow for those relationships to be developed.  The all-girls environment allows the female 

campers to see that other girls are just as excited and interested in science as they are.  The camp 

counselors believe that, when they are back in their normal S&E environments where they may 

question their ability to “do” science, they will be able to think back to the friends that they made 

at STEPS camp and realize that their friends there could “do” the science and so can they. 

 

6. Assessment of Key Intervention Strategies for Selected Programs 

Informal learning experiences, such as the Robettes or STEPS, have been shown to 

increase positive interest in S&E fields for both boys and girls, and therefore possibly increase 
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the number of females in S&E career fields (Dyer, 2004; VanLeuvan, 2004).  This interest can 

help with mastery experiences that increase the confidence of the participants regarding their 

abilities to complete a project.  Such mastery experiences24 have the potential to significantly 

predicted whether the girls believed that they could perform the tasks within the program 

(Britner & Pajares, 2006).  These types of programs can therefore be successful by providing 

meaningful engagement and opportunities by increasing female access to S&E activities. 

(Koppel, Cano, Heyman, & Kimmel, 2002).  An analysis of the research on the various stated 

intervention strategies will help yield insight to their possible effectiveness in future programs. 

Additionally, a discussion of other key intervention strategies identified by a literature review 

will be included to determine if those strategies are also being incorporated into the programs. 

This will enable an evidence-based analysis of key intervention strategies to be identified and 

recommended for future programs.  Due to the Obama administrations focus on evidence-based 

programming, such an analysis is vital for future federal programs and campaigns. 

6.1. Identified Key Intervention Strategies 

The two case programs identified four unique intervention strategies that they considered 

essential to the success of the programs:  (1) hands-on experiences, (2) mentors, (3) team 

approach to projects, and (4) relationship-building between girls.   

6.1.1. Hands-On Experiences  

The two case programs each identified hands-on experiences as vital to the success of the 

programs.  These observations correspond to research on this strategy.  Hands-on activities with 

meaningful products can more fully engage girls and suggest that their understanding and 

                                                 
24 Mastery Experiences is defined by Britner and Pajares as “Students engage in tasks and activities, interpret the 
results of their actions, use these interpretations to develop beliefs about their capability to engage in subsequent 
tasks or activities, and act in concert with the beliefs created.  Experiences interpreted as successful generally raise 
confidence; experiences interpreted as unsuccessful generally lower it.” 
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perceptions about S&E careers can be positively improved (Marcu, et al., 2010).  When 

examining results from other programs aimed at increasing interest, those that resulted in more 

favorable evaluations by the female participants were those that were hands-on (Rodger & 

Walker, 1996).  Those other programs that allowed open-ended play involving discovery or 

exploration aspects widely and positively appeals to both girls and boys (Subrahmanyam & 

Greenfield, 1998; Van Eck, 2006).  These findings correspond with other research that suggests 

that such interactive lessons keep students engaged and thinking critically (Christie, 2005).   

Hands-on science experiences are argued to be vital to learning because they help with 

the concrete-to-abstract nature of cognitive development.  Such development is argued to 

increase motivation and engagement (Flick, 1993; Klahr, Triona, & Williams, 2007).  It was 

these findings that led the National Science Teacher Association (NSTA) in 1990 to recommend 

the amount of hands-on activities in classrooms.  NSTA recommended that there should be 60% 

in elementary, 80% in middle school, and 40% in high school (Klahr, Triona, & Williams, 

2007).25   

Research has found that both physical and virtual hands-on learning activities can be 

equally effective.  For example, one study found that children who used physical materials such 

as springs or weights were as useful for a child’s ability to design and correct predictions as 

those students who used virtual materials such as computer depictions of springs or weights 

(Triona & Klahr, 2003).  A qualitative study just on the virtual learning environment found that 

                                                 
25 NSTA adopted new guidelines in 2007, replacing their old statement.  Currently, there are no specific percentage 
recommendations.  They instead recommend that inquiry-based learning be a core of all science education.  For 
more information see http://www.nsta.org/about/positions/laboratory.aspx. 



34 | P a g e  
 

there were no significant benefits to hands-on virtual materials over physical hands-on materials 

(Klahr, Triona, & Williams, 2007).26 

Hands-on learning also can aid in the development of spatial reasoning skills 

(Mathewson, 1999; Hardiman, 2001; Lindgren & Schwartz, 2009).  One study done in 1991 

found that entering female engineering students in an introductory engineering class lacked the 

spatial reasoning skills that most of their male counterparts possessed (Agogino & Hsi, 1995).  It 

was believed that this lack of skill led to many of the female students receiving grades of Ds or 

Fs, with many of those students then dropping engineering as a major.  Attempting to correct for 

the apparent gender differences, instructors offered additional spatial reasoning hands-on 

workshops to all students though most of the students who participated were female.  

Assessment after the workshop interventions found that there were no spatial reasoning ability 

differences between genders.  In fact, women tended to do better than their male counterparts 

with more experience (emphasis added).  More hands-on experiences before entering the college 

setting could have prevented much of the additional training necessary to expose women to 

special reasoning skills that their male counterparts were exposed to younger in life. 

Findings such as these are important for informal learning environments as program 

planning is done.  Programs such as STEPS, which utilizes both physical and virtual hands-on 

activities, may be able to provide a broader array of experiences for their participants.  

Additionally, the Robettes also has a mixture of activities ranging from virtual programming of 

the robot to the physical hands-on building phase of the program.  As noted by Ms. Knatterud of 

the Robettes, some girls enjoy the design phase more than the building stage and vice-versa.  It is 

                                                 
26 This study did provide a caveat that it is important that the teacher/instructor can greatly influence the outcome of 
the program. 
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possible that having a mixture of hands-on activities in both the virtual and physical space may 

provide a broader appeal to program participants. 

6.1.2. Use of Mentors 

The programs both identified the use of mentors as another key strategy for success.  

Research has shown that role models can be a greater influence on a girl’s choice of career than 

self-efficacy27 (Quimby & DeSantis, 2006).  Some research has found that providing career 

information was not enough.  Increased interest was greater when personal professional 

experiences were provided to program participants (Liston, Peterson, & Ragan, 2008). 

Such findings are similar to what other programs have found regarding mentors for 

females.  Lessons learned from another informal educational opportunity such as the Girls 

Creating Games (GCG) program provides further insight to the use of mentors in these types of 

settings.  Collaborations with female technology students and professional provide support and 

role models for the GCG participants helped to dispel the myth that only “geeks” do game 

programming.  Also, the mentors provided sociopsychological support, i.e., sharing personal 

stories and providing encouragement and suggestions when the girls discussed concerns that they 

were having with peers, family and teachers.  These findings correspond to academic research 

that found role models can counter stereotypical views and combat the idea that only men pursue 

S&E careers (VanLeuvan, 2004).  Findings such as these continue into the college years where 

gender attrition rates in an S&E department improved when the female students were mentored 

by faculty (Cohoon, 2001).  As such, these mentors provide not just role models but also 

challenges to stereotypes that girls have of who “does” science and engineering (Denner, 

Werner, Bean, & Campe, 2005).   

                                                 
27 Self-efficacy is a belief in one’s ability to perform a given behavior (Lent, Lopez, & Bieschke, 1991). 



Interesting for the two programs, the types of mentors identified were different.  For the 

Robettes, female mentors were not as important as the experience that the mentors brought to the 

program.  However, STEPS immediately identifies that the use of female mentors was vital to 

the success of the program.  This leads one to question whether the age of the participants should 

affect the gender of the mentors used.  A review of the research did not find any discussions 

relating to when female mentors should be used exclusively for age groups.  The discussions 

focused solely on female vs. male mentors with the age of the participants appearing to not have 

any bearing on the discussion. 

6.1.3. Team Approach to Projects 

There is a very large font of literature regarding teamwork benefits for the business and 

medical fields along with the benefits of teamwork for educational situations in general.  

Teamwork has been identified as important to science innovation and knowledge production 

(Hoegl & Gemuenden, 2001; Wuchty, Jones, & Uzzi, 2007).  However, there is very limited 

literature regarding this specific intervention strategy for girls and science.  Baker and Leary 

(1995) found that girls liked learning science in an interactive social context rather than those 

activities that isolate them.  Additionally, the GCG program found that the use of paired girls 

produced favorable results because the girls worked together to create a computer game (Denner, 

Werner, Bean, & Campe, 2005).  However, due to the limited research specifically on this 

intervention strategy in relation to girls and S&E perceptions, its merits cannot be fully 

examined. 

6.1.4. Relationship Building Between Girls 

The STEPS program identified relationship building between girls to be important to the 

design of the program.  Though this specific strategy is not well referenced in the literature, what 
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is referenced is the use and influence of peers on girls’ self-confidence and self-efficacy.  One 

study found that peers can influence the courses a student takes and that girls are less likely to 

take an S&E course due to peer influence (Baker & Leary, 1995).  Additionally, negative peer 

reactions make it more difficult for students of both genders to take classes that are not expected 

for their gender (Beal, 1994).   

One study that examined a life sequence analysis did find that peer influence may be the 

“missing link” for girls and science (Leslie, McClure, & Oaxaca, 1998).  This analysis expands 

upon research done by the American Association of University Women (1991) that found girls 

may set life goals reflective not of what they want but of what others want them to do.  

Conducting a literature search, Leslie, et al, concluded that peer influence before college had the 

most influence on the underrepresentation of women in S&E college courses and careers due to 

the cumulative effect of female behavioral changes beginning in adolescence.28   

Despite the apparent influences that research found regarding peers, it is family and 

school institutions have more effect in building the self-esteem and confidence necessary for 

girls to excel at S&E topics (American Association of University Women, 1991; Zeldin, Britner, 

& Pajares, 2008).  Such information is not to indicate that peers do not have a role in influencing 

girls’ decisions.  One study found that though family appeared to have a greater influence on 

female S&E career decisions, the support of peers did lend support to those women working in 

male-dominated S&E careers (Zeldin, Britner, & Pajares, 2008).  Another early childhood study 

found similar results when looking at peer groups as indicators for children’s change across time.  

Parental or teacher involvement most influenced the students however peer group influences, 

                                                 
28 The authors also noted that a desire to marry, stemming from some of these earlier behavioral changes, was the 
largest indicator for whether a woman chose to pursue and S&E education.  There is a large body of literature on the 
influences that marriage, dating, and self-image have on social constructs of women choosing to pursue an S&E 
degree or career.  Such research is vital and important for life-cycle analysis of this policy problem and for policy 
reform and is part of a much broader policy discussion than that being discussed in this policy analysis. 
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though small, did contribute to behavior change (Kindermann, 2007).  This study, conducted on 

sixth grade students, is important when looking at intervention strategies since, as discussed 

above, it is at this age where the S&E trajectories of boys and girls diverge.   

A regression analysis completed using a variety of variables including GPA, prior science 

experiences, peer influence, and mothers’ attitudes found similar results for girls in rural settings.  

When using preference for science as the dependent variable and GPA and peer influence as the 

dependent, peer influence was shown to be quite influential in the girls’ preferences for science.  

However, when the mothers’ attitudes were added as a third variable, the previous effects were 

diminished and this variable became the only one of significance (Jacobs, Finken, Griffin, & 

Wright, 1998).29 

6.2. Additional Key Strategies for Success 

Literature reviews identify two additional strategies that were not directly identified by 

the two case programs as keys to their success.  These two practices, project-based learning and 

girls-only environments, may provide additional information necessary for the success of 

informal learning environments aimed at increasing girls’ interest in S&E fields.  Further, both 

are in use by the programs though the programs may not view them specifically as key 

intervention strategies. 

6.2.1. Project-Based Learning 

Project-based learning shows participants that S&E fields and classes are tied to things 

that they use and do every day.  This is especially important for girls because research suggests 

that impetuses for girls’ career choices are those careers that affect their world in a positive 

                                                 
29 The role of both parents is significant to the building of self-esteem and confidence of girls.  However, most 
research indicates that the mother’s influence has a greater influence than that of the father.  



manner (Jones, Howe, & Rua, 2000).  Further, these activities more accurately reflect what is 

actually done in the S&E field, making the activities more real-life for the participants. 

Research shows that programs that are more project based, prescriptive than others can be 

more beneficial for girls.  For example, structured approaches set specific, tangible tasks by 

which girls know exactly what needs to be accomplished every class in order to reach the final 

project.  As such, interest and confidence can be continually maintained without feelings of self-

doubt or failure being present (Countryman, Feldman, Kekelis, & Spertus, 2002).  Even those 

programs that are less structured in the daily activities but still have a prescribed program by 

which they methodically progress to allow the girls to reach the final product (Werner, Campe, 

& Denner, 2005). 

This strategy appears to be utilized by both programs, if not identified as a key strategy.  

The Robettes have a very structured approach with a very specific order that assignments must 

be accomplished allowing the girls to methodologically reach a final product.  The STEPS camp 

also uses this approach.  From the airplane lab to the other activities, the programs are very 

structured and the girls all accomplish the goal set at the start of the project.  Such usage of a 

strategy by both programs suggests that this is also a key strategy for the groups though they may 

not fully recognize the benefits that it provides.   

6.2.2. Girls-Only Environments 

The role of a girls-only program environment has mixed findings when reviewing the 

research.  Research indicates that, for those programs only serving girls, the single-gender 

environment was crucial (Liston, Peterson, & Ragan, 2008).  Such research indicates that a 

female staff and curriculum more widely appealed to girls and created positive learning 

environments for female participants. 
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The lack of evaluations regarding gender on informal educational opportunities available 

caused the following sections to examine the literature on co-gender vs. single-gender K-12 

schools.  The author acknowledges that these are different environments and learning structures.  

Despite these differences there are similarities between the two educational structures, namely in 

approaches and teaching strategies that provide comparisons.  Analysis of single-gendered K-12 

classrooms results on influencing girls to pursue S&E education and careers may be able to 

clarify issues concerning single-gender informal educational opportunities.  Such clarification 

will allow for an analysis of the viability of this intervention strategy for single-gendered 

informal educational opportunities.    

Research from the 1980’s and 1990’s found that there were no discernable benefits for 

boys or girls in single-gender classrooms (LePore & Warren, 1997; Lee & Marks, 1992).  

However, recent data on this topic indicates that this may not continue to be the case.  

Participation, by both genders, has been shown to increases along with improved grades for girls 

in single-gendered classrooms (Hughes, 2006-2007).  Further, case studies of single-gender 

classrooms have found that both boys and girls learn and perform better than their peers in co-ed 

classrooms (Gurian, Stevens, & Daniels, 2009).  This follows other studies that have also found 

single-gendered classes achieved higher scores and increased participation for both boys and 

girls (Hoffmann, 2002; Thompson, 2003; Redd, 2008; Rex & Chadwell, 2009).   

The increased grades and participation for single-gendered classrooms appears to also 

have an effect on future career choices.  A longitudinal study conducted examining the 

educational and career attainment of persons born in 1958 found that those girls who attended 

single-gender secondary educational institutions were more likely to receive a degree in a 

40 | P a g e  
 



41 | P a g e  
 

typically male-dominated field (Sullivan, Joshi, & Leonard, 2010).30  Such findings appear to be 

predicated on the fact that success is found most often when such single-gender programs are 

designed with specific goals and unique approaches to teaching that are part of a special set of 

schools instead of a large national network (Baker, Riordan, & Schaub, 1995).   

 

7. Criteria 

A criteria matrix will be used to evaluate the various intervention strategies.  This matrix 

will allow examination of the various strategies against each other and allow recommendations 

to be drawn.  A system of + and – will be used.  When either the literature or the cases provide 

evidence for a particular strategy, a + will be use; strong evidence will receive two +. When there 

is no indication that a particular strategy would be effective, a – will be used. 

Intervention Strategy Literature Cases 
Hands-On Experiences ++ ++ 
Use of Mentors ++* ++ 
Team Approach +/– + 
Relationship-Building – + 
Project-Based Learning + ++ 
Girls-Only Environment +/– + 

 

Hands-On Experiences:  The literature strongly suggests that hands-on experiences are 

an intervention strategy that can help to improve girls’ interest and excitement for science.  The 

wide range of S&E activities that use this, i.e., computer science or robotics, suggests that this 

approach can be incorporated into a variety of informal educational opportunities, not just those 

discussed herein.  Further, both programs highlighted the importance of this for the participants 

and designed activities around this strategy. 

                                                 
30 This study found that there was no significant advantage or disadvantage for boys and that boys were equally as 
likely as girls to have attainment in atypical gender subject areas. 



Use of Mentors:  The literature strongly suggests that that mentors are important to the 

success of informal educational opportunities.  The findings of the literature are mirrored in other 

S&E program assessments.  Further, both programs indentified the mentors to be of the key 

aspects to their strategies.  Not discussed in the literature was whether the mentors had to be 

male or female.  The two examined programs had both genders represented with apparent 

success.  The appropriateness of male vs. female mentors in these programs may not be clearly 

assessed for this strategy and may instead depend on the specific program being developed and 

the age of the girls involved. 

Team Approach:  The literature does not show a strong correlation to this strategy being 

important for increasing female S&E interest due to informal educational opportunities.  There is 

a large body of literature that supports the use of teams in a variety of settings and the 

importance of teams to new S&E innovation and ideas.  However, there is little to no literature 

that supports this as a key intervention strategy for informal learning environments that aim to 

encourage girls to pursue an S&E education or career.  The Robettes do feel that this is an 

important component.  It is possible that this may be a key intervention strategy that has not been 

researched for its potential in this specific area. 

Relationship Building:  The relationship that girls develop with each other in relations to 

their peers as an intervention strategy is not supported by the literature.  Qualitatively, research 

indicates that other relationships are more important for girls, i.e., parents and teachers.  Such 

qualitative research is also backed by quantitative research that found similar results.  Though 

the STEPS program believes that this is one of their keys to success, the research indicates that 

more of a focus on other strategies may be better strategic planning than this particular 

intervention. 
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Project-Based Learning:  There is some literature that suggests that this intervention 

strategy is beneficial to increasing S&E interest though this is not as strongly suggested as 

others.  However, both programs actively use this intervention in their planning though neither 

listed this intervention as a key strategy.  This suggests that project-based learning may be more 

important to a programs’ success than current programs acknowledge. 

Girls-Only Environments:  The literature is quite mixed on the efficacy of Girls-Only vs. 

Co-Ed environments.  Some find that this is vital to the success of girls in these programs 

whereas others find that co-ed programs actually provide greater opportunities for girls.  The 

most compelling longitudinal study that found girls in all-girl environments had a larger 

propensity to pursue more S&E careers indicates that there is some merit to the girls-only 

environment argument.  For STEPS, they specifically structured their camp to be girls-only to 

provide girls with a specific camp experience.  The Robettes come from an all-girls high school.  

They have no option but to be all-girls.  It is for this reason that the case assessment only 

received one +; discussions with a different FIRST® group may have revealed similar results for 

the girls in a co-ed environment. 

 

8. Recommendations 

Based on the analysis of the identified key success strategies of the programs along with 

the analysis from the criteria matrix, recommendations can be made for future local and federal 

educational programs aimed at increasing female S&E participation in informal learning 

environments.  These are to (1) design programs that are hands-on in nature; (2) recruit and train 

mentors to interact with program participants; (3) commission a study regarding when it is most 

appropriate to have all-female mentors; (4) research the ability that team-approaches have to 
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encourage both girls and boys to pursue S&E interests; (5) encourage the use of project-based 

learning programs; and (6) commission a study regarding the validation of single-gender 

programs compared to co-ed groups.  Relationship-building among girls does not appear to be 

strongly correlated to girls’ S&E success; it is not recommended that much time or effort be put 

into building this strategy into informal learning environments. 

8.1. Design Programs that are Hands-On in Nature 

Hands-on activities show great promise to improving girls’ interest in considering S&E 

pursuits.  This recommendation is backed both by strong literature support along with the results 

from the local programs.  STEPS and the Robettes both utilize physical and virtual hands-on 

activities, processes that are both encouraged by hands-on literature.  STEPS view the hands-on 

nature of their program to be key to the girls’ enjoyment of the program and to building their 

S&E skills.  As Kaye Smith commented, when the girls are first introduced to the drill press, 

many ask who will do it for them.  These are the same girls who, at the end of the week, are 

going up to the various power tools and using them will ease and confidence.  Additionally, the 

Robettes also utilize hands-on usage of tools.  A Robettes advisor indicated that part of the 

feeling of success that the girls have at the end of the season was that they physically created and 

programmed the robots themselves with minimal help by the mentors and advisors.  These 

observations, in addition to the strong basis in literature and research, indicate that hands-on 

activities should be key to all programs geared at increasing girl S&E participation. 

There are limitations to this recommendation.  The possibility exists that there could 

become a few girls who become “experts” and then dominate the activity and/or the tools, thus 

preventing all girls from actively participating.  Additionally, programs may go too far and focus 

exclusively on hands-on learning and ignore the basic scientific theories that are the foundation 
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of the program.  STEPS, though hands-on, does have components where the girls do sit in more 

traditional-type classrooms to learn why the science works as it does.  This is then followed by 

hands-on workshops to reinforce what they have learned.  Without the classroom learning, a vital 

piece of the learning process may be ignored.  Further, programs may discount other effective 

strategies for their programs by focusing solely on hands-on learning.  It is important that 

programs look at all strategies and incorporate those that work for them, not just a focusing on 

hands-on. 

8.2. Recruit and Train Mentors to Interact with Program Participants  

Mentor use is a very important intervention strategy for successful S&E programs aimed 

at girls.  Not only do girls get real-life stories and support, they are also able to interact with the 

people who actually are performing the science in the “real world,” thus dispelling the myth that 

many girls have of the crazy mad scientist.  Such a recommendation is supported both by the 

literature and a review of the cases.  STEPS advisors and surveyed past participants all 

commented on the impact that the mentors had on their experience, enjoyment, and future career 

decisions.  The Robettes also utilized and valued the mentors in their program.  The girls were 

able to discuss their robot design ideas with professionals who worked with design issues every 

day.  In this way, the girls not only were able to build upon their ideas but also learn where the 

design flaws were located.  The Robettes participants were also able to build a network of 

professionals around their mentors.  Ms. Knatterud indicated that more than one girl had 

conducted informational interviews post-Robettes with a mentor, resulting in some obtaining 

summer internships and others obtaining educational/career advice.  These experiences by 

program participants in addition to the strong support in literature suggests that recruiting and 

training professionals to be mentors for female S&E informal learning opportunities can have a 
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varied and positive impact on program participants.  Such an impact, both in the programs and 

the literature, has been shown to increase female interest and participation in further S&E 

education and careers.  It is therefore recommended that mentoring be a strategy for all S&E 

informal learning activities.    

A limitation to this recommendation is that the mentors may not in fact function as 

“mentors.”  Instead of letting the students discuss their ideas and guiding them, the mentors may 

take over the discovery process and simply tell the students what to do.  This was found in the 

Robettes where the students commented after the last season that they felt the mentors made 

more design decisions for them instead of letting the girls work out their own design.  Such 

actions may be from the mentors being excited about the projects or that they have had no 

experience teaching and/or working with youth.  Care must be taken when recruiting and training 

these mentors to ensure that they actually mentor the girls instead of telling them what to do. 

8.3. Commission Study Regarding Best Usage of Mentors 

The two reviewed case programs used gendered mentors in very different ways.  STEPS’ 

counselors were very emphatic that having female mentors/counselors was vital to the success of 

their program.  Further, they had specifically refrained from having male mentors after they 

determined that the female campers were unable to relate to them as well as to female mentors.  

Conversely, the Robettes welcomed the male mentors because of their real-world expertise that 

they were able to bring to the projects.  What is not supported, or even discussed, in the literature 

is when and if it is appropriate to have all-female mentors vs. co-ed or male mentors.  Based on a 

review of the cases, each view the importance of the gender of the mentor differently.   

A review of literature regarding the appropriateness of different gendered mentors for 

different situations and/or age groups found no references.  The diversity in usage of male and 
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female mentors within these groups warrants more study and research.  Mentors are increasing 

being utilized in informal learning environments.  It is therefore vital that those programs use the 

mentors to most benefit program participant.  A study is vital to research when and at what age it 

is important to have female-only mentors for informal learning environments for girls.  If the 

study finds that gender is not important, such a finding would benefit those programs that 

currently use female-only mentors to recruit the most qualified mentors possible for their 

program regardless of gender. 

Research concerning attitude changes resulting from mentor relationships should be 

conducted particularly regarding intensity of the mentor involvement in the programs.  This topic 

is important for understanding the role that mentors play in the long-term success of students.  

There is a difference between someone who comes in and runs a one-day workshop compared to 

someone who donates their time two days a week for 3 months.  Better understanding this 

relationship will be able to help guide programs in determining not only which mentor is best for 

that particular program but also for determining whether the outcomes they hope to achieve via 

mentor participation is actually possible within the planning of that particular program. 

A limitation to this recommendation is that informal learning opportunities vary greatly 

both in number and usage of mentors.  The types of programs may be more indicative of the type 

of mentor used than other programs.  Care must be taken when reviewing the various options to 

clearly identify what the finding is being based on.  For example, a study that finds girls ageg 13 

and younger doing XYZ activities should have all female-mentors must not automatically be 

applied to a program of 16-year-old girls doing ABC activities.  The research will be helpful as a 

guide but it must not be taken as a rule for all programs.  It is still incumbent on individual 

programs to assess the needs of their participants and train mentors according to their needs. 
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8.4. Research Ability that Team-Approaches have on S&E Participation 

Team-approaches have been seen to be quite effective in a variety of situations.  

Anecdotal evidence indicates that this may also be true specifically for S&E programs aimed 

specifically for girls.  The Robettes program is very emphatic that this is important to the success 

of their program because it provide a collegial atmosphere for the participants that enable 

learning.  However, there is no specific research or evaluations looking at this strategy in 

programs.  As such, a recommendation may not be made to implement this intervention strategy 

into all programs.  Due to the vast body of literature regarding team-approaches to problems 

solving and group dynamics, it is tempting to draw similar positive conclusions of informal S&E 

opportunities.  It is therefore recommended that there should be additional research into this area 

to determine whether this could become a key intervention strategy.  Additionally, it is 

recommended that such research attempt to distinguish between those programs such as STEPS 

that is a learning environment focused on exposing girls the fun and excitement of S&E 

compared to the Robettes, which are a competitive S&E group.  One could hypothesize that a 

team-approach is appropriate for one but not the other.  This leads to this recommendation being 

important not just to determine the veracity of team-approaches in informal educational settings 

but also in which settings it is most beneficial. 

A negative side effect of this recommendation is that individual learning may suffer.  

Discussions above indicate that innovation improves when scientists and engineers work within 

teams.  However, the interests must be grounded in learning and exploring experiences, i.e., as 

seen in the benefits of hands-on learning.  A single focus on team activities may decrease 

individual creativity.  Additionally, this approach may require more work and facilitation to 
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make the program a success.  This requires that the research be very specific in the benefits of a 

team-approach but not diminish the benefits of individual learning also. 

8.5. Encourage the Use of Project-Based Learning Programs 

Project-based learning has a large body of research, along with the cases, to support 

recommending that this be implemented into informal S&E educational opportunities.  This 

activity has been shown to increase female S&E self-confidence.  STEPS has found, especially 

during their airplane build, that the participants gain confidence not only in their understanding 

of S&E issues but also in their confidence to successfully complete an S&E project.  As noted by 

camp director Dr. Kaye Smith, one STEPS alumni has commented that she has her model 

airplane hanging in her dorm room at college because it was (a) fun to build and (b) a reminder 

that she was able to build such a project.  Similar findings of self-confidence are found among 

the Robettes, with the girls finding satisfaction in being able to not only successfully complete 

their projects but also compete with their robot at the national competition. Such self-confidence 

is important to girls continuing to pursue S&E interests.  This strategy can help girls gain the 

confidence to believe that they can “do” science and continue to seek out opportunities that allow 

them to pursue this interest.  The strategy also shows girls how to learn and that discovery is 

important; they are not simply taught concepts.  It should therefore be encouraged in all feasible 

programs. 

The limitation to this strategy is that it could become very time intensive.  Each 

individual student learns differently and therefore needs different help and guidance form 

instructors.  A program with many children may not be able to implement such a strategy as 

easily as smaller-sized programs.  The current usage of this style by the two programs is almost 

an unconscious practice.  If it were to become more of a focus, it could lead to frustration by 
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some girls who may enjoy simply being around others in a learning environment since it is 

possible that the students would have to provide more initiative to finish projects.  If students get 

frustrated, the chances of them leaving the program increase.  It is therefore important that the 

programs balance the fun and excitement of the program with the learning strategy to continually 

engage the students while also allowing them to learn. 

8.6. Commission Study Regarding Validation of Single-Gender vs. Co-Ed 

Programs 

The efficacy of single-gender or co-ed programs cannot be determined.  The literature 

differs greatly on this topic with evidence to support both.  Programs that are single-gender 

usually are done so specifically to provide such environments and the program directors are able 

to provide anecdotal evidence to support this structure.  This is true especially for STEPS.  This 

program exists specifically to change girls’ interest and attitudes towards science.  The result is 

ideally alumnae deciding to continue to pursue additional S&E education and careers.  However, 

there is reputable literature that suggests that such single-gender programs do not produce any 

more benefit to participants than co-ed programs.  It is therefore important for some reputable 

research agency or organization, such as the American Association of University Women or the 

National Science Foundation, to help fund or conduct a study to evaluate the efficacy of single-

gender or co-ed informal educational opportunities.  This intervention strategy is being used by 

many organizations with the belief that this is a key to success.  The research must be conducted 

to ensure that these programs are truly using the best intervention strategy for their participants. 

A key limitation to this is that there are very different and diverse programs that could be 

examined ranging from formal education to after school to summer camps.  For purposes of this 

research, it would be most beneficial to know the results for informal educational opportunities.  
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Additionally, results may be different for different age groups.  As discussed above, male and 

female interest in science is equal during the elementary years and does not change significantly 

until the middle school years.  It is possible that single-gender may be appropriate for one group 

but not others.  If the research did not specify exactly from what groups the findings were 

derived, groups may implement gendered programs that are not right for their participants. 

8.7. Limitations to All Recommendations 

There are two overriding limitations to all the recommendations:  cost and staff.  Every 

recommendation will most likely require additional money to implement whether that is 

additional training for mentors or additional supplies for programs.  Additionally, there is a 

greater need for staff supervision of the programs leading to higher expenditures on training.  

Smaller, less well funded programs may not be able to implement these recommendations due to 

these limitations.   

 

9. Current State of Women in the Workforce 

To understand why key intervention strategies of informal educational S&E opportunities 

are important to examine at Visitation Academy or St. Thomas, it is important to understand the 

current status of women in the S&E education institutions and workforce.  The current 

underrepresentation of women continues to be seen in various fields with no indication that such 

disparities will be resolved in any foreseeable future without either intervention measures or 

changes to the current U.S. educational system.  Interventions such as those seen in the programs 

may have the effect of combating such disparity of numbers and creating more parity for women 

in S&E occupations. 
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9.1. Advanced Degree Attainment for Women 

Women are attaining Bachelor’s degrees in greater numbers than men.  Since 2002, 58% 

of all bachelor degrees have been awarded to women.  Despite these high numbers there are 

disparities within S&E degrees.  Based on the 2007 numbers, men continue to earn more 

bachelor degrees in engineering (81%), computer sciences (81%), and physics (79%).  Women 

are awarded more bachelor degrees in psychology (77%), biological sciences (60%), and the 

social sciences (54%).  Agricultural sciences and chemistry see men and women equally earning 

50% of all bachelor degrees, increases from 1993 numbers of 37% and 41% respectively 

(National Science Board, 2010).  However, degrees for women in computer sciences, 

mathematics, and engineering have declined in recent years. 

Figure 131 

 

                                                 
31 Data extrapolated from information in the Science and Engineering Indicators 2010. 
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Table 3 below illustrates the trends in S&E degrees for both men and women from 1993 

and 2007.  Women improved the percentage of degrees for all areas except mathematics and 

computer sciences.  Though women improved their percentage of engineering degrees during 

this time period, the increase was only from 15.9% to 18.5%, representing a large disparity in 

numbers between women and men degree holders.  Such information indicates that women are 

underrepresented in all the examined S&E fields with the exception of Biological/Agricultural 

Sciences, Psychology, and the Social Sciences.  Such disparity in numbers helps to explain the 

reason for the federal government’s desire to increase the number of women and girls pursuing 

S&E educational and career opportunities. 

Table 332 

Percentage of Bachelor Degrees by Gender from 1993 and 2007 

  Physical 
Sciences 

Biological/ 
Agricultural 

Sciences 

Mathematics Computer 
Sciences 

Psychology Social 
Sciences 

Engineering

1993        
Men 67.10 51.10 52.90 71.70 26.80 51.80 84.10 

Women  32.90 48.90 47.10 28.30 73.20 48.20 15.90 
2007        
Men 58.90 41.40 56.10 81.40 22.60 46.20 81.50 

Women 41.10 58.60 43.90 18.60 77.40 53.80 18.50 
+/- 

Change 
for 

Women 

+8.20 +9.70 -3.20 -9.70 +4.20 +5.60 +2.60 

 

9.2. Women in the S&E Workforce 

Based on the above definition of “underrepresentation,” those instances where women do 

not make up 50% of the participants in the S&E sector being discussed, it can be deduced that 

there is a current underrepresentation of women in the certain areas of the S&E workforce as 

                                                 
32 Data extrapolated from information in the Science and Engineering Indicators 2010. 
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compared to the entire U.S. job sector.  Women contribute one-fourth (26%) of the college-

educated workforce in S&E occupations and two-fifths (40%) of those with S&E degrees in 

2006 (National Science Board, 2010).  Further, data from 1980 to 2007 shows the number of 

women in S&E occupations rising from 12% to 27%.  As seen in Figure 2, women are 

underrepresented in the workforce in all categories except the social sciences. 

Figure 233 

 

Some of the disparity in the number of women vs. men may be explained by the decision 

by women to proceed to graduate school after receiving their undergraduate degree.  Forty-three 

percent of graduate students in 1993 were female compared to 50% in 2006.  There are still large 

disparities within the 50% in graduate school both for men and women.  Women are 

overrepresented in psychology (76%), medical/other life sciences (78%), biological sciences 

                                                 
33 Data extrapolated from information in the Science and Engineering Indicators 2010. 



(56%), and social sciences (54%), leading to disparity of number for men.  Disparities for 

women exist in computer sciences (25%), engineering (23%), and physics (20%), though these 

numbers are slightly higher than those in 1993 (23%, 15%, and 14%, respectively) (National 

Science Board, 2010).   

Other causes for the disparity in number may be social influences.  One explanation that 

is commonly referenced is the leaky science pipeline whereby along the educational trajectory 

women, for a variety of reasons, decide to not pursue S&E educational or career opportunities 

(Alper & Gibbons, 1993; Blickenstaff, 2005; Eccles, 2007).  Further, some research argues that 

there is a stereotype threat that teaches women that science is “just for boys” and that they cannot 

do as well as their male counterparts causing them to not pursue an S&E education (Barber, 

1995; Huguet & Régner, 2009).  Additionally, research into life course theory has found that 

married women and women with children are less likely to work in S&E careers, concluding that 

gender segregation in various majors (i.e., fewer women in engineering but more in biology) 

along with familial roles has negative effects on women’s S&E career progressions (Xie & 

Shauman, 2003).  This finding is similar to another that found women with children in 

mathematical occupations were penalized during promotions, concluding that both free and 

constrained choices contribute heavily to women’s choices to pursue S&E careers (Ceci, 

Williams, & Barnett, 2009). 

9.3. The Need for Women in Science and Engineering Job Sectors 

The National Science Foundation 2010 Science and Engineering Indicators show that 

S&E employment grew at an average annual rate of 6.2% between 1950 and 2007 compared to 

1.6% for the rest of the workforce (National Science Board, 2010).  The projections for job 

growth through 2016 show that the demand for S&E employees is expected to increase.  As seen 
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by Figure 1, there is an estimated 21.4% increase by 2016 compared to only a 10.4% projected 

growth in employment for all occupations.  Such projections indicate not only an increased 

demand for qualified S&E workers but also an ideal opportunity for increased diversity in the 

workplace.  Discussed above, gender diversity improves overall productivity and business 

revenue.  Policy implementation that specifically targets filling the new S&E jobs with female 

employees will not only lead to diversity but also economic benefits for the workers, business, 

and economic viability of the U.S.  Further, “blind spots” associated with a lack of diversity may 

be eliminated through Page’s Diversity Trumps Ability Theorem whereby multiple perspectives 

produce better end results. 

Figure 334 

 

                                                 
34 Created from Science and Engineering Indicators 2010. 
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S&E growth has direct effects on U.S. economic viability.  According to economist 

Robert Solow’s seminal work, more than 50 percent of economic growth can be explained by 

technological innovation (Solow, 1957).  Such a finding is corroborated in research by Edwin 

Mansfield who found a close relationship between university research and manufacturing 

industries.  Eleven percent of new products and nine percent of new processes were developed 

over a ten-year period specifically due to the academic research that had been completed 

(Mansfield, 1991).  Paul Romer attributes the economic prosperity of the U.S. compared to the 

United Kingdom and Sweden as due to the technological advances made in the U.S. during the 

20th century (Romer, 2000).  Further, one analysis estimated that every engineering job created in 

the U.S. creates an additional five to six jobs (Trevey, 2008).   

Projections for the S&E sector show continued growth.  U.S. Department of Labor 2018 

projections indicate that nine of the ten fastest growing occupations will require at least a 

bachelor S&E degree (Hill, Corbett, & St. Rose, 2010).  However, there must be workers to fill 

such positions.  A survey of software products found that 40% had been cancelled due to a lack 

of skilled labor and another 35% had serious problems due to the lack of labor.  As such, the 

U.S. has lost over $3 Billion in the Silicon Valley alone due to S&E labor shortages (Margolis & 

Fisher, 2002).  Shortages such as these indicate that growing the S&E sectors can have positive 

effects on the overall state of the U.S. economy by not only increasing the total number of jobs 

but also adding revenue.   

 

10. Conclusions on Success of Intervention Strategies on Federal Program 

Federal endeavors such as the Educate to Innovate campaign are attempting to solve the 

problem of low numbers of female participants in S&E fields.  Encouraging women and girls to 
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participate in informal educational opportunities is one way to raise these numbers.  However, 

those opportunities must be evidence based with strategies shown to be successful.  

Implementation of the above six recommendations have the potential to increase female interest 

in S&E fields and therefore increase their interest in S&E opportunities.  Creation of 

opportunities is not enough.  There must first be the interest among the women and girls.  These 

recommendations will provide that interest that will then cause women and girls to take 

advantage of the increased opportunities provided by federal programs and campaigns.  This will 

in turn provide more women to enter the S&E workplace, filling needed roles and adding to the 

technological innovation of the U.S. 

 



11. Appendix 1 – Additional Educate to Innovate Initiatives 

Since the Educate to Innovate campaign was announced, President Obama announced an 

additional seven initiatives, two of which are considered “related”.  Further, President Obama 

emphasized the importance of teacher quality, stating, “The quality of math and science teachers 

is the most important single factor influencing whether students will succeed or fail in science, 

technology, engineering and math.”  As such, the additional seven initiatives are attempting to 

“innovative new ways to recruit, train, reward, and retain teachers 

(http://www.whitehouse.gov/category/issue-tag/technology?page=7).”  

1. Intel’s Science and Math Teachers Initiative:  This initiative is a ten-year, $200 million cash 

and in-kind campaign supporting teaching in math and science.  Specifically, Intel will 

provide training to more than 100,000 U.S. math and science teachers, with elementary 

school teachers participating in an intensive 80-hour professional development math course.  

Teachers will new web-based instruction and collaboration tools with targeted professional 

development for science teachers.  The training is currently available to teachers in four 

states but will be available to school districts in all 50 states at no cost to the teachers.  Intel 

has also committed 100,000 annual volunteer hours by employees with an emphasis on 

improving STEM education, while also maintaining its support for the Intel Science Search 

and the Intel Science Fair, which reach 600,000 students per year. 

2. Expansion of the National Math and Science Initiative’s UTeach Program:  The National 

Math and Science Initiative (NMSI) will facilitate an expansion of the “UTeach” program by 

organizing partnerships between companies, foundations, states and federal agencies.  The 

UTeach program prepares more than 4,500 undergraduates in STEM subjects to be new math 

and science teachers by 2015, and 7,000 by 2018.  Such a commitment is hoped to improve 
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the education of more than 1 million students by 2017 and more than 20 million during the 

course of these new teachers’ careers.  The UTeach allows science and math undergraduates 

to concurrently receive a teaching certificate with the underlying assumption being that the 

teachers will have a greater content expertise. Statistics for the program show that 92% of the 

graduates become teachers with a five-year retention rate of 82%.  Partner investment of 

$13.5 million will expand the program from 14 to 20 while also providing for an alumni 

network to be created.   

3. Public University Presidents Commit to Train 10,000 Math and Science Teachers Annually 

by 2015:  The presidents of more than 75 major public universities are committing to 

collectively prepare 10,000 science and math teachers annually by 2015.  The Association of 

Public and Land-grant Universities who participate in the Science and Mathematics Teacher 

Imperative currently only produce 7,500 teachers annually.  The commitment provides for a 

University-led initiative that will assess program with a proven track record of success to 

scale them for the increased numbers while also innovated to create new preparation models 

in cooperation with states to address teacher shortages.   

4. The PBS Innovative Educators Challenge:  PBS and its 356 partner stations, along with the 

National Science Teachers Association, will launch a multi-year STEM initiative to expand 

the PBS teacher community.  The partnership will also provide a platform for sharing 

effective teaching practices.  A new annual competition, the “Innovative Educators 

Challenge,” will highlight 50 outstanding teachers each year with their teaching methods 

collected as part of the Digital Learning Library to create an effective sharing platform.   

5. Woodrow Wilson Teaching Fellowships in Math and Science:  The Woodrow Wilson 

National Fellowship Foundation will expand its current program to provide future math and 
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science teachers with a Master’s degree in education.  The Foundation will also place the 

teacher in difficult-to-staff middle and high schools, using a model similar to Teaching 

Residency Programs.  The program will have more than $40 million in public and private 

funding and will be focused on the states of Michigan, Ohio, and Indiana.  This program 

aims to train 120 math and science teachers per year in Michigan and 700 over the next three 

years in Indiana, Michigan, and Ohio.  This program will affect an estimated 87,500 students. 

 

Related Initiatives 

1. NASA’s “Summer of Innovation” Enrichment Program: NASA, in partnership with 

companies, non-profits, and states, will launch a pilot program to substantially enhance 

STEM learning opportunities for students during the summer, with an emphasis on 

broadening participation of underrepresented groups. Through competitive grants to states, 

NASA will use its substantial STEM assets – including the more than 11,000 NASA 

scientists and engineers – to create multi-week summer learning programs (a blend of 

classroom time, camp programs, internships, and mentoring), that will help thousands of 

teachers and students in the first year.  The program will culminate in a national event, in 

partnership with other departments and agencies. 

2. Department of Education’s Teacher Initiatives: The U.S. Department of Education will 

award an additional $100 million under the Teacher Quality Partnership program to improve 

the recruitment, preparation, and licensure of teachers in high-need school districts.  An 

additional $200 million will be committed for this year to pursuing effective performance-

pay models and approaches to supporting and rewarding teachers in high-need schools.  The 

American Recovery and Reinvestment Act support these efforts.  In addition, the Secretary 
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of Education Arne Duncan will lead an effort to raise the profile of the teaching profession 

and to recruit teachers in areas of key shortages including math and science.  



12. Appendix 2 – STEPS Calendar of Events 
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