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The Effectiveness of a Multi-Year Engineering Enrichment Program            

for Middle School Girls – Research to Practice 

 

Abstract 

Prior research comparing aspects of single-gender (female-only & male-only) summer 

enrichment programs to equivalent mixed-gender programs found female-only programs to be 

effective in educating young girls about engineering, positively influencing their perceptions of 

engineers and attitudes toward engineering as a career. A more recent examination of gains in 

content knowledge, self-efficacy, beliefs about gender equity and qualitative perceptions of 

engineers using the Middle School Attitudes toward Engineering, Knowledge of Engineering 

Careers Survey and the Draw an Engineer Test in equivalent post-4th grade, 2015 summer 

programs found significantly positive results: females in the single-gender program showed 

greater improvement in engineering content knowledge than females in a mixed-gender program, 

as well as significant increases in self-efficacy and perceptions that women can be engineers. 

Each program accepts 25 students, with priority given to returning students. A follow-up study 

was conducted during the summer of 2016 to determine if changes in girls’ attitudes towards 

engineering, perceptions of engineers and gains in content knowledge were sustained. A majority 

of the students who participated during 2015 returned for the post-5th grade program in 2016 

with 50% more new students. Comparisons amongst the 2016 mixed- and single-gender 

programs and between the 2015 and 2016 programs showed sustained effects for returning 

students, especially girls, and a greater 2016 impact for girls who participated in the 2015 single-

gender program. A third year follow-up was conducted during the summer of 2017. Of the 25 

girls who participated in the post-6th grade program, 10 of them had previously attended the 

post-4th grade and post 5th grade programs during the summers of 2015 and 2016 respectively. 

An additional 5 girls attended the post 5th grade program during the summer of 2016. In addition 

to repeating the same follow-up evaluation(s) performed in 2016, with further positive results, 

parents of returning students were asked to respond to a survey regarding their child’s school 

performance and interest in a STEM career.  Eighty-three percent of the parents whose daughter 

had previously attended the female-only program for either one or two summers reported that her 

grades in mathematics and science had improved and 96% reported that she had expressed an 

interest in further STEM studies since attending the previous summer.   

Introduction 

The Bureau of Labor Statistics reported that the demand for more engineers in the workforce is 

growing at a rate faster than the overall workforce, requiring at least a half a million more 

engineers by the year 2022 [2]. In addition, the progressive retirement of the baby boomer 

generation will result in the loss of just as many engineers, creating a need for more than a 

million engineers to enter our workforce in the next five years [1]. Unfortunately, not enough 

students are entering engineering programs in college and thus are not pursuing careers in 

engineering [7-8]. Two of the more critical reasons for this are the absence of engineering topics 

in K-12 science, technology and mathematics curriculum [9-13] and the chronic 

underrepresentation of women [8,14-17] and minorities [8,17-18].  



The Need for Effective STEM Education: Too many students lack an interest in engineering, 

due in part to a general lack of public knowledge about what engineering is and what engineers 

actually do [19], but more critically, the lack of truly integrated Science, Technology, 

Engineering and Mathematics (STEM) curriculum [12-13, 20-21] in K-12 classroom instruction. 

Unfortunately, a majority of teachers are ill-prepared to present what engineering curriculum 

they may have in their classroom [22-23]. As a result, most K-12 students do not experience 

practical applications of engineering and are not able to make the connection between 

mathematics, science and engineering in the real world [24-25].  

Proper academic preparation for college should begin as early as middle school, if not the late 

elementary grades [7] particularly if students are to be prepared to enter programs in STEM [9-

12, 26-27]. In addition to not receiving the appropriate instruction within their school, most 

students are not properly advised as to how to prepare for careers in STEM, particularly 

engineering [24]. Middle school students, who do not learn about the benefits of becoming an 

engineer, never consider studying engineering and are therefore not motivated to prepare 

academically to enter engineering programs in college [25], and are often unsuccessful if they 

develop an interest in engineering in their later high school years [28].   

Participation in STEM programs outside of regular classroom instruction, such as the Early 

College Preparatory Programs offered by the Center for Pre-College Programs at New Institute 

of Technology [10, 13, 29] during the summer, can be extremely effective in informing students 

about career options in STEM, particularly engineering [19], increasing their interest in STEM 

related studies. In turn, increased interest motivates students to seek academic advice which 

helps ensure they receive the preparation required to enter STEM programs in college [29-30].  

The Underrepresentation of Women and Minorities: Women occupy nearly half the United 

States workforce but less than 25% of the STEM workforce [13, 17]. Less than 15% of engineers 

are women [8, 16]. The majority of STEM professionals in the US are Caucasian (75%) and 

approximately 15% are Asian. The remaining 10% are; 3% black, 4% Hispanic and 3% all 

others. Less than 10% are minority women [31].  

High school graduation rates are increasing with a nationwide graduate rate of 78% [32] but 

college enrollment rates have fallen, especially for low-income and minority students [33]. And 

although more than half of college degrees are awarded to women the majority of the degrees in 

STEM fields, particularly engineering, are earned by men [2, 8]. If women pursued careers in 

engineering at the same rate as men, the current and impending shortage of engineers in the US 

workforce would not be nearly as critical [34-36]. Considerable effort has focused on increasing 

the participation of women in all the STEM fields with much less success in engineering [21, 29, 

35]. There has been considerable increase in the number of women pursuing careers in 

mathematics and science, but engineering remains a male dominated occupation [2]. Women 

find the work environment in engineering unwelcoming [36], inconsistent with their values [37], 

and do not necessarily see the societal benefits of engineering [38].  

Hispanics are the nation’s largest minority group with a lower high school graduation rate of 

approximately 70% [32, 39]. The graduation rate for African American students is even lower, 

approximately 66% [32, 35]. Overall college enrollment rates decreased from 69% to 66% 

between 2008 and 2013 with an estimate of only 46% for low-income students [32]. Because 

high proportions of Hispanic and African American girls come from low-income backgrounds 

the college enrollment rate for those who graduate from high school are significantly lower than 



for other girls, particularly Caucasians [39-40]. High proportions of African American girls 

attend schools without quality resources or extracurricular activities and have limited 

opportunities to enroll in STEM courses or STEM-related activities [40]. Hispanic girls face the 

same low-income hurdles and are often placed in remedial classes because English is not their 

primary language [39]. All limiting the number of women entering engineering programs in 

college or careers in engineering.       

Background on Single Gender Education  

Single-gender education was originally intended for affluent students, mostly boys, but by the 

1970’s educators began to offer the same educational options for girls due primarily to the 

developing gender gap between the academic achievement of boys and girls [41]. Considerable 

research exists describing the many benefits of single-gender education for girls, signifying 

increased confidence, being more likely to ask questions, and maintaining behaviors that tend to 

disappear due to male dominance in the classroom [42]. Studies of student behavior(s) and 

student-teacher interactions in co-educational classrooms document teachers’ differential 

treatment of boys and girls, for example, being more tolerant of boys’ disruptive behavior and 

encouraging boys to solve problems on their own while helping girls who have trouble or 

adjusting their teaching strategies to accommodate typical male traits [43-44], further suggesting 

the benefits of single-gender education. 

Single-gender research focused on boys has found the climate in all-male classrooms to be much 

different than that in all-female classrooms [45-46]. The increased use of technology, more 

opportunities for physical activity, the presence of male role models in the classroom and the 

altering of teachers’ instructional methodology to accommodate maleness have all been found to 

be beneficial for boys’ learning [47-48].  

In contrast, there is a substantial amount of literature summarizing investigations of single-

gender education that suggests otherwise [41]. Much of the research is not rigorous or 

scientifically based, and tends to focus on private and Catholic schools where subjects are 

basically self-selected [41] and provide no strong conclusions supporting or dismissing the 

overall benefits [49]. Researchers have begun to recommend that there should be a clear 

rationale with specific goals for single-gender education [50-52]. Summer enrichment programs 

like the Women in Technology Initiative, designed with the goal to increase the number of 

women interested in engineering and other technological careers in an atmosphere free from 

male dominance are consistent with this recommendation [53-55] and findings that single-gender 

learning experiences increase girls’ self-esteem and broadens their career aspirations [56-57].    

Woman in Engineering Initiative 

Middle school is an important time for students to begin thinking about future careers, and 

research has found that many students form opinions about the career paths they will take as 

early as 13 [58-59]. Because boys and girls do not differ much in academic abilities or in their 

interest in STEM subjects until their high school years but rather in their attitudes toward 

technological careers like engineering [60-61] it is especially important for girls [62-64]. 

Unfortunately girls begin to develop negative attitudes toward STEM subjects in the later middle 

school and high school years [62-64], particularly when it comes to engineering. By the latter 

middle school years, girls start underestimating their own technical abilities and begin to place 

more importance on being popular rather than academic performance [37, 60, 62, 65-66]. During 

high school they enroll in fewer mathematics and science courses, and thus lack the background 



needed to enroll in college STEM programs [62, 66-69]. Early intervention is needed to address 

this problem because once students, particularly females, reach college; it is too late to prepare 

[62, 69-71].   

In response to this, considerable research has found that providing young girls with a positive 

STEM-related experience in middle school, before they develop negative attitudes or lose 

interest, can have a positive influence on their interest level and intent to pursue studies in STEM 

[19, 55, 72-78]. While increased interest and positive attitudes are beneficial to learning [79], 

very little research exists demonstrating the long-term effects of these experiences in terms of 

college attainment and career paths [80].   

Women prefer careers in which they can make a difference in the world [81] and historically 

women have not seen that engineers and developments in engineering improve our lives [82] or 

make a difference in the world [83]. The public face of engineering is male dominated [84] and 

masculine [85]. Young girls need to learn the importance of engineering and that women can be 

just as effective and successful in an engineering career as men. Self-efficacy is important in all 

pursuits [86], but especially important for women to persist in engineering [87-88]. Young girls 

need to develop an engineering identity if they are to feel a sense of belonging and success in 

pursuing a career in engineering [89], and the earlier the better [19, 60, 62, 72, 87-88].   

The Woman in Engineering Initiative in the Center for Pre-College Programs, which is still 

called FEMME for the original name, “Females in Engineering: Methods, Motivation and 

Experiences”, was designed specifically for young girls in an effort to increase the number of 

women interested in engineering and other technological careers. Although research on the 

benefits and relative effectiveness of single-gender education remains inconclusive, considerable 

research does describe many benefits of single-gender education for girls in addition to improved 

academic performance, including increased confidence and self-efficacy, being more likely to 

ask questions, and maintaining behaviors that tend to disappear due to male dominance in the 

classroom [90]. In the absences of truly integrated STEM curriculum in K-12 classrooms through 

which girls learn the importance of engineering and its relevance to the world around them, 

considerable efforts have been made to introduce them to engineering through outreach 

programs, after school programs or clubs and summer camps [19, 38, 75, 77-78, 83], but many of 

these efforts are short-term, lasting only a day, perhaps a week [73].  

The FEMME programs runs five days a week, 9:00 a.m. to 3:30 p.m. Monday through Friday for 

four weeks during the month of July. Girls can begin attending the FEMME Program during the 

summer after 4th grade, and return in subsequent summers through 9th grade. Each grade level 

from 4th through 9th grade focuses on a different field of engineering as follows: 

FEMME 4: Environmental Science and Engineering - designed to provide post-fourth grade 

girls with an introduction to Environmental Science and Engineering.   

FEMME 5: Aeronautical Engineering - designed to provide post-fifth grade girls with an 

introduction to Aeronautical Engineering. 

FEMME 6: Mechanical Engineering - designed to provide post-sixth grade girls with an 

introduction to Mechanical Engineering.  

FEMME 7: Chemical Engineering - designed to introduce post-seventh grade girls to 

Chemistry and Chemical Engineering principles and to learn how chemical engineers create 

better ways of doing things and find the best possible way to manufacture products.   



FEMME 8: Biomedical Engineering Program - designed to provide post-eighth grade girls 

with an introduction to Biomedical Engineering, a discipline that integrates the engineering 

sciences with the biomedical science and clinical practices.   

FEMME 9: Computer Coding: - designed to provide post-ninth grade girls with an 

introduction to computer coding and computer engineering. 

Continued participation in FEMME allows girls to form relationships and feel they are part of a 

community. Research on girls in engineering has found that social support of this type is 

important if they are to persist [37, 91]. Through integrated STEM curriculum that focuses on 

applications of engineering, as recommended in the Next Generation Science Standards (NGSS) 

[92], girls learn about the importance of engineering and how it relates to everyday life. The girls 

also visit research laboratories and manufacturing facilities where they meet women engineers 

and learn first-hand about their careers in engineering. Having female role models in the 

classroom and interacting with female engineers in the field are also consistent with factors that 

lead to persistence [38, 77, 91].   

Summary of Evaluations to Date 

Early evaluations of the FEMME program(s) were positive and mostly formative in nature [93-

94]. Subsequent evaluations were more quantitative and continued to yield positive results [95-

96]. More recent evaluations were developed to be more rigorous and found that girls who 

participated in FEMME had significantly more positive attitudes toward STEM, particularly 

engineering, significantly more knowledge about careers in engineering and what engineers 

actually do compared to other students from similar backgrounds [97-100]. Recent, more 

qualitative evaluations using the Draw an Engineer test to examine girls’ perceptions of 

engineers including gender attributions and their own self-efficacy have found interesting and 

positive results [101-102]. 

The Early College Preparatory Programs also offers mixed-gender programs equivalent to the 

FEMME programs which until recently meant that approximately 70% of the students accepted 

into our summer enrichment programs were female. Marked increases in applications from 

elementary and middle school boys in varying degrees prompted the addition of some all-male 

programs each summer. The mixed-gender and single-gender programs (male-only and female-

only) within a grade level are identical with respect to curriculum, field trips, classroom activities 

and teachers. Different subjects or activities are taught by different teachers such that teachers 

rotate what they teach through each of the programs (i.e. communications, engineering, 

computers, science and mathematics).  

Comparisons among female-only (FEMME), male-only and mixed-gender programs, 2012: 
The first summer that all three gender-grouped programs were offered was 2012 for post 4th and 

5th graders. A semi-qualitative and objective evaluation examined differences in classroom 

climate, changes in students’ attitudes toward STEM, increases in content knowledge, changes in 

students’ perceptions of what engineers actually do and their gender attributions.  During the 

programs the teachers were interviewed to collect qualitative information about differences in 

classroom climate and student behavior among the three types of programs (female-only, male-

only and mixed-gender). Of particular interest were student interactions during the engineering 

classes and activities. Students’ attitudes toward STEM and knowledge of careers in engineering 

were measured using the Middle School Attitudes to Mathematics, Science and Engineering 

Survey developed and validated by Center for Pre-College Programs staff and used extensively 



to evaluate program effectiveness [103]. The Draw an Engineering Test [104] was used to 

measures students’ perceptions of engineers, including gender identity and what they actually 

think engineers do. Studying students’ spontaneous drawings of engineers is very informative 

and can be used to demonstrate changes in their perception of engineers. 

Students are asked to draw a picture of an engineer at work and write a short sentence about what 

the engineer in the picture is doing. Students’ drawings of engineers at work are examined and 

coded to describe the gender attribution of the engineer and the overall action or meaning of 

what the engineer was doing. Verbiage in the sentence students provide about what the 

engineering is doing is examined for key words such as designing, fixing, building, testing, 

modelling, prototype, drawing blue prints, etc and for the use of  “it, he, she, my, or the” to help 

identify the gender of the engineer. Students often draw a stick figure with no gender or a person 

with only legs protruding out from under a car or a pair of arms mixing chemicals. When a stick 

figure, androgynous person or partly hidden person is drawn and described as “it”, “my 

engineer” or “the engineer” in the sentence then the gender of the engineer is coded as unknown. 

Not all students wrote a sentence and the action and meaning had to be inferred from the drawing 

as well as the gender when possible.   

Differences in Classroom Climate: The teachers described the girls in the FEMME program as 

cooperative, communicative, much more task-oriented and less competitive than the boys in the 

all-male group with much less physical activity during group work. The boys were much more 

active and less cooperative than the girls requiring more discipline and suggestions to stay on 

task. One teacher explained that girls’ solutions to problems were not necessarily better than the 

boys’, nor did they appear to complete tasks more quickly than the boys but that the girls were 

“serious and more focused”. The girls were “less competitive and more willing to share and help 

each other than the boys”. Teachers also agreed that the classroom atmosphere in the single-

gender programs was very different than in the mixed gender programs. In the mixed-gender 

programs (42% female; 58% male) the girls focused more on the task rather than interacting with 

other students, whereas when there were all girls, even though the girls remained focused, they 

interacted with each other more. Girls in the mixed-gender programs distanced themselves 

during group activities and demonstrated lower levels of class participation than girls in FEMME 

programs.   

Although all students showed significant gains in engineering content knowledge and more 

positive attitudes toward STEM, during the 2012 evaluation no significant differences were 

found between male students in the mixed-gender group compared to the all-male group in terms 

of engineering knowledge, attitudes toward STEM, self-efficacy or their gender attributions of 

the engineers they drew on the Draw an Engineer Test but there were significant differences for 

the girls. The girls in FEMME shows significant increases in self-efficacy from the beginning to 

the end of the program and a significant proportion of them changed the gender of the engineer 

in their drawing from unidentifiable or male at the beginning to female at the end of the program, 

while the girls in the mixed gender program showed significant decreases in self-efficacy [98-

99]. In hindsight, the PI recognized that some of the students (male and female) in the 5th grade 

program(s) had previously participated in a 4th grade program during the summer of 2011of a 

different gender composition than during the summer of 2012, which could have affected the 

results.   



Comparisons among female-only (FEMME), male-only, and mixed-gender programs, 2015: 

In 2015, another investigation [101] was designed to be a more rigorous examination of gains in 

content knowledge and to look more closely at the issues of self-efficacy, gender equity, and 

qualitative perceptions of engineers, comparing FEMME4 to the all-male and the mixed-gender 

equivalents (i.e. the post 4th grade environmental science and engineering programs). The mixed-

gender program had a closer to 50/50 ratio of males to females than the 2012 investigation (48% 

female, 52% male). The girls in FEMME showed greater improvements in engineering content 

knowledge, computer applications and knowledge of careers in engineering than the girls in the 

mixed-gender program. The girls in FEMME also showed significant increases in self-efficatcy 

compared to the girls in the mixed-gender program; the self-efficacy of the girls in the mixed-

gender program actually decreased. No significant changes were found in the self-efficacy of the 

male students in either the single- or mixed-gender programs. The girls in FEMME also showed 

an increase in their perceptions that women can be engineers, evidenced by significant increases 

in the gender equity subscale of the Middle School Attitudes Middle School Attitudes to 

Mathematics, Science and Engineering Survey and again, changes in gender attribution of the 

engineers they drew in the Draw an Engineer Test from unidentifiable or male at the beginning 

of the program to female at the end of the program. The same changes in the gender attribution 

of the engineers drawn by the girls in the mixed-gender program were not evident. Notably, none 

of the male students in any of the programs drew female students at any time. If young boys do 

not consider that engineers can be female, their interactions with female students during 

engineering lessons might be negative. The male students may even remark that “engineers are 

not women” or they could say to a female student “you’re not going to be an engineer”.      

Follow-up 2016: A follow-up study was conducted during the summer of 2016, in which the 

same evaluation performed during the summer of 2015 was repeated [102]. The summer began 

with 25 students in the female-only (FEMME) programs, 24 students in the male-only program 

and in the two mixed-gender programs there were 47 students (24 and 23), for a total of 96 post 

5th grade students. Fifty-four were returning students and 42 were new students.  Of the 25 girls 

in the FEMME program, 18 had attended the 4th grade FEMME program, 5 had attended the 4th 

grade mixed-gender program, and there were 2 new students. One of the girls who had 

previously attended the 4th grade FEMME program attended one of the mixed-gender programs. 

Except for the FEMME programs which had approximately 70% returning students, each of the 

other programs had approximately 40% returning students.  

The positive effects on female students acquired during the summer of 2015 were sustained 

through the school year and were still evident from pre-measures for girls who returned during 

the summer of 2016. At the beginning of the 2016 program, the girls who had attended 

FEMME4 showed higher levels of self-efficacy and demonstrated a more accurate understanding 

of what engineers actually do than the girls who had participated in the mixed-gender program.  

The girls from FEMME gave more correct responses to the knowledge of careers in engineering 

section of the Attitudes to Mathematics, Science and Engineering Survey than the girls from the 

mixed-gender program, and the engineers in their drawings were more detailed and more 

accurate. The engineers were designing and solving problems.  Some of the engineers were 

described as testing a prototype or “helping” make something “better” (improving peoples’ 

lives), which is more consistent with women’s preferred career choices, to help improve society. 

The girls in the FEMME program also showed continued increases in self-efficacy that were not 

apparent in the male or female students in the other programs.  



The most encouraging results came from an examination of the gender attributions of the 

engineers in students’ drawing. Table I is a summary of the gender attribution students gave to 

their engineers in the drawings they produced at the beginning of the 2016 program, according to 

which program they attending during 2015, or they are listed as new\none. Of the students who 

attended the mixed-gender program, approximately equal proportions drew male engineers, 

female engineers, or engineers of unknown gender. The same is true for the new students, with 

slightly more engineers of unknown gender. None of the male students in any of the programs 

drew a female engineer. In contrast, most of the girls who attended the FEMME program in 2015 

drew a female engineer at the beginning of the 2016 program. Very few girls who attended the 

mixed-gender program in 2015 drew a female engineer. These results help support the 

conclusion that attending the 4th grade FEMME program had a positive and sustained effect on 

girls’ perceptions that females can be engineers.  

TABLE I 

Summary of Engineers’ Gender at the start of the 2016 Program based on 2015 Program 

          Single-gender Male  Single-gender Female   Mixed-gender         None\New 

   Engineer was               
  

      Female                       -   13              6                  10 

      Male       10                                       3                                     8                           12         

      Unknown               5                                       2                                     6                           17 
 

Changes in the gender attributions of the engineer from the beginning to the end of the program 

in relation to students’ gender and the type of program for the 2016 5th grade program; all-male, 

all female, or mixed-gender; are summarized in Table II. Although many of the male students in 

the mixed-gender program drew engineers of unknown gender at the beginning and the end of 

the program, more drew male engineers at the end of the program. Again, none of the male 

students in either the single-gender or mixed gender programs drew female engineers at any 

time. Approximately 75% of the females in the FEMME program drew female engineers at the 

beginning of the 2016 program and even more drew female engineers at the end of the program.  

TABLE II 

Summary of Changes in Gender Attributions of Engineers from Drawings, 2016 

               Single-gender          Mixed-gender  

           Male                  Female        Male     Female   

    Engineer’s gender             Start      End  Start      End  Start      End Start      End 
  

  Male  10         12    3          1   16        20    4  5 

  Female   0           0   17        20    0 0   12        8 

  Unknown               14         12    4          3   10 6   3 6 
 

    
More than half of the female students in the mixed-gender program drew female engineers at the 

beginning of the program, but less than half drew female engineers at the end of the progam. 

Many of the girls who changed the gender of their engineer drew engineers of unknown gender 

rather than male engineers.  Although they did not depict engineers as male, it appeared that they  

no longer saw them as female, further suggesting that participation in the FEMME program is 

important for young girls. More details are reported in [102]. 



The researchers were interested to see what proportion of the girls in the FEMME program 

returned again in the summer of 2017, whether the positive effects were again sustained, and 

whether continued participation would have further positive results.  

Follow-up 2017: A third year follow-up was conducted during the summer of 2017. Nineteen 

girls who participated in FEMME5 in 2016 returned during the summer of 2017, but not all 

attended FEMME6. Of the 25 girls who participated in FEMME6 during the summer of 2017, 15 

were returning students. Ten of them had attended FEMME4 and FEMME5 during the summers 

of 2015 and 2016, respectively. An additional 5 girls had attended FEMME5 during the summer 

of 2016. There were four girls who attended FEMME5 in 2016 who chose to attend the mixed-

gender program during 2017. Of those four girls, three had also attended FEMME4. Due to the 

number of new applicants, in addition to the FEMME program and the single-gender, all-male 

program, two mixed-gender programs were added with approximately equal proportions of male 

and female students.  

In addition to repeating the same follow-up evaluation(s) performed in 2016, parents of the 

returning students were asked to respond to a survey regarding their daughter’s school 

performance and interest in a STEM career as part of the application process.  The application 

for returning students included the following three questions; parents were also given space to 

provide a comment. 

• Has your child’s grades in mathematics and science improved since attending last 

summer? 

• Has your child’s attitude towards their mathematics and science classes improved since 

attending last summer? 

• Has your child expressed an interest in further studies in STEM?   

Eighty-three percent (84%) of the parents whose daughters returned for the summer of 2017 

reported that their daughters’ grades in mathematics and science had improved since attending 

the FEMME program in 2016. A few of the comments include;  

• My child's grade in science improved after attending NJIT last summer.  She went from a B 

student to an A+ student.  

• She had B's last year and now she has all A's  

• She was placed a grade ahead in 7th grade math even though she is a 6th grader. Her grades 

did go down first term but are going back up.  

Seventy-four percent (74%) of the parents reported that their daughters’ attitude towards their 

mathematics and science classes improved since attending the FEMME program in 2016. A few 

of the comments include;  

• She is now more positive and works hard on her stuff and is very independent. 

• Science was just "OK" last year.  Now it's her favorite subject.   

• She's much more knowledgeable about math, science and tech and has more confidence in 

relation to these areas.  

And ninety-six percent (96%) of the parents reported that their daughters had expressed an 

interest in further studies in STEM since attending the FEMME program in 2016. A few of the 

comments include;  

• She likes music and is very interested in the social sciences. This experience at NJIT has 

shown her another option. Not sure which one she will pursue after 12th grade. 



• Not verbally but her actions speak loudly. 

• She has always enjoyed math but now has showed a greater interest in the subject. She hopes 

and is excited to learn more and carry that for her future endeavors.  

The gender attributions of the engineers in students’ drawing were examined at the start of the 

2017 program also. Table III is a summary of the gender attribution students gave to their 

engineers according to which program they attending during 2016, or they are listed as new\none 

if they were new in 2017. All of the girls who attended FEMME6 during the summer of 2016 

drew a female engineer except for one; although her engineering was “designing a bridge”, there 

was no indication of the gender, so it was coded as unknown.  None of the girls drew a male 

engineer. Of the students who attended the mixed-gender programs in 2016, most drew male 

engineers, less than 20% drew female engineers.  

Still, none of the male students drew female engineers. One male student did describe what the 

engineer was doing as “he/she is building a robot to help senior citizens”, BUT the drawing of 

the engineers was clearly masculine. One of the 5 female students who had attended a mixed-

gender program in 2016 and drew a female engineer actually referred to the engineer as “he” in 

the sentence. So although her vision of the engineer was female, when she described what the 

engineer was doing, she said “he is building a robot”. At the end of the program, this same girl 

drew “symbols to represent” three different fields of engineering with no actual engineer in her 

drawing, so her engineer was coded as unknown.  

Only 20% of the new female students drew female engineers; most of them drew male engineers 

or engineers of indeterminate gender. This is further disappointing because many of the 

engineers depicted in the new students’ drawing showed an understanding of what engineers do, 

using the words “designing” or “solving problems”, so they had some exposure to engineering 

education, and most saw engineers as male, further emphasizing the need to educate young 

students that women can be engineers. 

TABLE III 

Summary of Engineers’ Gender at the start of the 2017 Program based on 2016 Program 

          Single-gender Male  Single-gender Female   Mixed-gender         None\New 

   Engineer was               
  

      Female                       -   18              5                   7 

      Male         8                                       -                                    20                          15         

      Unknown               4                                       1                                     3                          13 
 

Other results that are more positive: the four girls who had previously attended FEMME but had 

switched to a mixed-gender program continued to draw female engineers, helping to account for 

the high numbers of girls in the mixed gender who drew female engineers at the beginning and 

the end of the program in 2017 (see Table VI). Their prior experience appears to have been was 

retained and they continue to see engineers as female. Most of the other girls who drew female 

engineers at the beginning and the end of the program were new students, not students who had 

attended the program in 2016. It appears that these girls had some prior exposure to engineering 

education because their drawings were also accurate in terms of what engineers do, describing 

what the engineer in their draw was doing with words like “designing, improving, discovering, 



testing”, whereas the girls who drew male engineers more often described their engineers as 

“fixing cars, trains”, or not writing anything, just drawing someone working with their hands 

doing something that was not necessarily obvious.   

TABLE IV 

Summary of Changes in Gender Attributions of Engineers from Drawings, 2017 

               Single-gender          Mixed-gender  

           Male                  Female        Male     Female   

    Engineer’s gender              Start      End Start      End  Start      End Start      End 
  

  Male  19         20    5          3   14        10    7*       9 

  Female   -            -   16        22    - -  13       10 

  Unknown                 5           4    4          -    9         13   6         6 
 

 * One of the girls who had previously been in a mixed-gender program dropped out. 

Students’ drawings from the beginning of the program are summarized in Table V, again 

according to which program they attended in 2016 or if they were new students. Most of the 

drawings produced by the girls who had attended the FEMME programs showed accurate 

portrayals of what engineers do (designing, creating, solving problems, or help/improving). 

Many of the new students said their engineers were fixing something. Comparing the returning 

students’ drawing to the new students drawings showed that the effects of attended in either 2016 

or 2016 and 2015 (learning) were sustained.   

 TABLE V 

Summary of What Engineers in Pre-Drawings were doing based on 2016 Program 

            Single-gender Male   Single-gender Female   Mixed-gender         None\New 

 Engineer was               
  

     Designing\Creating\Inventing            2     7             7                 5 

     Building Model\Prototype                  -                                     -                                    2                           -         

     Solving Problems                               1                                    1                                    1                           - 

     Experiment\Testing         2                                     -                                    6                           2 

     Helping\Improving                             1                                    4                                    2                           -  

     Coding\Programing computer            2                                3                                    2                           2  

     Fixing           5                                    3                                    2                           9 

     Making\Building\working        2                  2             3             2  

     Flying rocket\plane                2     -             1             2 

     Holding Tools\working with hands    6                                   2                                     -                           5   

     Studying\Explaining\Thinking           1                                   2                                     1                          2     

     Building robot                                     -                                   1                                     1                          2 

     Drawing blue prints                            -                                    -                                     -                           1                                    

 

 

 

 



Discussion 

Continued follow-up of students who continue to participate in engineering summer enrichment 

programs offered by the Center for Pre-College Programs at NJIT demonstrate that the programs 

are effective in increasing all students’ knowledge of engineering and careers in engineering.  All 

students who participated had positive attitudes toward engineering and gave more correct 

responses to the knowledge of careers in engineering section of the Attitudes to Mathematics, 

Science and Engineering Survey.  Drawings of engineers by returning students in 2017 were 

more detailed and more accurate than those drawn by new students. Regardless of the gender of 

the engineers in the students’ drawing, the drawings that students produced, male and female, 

showed that students’ conceptions of engineers and what they actually do are developing 

accurately.  At the beginning of the program, many of the new students drew engineers that were 

“fixing cars” or just standing there with tools in their hands. Comparing details of the drawings 

from returning/continuing students to those the new (first-time) students, one can draw the 

conclusion that continued participation is beneficial to students, both male and female in terms of 

engineering knowledge.   

Participation in the single-gender, all female program FEMME shows continued benefits for 

girls in terms of self-esteem and the knowledge that girls can be engineers. Positive effects on 

female students acquired during the summer of 2015 were sustained through the school year and 

evident during the summer of 2016.  These effects were further sustained and still evident for the 

female students who returned again for a third summer during the summer of 2017. Results of a 

parent survey underscore these results, as 83% of the parents of girls who had previously 

attended the FEMME program reported that grades in mathematics and science had improved, 

74% reported that the girls’ attitude(s) toward math and science class had become more positive, 

and 96% reported that she had expressed an interest in further STEM studies since attending the 

previous summer.   
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