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Abstract
Do gender differences exist in the interests and attitudes of biological engineering students? Undergraduate engineering students participated in a voluntary survey designed to help understand
this issue.
First, to determine whether males and females received different academic preparation, prior to
entering engineering, the survey examined mathematics, science, and technical course work taken in high school. Second, in acknowledgement of entering engineering students fewer “hand’son” mechanical skills compared to computer skills, the survey probed these areas and examined
their relationship to three fundamental engineering activities (designing, building, and analyzkpi+0"Hkpcnn{."vjg"uwtxg{"vcmgu"kpvq"ceeqwpv"pqp/uejqqn"kpÞwgpegu"uwej"cu"hcokn{."igqitcrjke"nqcation, and type of community and their relationship to academic interests.
The survey incorporated a combination of question formats including pre-categorized demographic information, a 5-point Likert scale, and open-ended responses. Data from the survey was
imported directly into SPSS for statistical analysis and analyzed based on gender using crosstab
frequencies, prevalence ratios, and the T-test to determine whether non-parametric scores in both
genders differ. By understanding gender differences in attitudes and interests in biological engipggtkpi."yg"ecp"cfftguu"kuuwgu"kp"vjg"Ýgnf"vq"kortqxg"dqvj"tgetwkvogpv"cpf"tgvgpvkqp0
Surprisingly few differences were found in the data based on gender. Based on several measures,
females were equally prepared for biological and agricultural engineering when compared with
males. However, differences were found in “hands-on” preparation and family background.
Introduction
Since the early 1990’s the “pipeline theory” has been accepted as the dominant conceptual
framework to describe the relationship between education and occupation from elementary
school to initial employment 1, 2. According to the “pipeline theory” the gender gap in science and
gpikpggtkpi"yknn"fkucrrgct"kh"uwhÝekgpv"yqogp"vcmg"uekgpeg"cpf"ocvj"kp"uejqqn"cpf"kh"rqnkekgu"ctg"
in place to block the leakage from the pipeline at points where more women than men are lost.
However, the pipeline theory has proved to be inadequate to explain the lack of success in improving gender equity in engineering for several reasons 1, 3-6.
First, in contrast to the recent past where most females did not graduate from high school with
the necessary math and science prerequisites to enter engineering 7, girls now take as many high
school science classes (although fewer take physics) and their achievement levels are roughly the
same level as boys 3, 4, 8-16. Yet, their enrollment and participation in engineering remains low.
Second, a large body of empirical literature suggests, that even though women now acquire as
many years of education as men do at all levels, they invest in different kinds of human capital,
major in different subjects, choose different occupations; and accumulate less overall labor mar-

ket experience 170"Yqogp"jcxg"ocfg"itgcv"uvtkfgu"kp"gpvgtkpi"Ýgnfu"kp"ncy."xgvgtkpct{"ogfkekpg."
the biological sciences, and medicine once dominated by men but engineering remains a male
fqokpcvgf"Ýgnf"2, 9, 12, 14, 18, 19.
Third, at this time, the rate of leakage from the pipeline appears to be similar for male and female
students. Female students in engineering programs did not fall behind in the pipeline. They, actually, were slightly more likely than male students to complete an engineering degree and less
likely to switch to non-engineering programs. Although women are less likely than men to enter
uekgpeg"cpf"gpikpggtkpi."yqogp"yjq"gpvgt"uekgpeg"cpf"gpikpggtkpi"Ýgnfu"ctg"nkmgn{"vq"fq"ygnn"
and graduate 21-24.
Despite the hundreds of projects and huge expenditures used to increase recruitment and retention of women in engineering, low enrollment with disappointing results still prevails 24. Why is
engineering less responsive to these social forces that have otherwise successfully affected gender equity in other professions?
Seymour (1997) found that the best foundation for survival and success is to have chosen one’s
major because of an intrinsic interest in the discipline. She also found that those with the strongest interest in their major owed their sense of direction to particular teachers, family members,
role models, or mentors. Women were found to differ very sharply from men in this area of peruqpcn"kpÞwgpeg0"Yqogp"ygtg"oqtg"nkmgn{"vq"jcxg"kpkvkcnn{"ejqugp"cpf"uykvejgf"vjgkt"oclqtu"vq"
Uekgpeg."Ocvjgocvkeu."cpf"Gpikpggtkpi"*U0O0G0+"fkuekrnkpgu"dgecwug"qh"vjg"kpÞwgpeg"qh"uqogqpg"
vjcv"ycu"ukipkÝecpv"vq"vjgo"240"Kp"rctvkewnct."vjg"kpÞwgpeg"qh"hcokn{"ogodgtu"ku"eqpukfgtgf"c"ocjor factor in the career decision making process 1, 21, 25-27.
An additional area of sharp contrast between the intrinsic interests of men and women lie not in
their reasons for leaving S.M.E. majors, but in their reasons for entering them. Altruism is an invtkpuke"kpvgtguv"kp"vjg"fguktg"vq"gpvgt"c"rctvkewnct"Ýgnf"dgecwug"qh"c"eqookvogpv"vq"c"ykfgt"oqtcn"
purpose. Seymour notes that altruistic reasons for entering S.M.E. majors are predominantly expressed by women and students of color in contrast to men in general 24.
Kv"ku"fkhÝewnv"vq"gzrnckp"yj{"nquugu"kp"U0O0G0"oclqtu"qeewt"htqo"c"rqqn"qh"fkurtqrqtvkqpcvgn{"
cdng"wpfgtitcfwcvgu0"Hcewnv{"*97'+"Ýpf"wpfgtitcfwcvgu"ugtkqwun{"wpfgt/rtgrctgf"kp"cecfgoke"
and study skills, and blame others for the high attrition rate. The author presents data to support
the hypothesis that the difference in the performance scores of switchers and non-switchers are
kpuwhÝekgpv"vq"rtgfkev"yjkej"uvwfgpvu"ctg"nkmgn{"vq"uvc{"cpf"yjkej"ngcxg0"Vjg{"fkf"pqv"Ýpf"uykvejers and non-switchers to be two different kinds of people; they do not differ by individual attridwvgu"qh"rgthqtocpeg."cvvkvwfgu."qt"dgjcxkqtu"vq"c"fgitgg"uwhÝekgpv"vq"gzrnckp"yj{"qpg"itqwr"nghv."
and the other group stayed. Most switching was not caused by personal inadequacy in the face of
academic challenge 24.
C"eqooqp"fgÝekv"kp"rtg/eqnngig"gfwecvkqp"hqt"ocp{"yqogp"ycu"jcpfu/qp"vgejpkecn"qt"ncdqtcvqt{"gzrgtkgpeg0"Vjku"fgÝekgpe{"ycu"oqtg"vjcp"c"jcpfkecr="kv"icxg"vjgkt"ocng"rggtu"c"psychological advantage and was a source of fears about competence and belonging for women. Requiring
some technical education in high school for engineering majors might address this issue 24.

But young women are much less apt than young men to continue in quantitative disciplines,
regardless of their preparation. Education statistics show that although girls and women are inetgcukpin{"ejqqukpi"vq"gpvgt"vjg"dkqnqi{/dcugf"uekgpeg"Ýgnfu."vjg{"ctg."kp"urkvg"qh"vcngpv."cdknkv{."
excellent career opportunities, and good potential salaries, choosing not to pursue learning in
Ýgnfu"uwej"cu"eqorwvgt"uekgpeg"cpf"gpikpggtkpi"2, 12, 18, 28. While women now earn more than half
qh"vjg"dcejgnqtÓu"fgitggu"kp"vjg"dkqnqikecn"uekgpegu."vjg{"gctp"lwuv"qpg/Ýhvj"*43'+"qh"cnn"dcejelors degrees in physics 8 and just 20% in engineering 19.
Kp"vjg"gpikpggtkpi"cpf"uekgpvkÝe"eqoowpkv{."vjgtg"ku"gogtikpi"eqpugpuwu"vjcv"qpg"yc{"vq"cfftguu"
the under representation of women is to interest women in engineering by developing a genderbalanced curriculum and integrating it into existing high school science, math, and technology
education programs 4, 8, 9, 29. A gender-balanced curriculum is one that is equally appealing to men
and women.
A few recent studies credit the success in recruiting women into the biological sciences and
medicine to a gender-balanced curriculum in high school. Eccles (2003) and Spears (2004) found
that young women who are strong in math tend to seek careers in the biological sciences”. “They
value working with and for people,” and “they don’t perceive engineering as a profession that
meets that need” 30.
Biological Engineering
Since biological engineering, the biological sciences and medicine share many common themes,
there is reason to believe that women could be successful in biological engineering. Currently,
very little biological engineering curriculum exists (or is widely known to exist) that is suitable
for integration into high school programs. However, a pre-engineering program in biological engineering is under development by Project Lead the Way. There is a need to determine what approaches should be used in a biological engineering curriculum to encourage the participation of
students of both genders.
To examine how these issues impact biological engineering, undergraduate engineering students
participated in a voluntary survey designed to help understand whether gender differences exist in the interests and attitudes of biological engineering students. Current research supports the
idea of promoting engineering by integrating it into existing math, science and technology education classes 8,9,10. Yet, little has been done to see whether students agree with such tactics and,
oqtg"korqtvcpvn{."kh"igpfgt"rnc{u"c"tqng"kp"uwej"qrkpkqpu0"UkipkÝecpv"ejcpigu"dgkpi"ocfg"vq"vjg"
structure of biological and agricultural engineering programs throughout the US, coupled with
low female enrollment, and overall student enrollment in college engineering majors dropping, it
ku"pgeguuct{"vq"wpfgtuvcpf"vjgug"fkhhgtgpegu"uq"yg"ecp"cfftguu"ewttgpv"kuuwgu"kp"vjg"Ýgnf"cpf"vjwu"
improve both recruitment and retention of engineering colleges nationally. There is a need for
oqtg"swcnkvcvkxg"fcvc"vq"cfftguu"vjg"kpÞwgpeg"qh"ukipkÝecpv"qvjgtu"qp"hgocngu"kp"vjg"ejqkeg"qh"c"
college career 26.

Objectives
Vjg"Ýtuv"qdlgevkxg"ycu"vq"fgvgtokpg"yjgvjgt"ocngu"cpf"hgocngu"tgegkxgf"fkhhgtgpv"cecfgoke"
preparation, prior to entering engineering. To cover this issue, the survey gathered information on
the number of math, science and technical course work taken in high school.
The second objective acknowledges the fact that the interests of students entering biological engineering may be different than those 10 years ago. Hence, the survey examined their interests in
three fundamental engineering activities, designing, building, and analyzing. It also probes students’ decisions related to engineering, their major and specialty 17.
Kp"vjg"Ýpcn"qdlgevkxg."vjg"uwtxg{"vcmgu"kpvq"ceeqwpv"pqp/uejqqn"kpÞwgpegu"uwej"cu"hcokn{."igqgraphic location, and type of community and their perceptions of, knowledge about, and experiences with engineering.
Methods
A web-based survey, using SurveySuite software, was prepared. The use of the web format allowed the students at a wide variety of locations access the survey at their convenience. The
student survey is about 15-20 minutes in length so that it can be completed in one class period or
outside class. There were no right or wrong answers.
Students from seven universities across the country participated. All geographic regions of the
country are represented as well as a variety of university sizes. While most participants were
freshmen or sophomores, comparison with the junior and senior student data suggests that the
population is a good representation of the overall biological engineering student population. Of
an overall pool of 281 engineering students completing the survey, only the 178 biological and
agricultural engineering students were selected for analysis.
The survey incorporated a combination of question formats including: pre-categorized demographic information and interest questions in a 5-point Likert scale. The responses to the Likert
scale questions were arranged such that 1 was boring and 5 was interesting. Many of the questions relate to engineering in general, but biological engineering received more emphasis. The
survey gives a strong indication as to which topics in biological engineering males and females
are most interested in.
Data from the survey was imported directly into SPSS for statistical analysis. Data was analyzed
based on gender, ethnic background, school name (geographic location), community type, and
age. Initially, the most relevant information is gender related. The mean and standard deviation
for each question were also compared by gender. A T-test was used for comparing the non-parametric scores in both genders. The prevalence ratios were calculated from the crosstab frequencies.
Population Demographics
The participating population was selected through voluntary response to an electronic survey
distributed among seven universities across the United States. A majority of respondents were

from the eastern half of the United States with Louisiana State University (20.7%), University
of Maryland (20.7%), Louisiana Tech University (.6%), University of Georgia (17.9%) and
Ohio State University (12.8%) composing 72.7 percent. Utah State University (20.7%) and the
University of Arizona (5%) represented the western half of the country and 25.7 percent of the
tgurqpfgpvu0"Wvcj"Uvcvg"Wpkxgtukv{."Qjkq"Uvcvg"cpf"vjg"Wpkxgtukv{"qh"Oct{ncpf"ctg"encuukÝgf"cu"
northern Universities and compose 46.4 percent of the respondents. The other universities were
considered southern and composed 52.5 percent of the respondents. Only 1.1 percent of the stufgpvu"ygtg"wpkfgpvkÝgf0
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Figure 1. Class Ranking of Respondents: Most respondents were in their 1st or 2nd year of engineering
Cnn"rctvkekrcpvu"ygtg"uvwfgpvu"tcpikpi"htqo"htgujogp"vq"fqevqtcn"ykvj"ugnh/kfgpvkÝgf"dkqnqikecn"
and agricultural engineering majors under the categories of: biomedical engineering, biological
engineering, agricultural engineering, environmental engineering, food engineering, irrigation,
biochemical engineering/biotechnology, automation, water resources, and environmental engineering. The majority of respondents were freshmen (44.7%) and sophomores (32.4%) (see Figure 1).
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typical of engineering students.
There were 72.3 percent White, .6 percent Native American, 14.1 percent Asian American or PaekÝe"Kuncpfgt."40:"rgtegpv"Jkurcpke."703"rgtegpv"Chtkecp"Cogtkecp."cpf"703"rgtegpv"qvjgt"tceg"tgspondents (see Figure 2). By gender, 39 percent of the respondents were female, 61 percent were
male (see Figure 3).
Female
Male
39.0

61.0

Figure 3. Gender of Respondents: More participants were female than expected due to the fact
that Biological Engineering has a greater percentage of females than engineering, in general.
The age range of participants also varied from younger than 18 to 34 years of age. Though a
large majority of the respondents between 18 and 19 (61.5%), students who were 20 to 23 years

qnf"eqorqugf"5209"rgtegpv"qh"vjg"rqrwncvkqp0"Qvjgt"cig"itqwrkpiu"ygtg"ukipkÝecpvn{"nguu"*ugg"
Figure 4). The age group of 18-23 is typical for college students.
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Figure 4. Age Range of Respondents: Most respondents are under 21.
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Figure 5. Community Type of the Respondents: Most respondents were from suburban and rural
areas.

As well as major geographic locations, a variety of community types are also found among the
respondents. Though a large majority came from suburban (46.9%) and rural (28.2%) areas,
small (14.7%) and big cities (9.6%) compose 24.3 percent of the respondents living areas. Only
.6 percent reported residing on a military base. (See Figure 5)
The community type of these students may also have bearing on either their retention or attracvkqp"vq"vjg"Ýgnf0"Ykvj"c"oclqtkv{"qh"tgurqpugu"eqokpi"htqo"uwdwtdcp"cpf"twtcn"eqoowpkvkgu."rgtjcru"vjg"eqkpekfgpeg"qh"vjgug"gpxktqpogpvuÓ"pcvwtcn"chÝnkcvkqp"ykvj"mpqyngfig"cpf"ocvgtkcnu"cusociated with biological engineering would explain the motivation of it’s residents to pursue such
Ýgnfu"qh"uvwf{0"Kv"eqwnf"cnuq"dg"vjg"gpxktqpogpvÓu"pggf"hqt"uwej"mpqyngfig"vjcv"rtqoqvgu"hwtvjgt"
education in such areas. Further study among residents of such community types and their pursucpeg"qh"hwtvjgt"gfwecvkqp"ykvjkp"vjg"Ýgnf"qh"dkqnqikecn"gpikpggtkpi"ctg"pgeguuct{"vq"eqpÝto"vjgug"
conclusions.
Academic Preparation
To assess their academic preparation in Mathematics, Science and Technology students were
asked to identify the courses they had taken while in high school.
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Figure 6. Math Taken in High School Arranged by Gender: With the exception of calculus, females appear to have taken slightly more mathematics than males overall. The numbers above
the bars are the standard errors.

In math, 90 percent or more of the females reported having taken Pre-algebra (90%), Advanced
Algebra (91%), Trigonometry (91%), and Geometry (94%), while only 75 percent reported having taken calculus. In comparison, the males reported having taken fewer courses in: Pre-algebra
(82%), Advanced Algebra (89%), Trigonometry (85%), and Geometry (90%), with only Calculus
(77%) being reported as slightly higher than the females (see Figure 6).
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Figure 7. Science Taken in High School Arranged by Gender: There is varying difference in the
amount of science taken. The numbers above the bars are the standard errors.
In science, surprisingly, all females reported having taken Biology, while only 95 percent of
males did. Similar percentages of both males and females reported having taken chemistry (94%
male and 94 % female) and Physical Science ( 75% male and 72% female). Both also reported
few courses taken in Computer Science (26% male and 16% female). In Physics, 85 percent of
the males reported having taken the course, while only 78 percent of females did (see Figure 7).
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Figure 8. Technology Taken in High School Arranged by Gender: Males take more “hands on”
technology education classes in high school. The numbers above the bars are the standard errors.
With regard to technology education, fewer than 27 percent of males and females reported having taken any of the technology courses listed in the survey. In fact no females reported having
taken Manufacturing or Transportation courses. Additionally, low percentages of males reported
having taken the same courses (Manufacturing 3% and Transportation 2%) as well as Construction (2%) and Design Processes (2%). Low percentages of females also reported having taken
Construction (2%) and Design Processes (4%) as well. Both had higher percentages in Drafting/
CAD (25% male and 10% female) and Computer Technology (26% male and 16% female). (See
Figure 8)
In summation, these results correlate with the literature in that the females, as a whole, received
adequate training in mathematics and science. Males and females had similar amounts of training in mathematics and science, with females having taken slightly more biology and slightly
less calculus than the males. However, they received far less training in technology courses. The
fact that both males and females in this study received little or no training in technology courses
is noteworthy.
This indicates that these girls were as adequately prepared as males to pursue careers in biological engineering, questioning the validity of the pipeline theory. Yet, this does not explain why
vjgtg"ctg"hgygt"hgocngu"kp"vjg"Ýgnf0"Kv"ku"rquukdng"vjcv."dgecwug"vjg"hgocngu"vjcv"rctvkekrcvgf"kp"
vjku"uvwf{"ygtg"cecfgokecnn{"rtgrctgf."vjg{"rwtuwgf"vjku"Ýgnf"yjkng"qvjgt"hgocngu"yjq"ygtg"pqv"
did not and hence were not a part of this study.

The gap in academic preparation falls within their exposure to technology courses. Though both
males and females overall took fewer courses in technology, the fact that females took considerably less technology classes than males may be a key contributing factor to their low enrollment
in college biological engineering programs and careers. In contrast, this could also mean that the
less exposure females have to technology, the more likely they are to pursue biological engineering.
Since females in engineering appear to be well prepared, it would be worthwhile to suggest comrctkuqp"ykvj"vjg"cecfgoke"rtgrctcvkqp"qh"yqogp"yjq"rwtuwg"qvjgt"Ýgnfu0"Kh"vjg"tguwnvu"ujqy"vjcv"
hgocngu"kp"qvjgt"Ýgnfu"ctg"pqv"cu"cecfgokecnn{"rtgrctgf"kp"ocvj."uekgpeg."cpf"vgejpqnqi{"cu"vjgug"
women, then this may be the missing link necessary to bring them not only into biological engineering, but engineering. However, if the results prove similar preparation as found in the studies
qh"rtgxkqwu"tgugctej."vjcp"rtgrctcvkqp"ku"pqv"c"hcevqt"kp"ejqqukpi"vq"rwtuwg"vjku"Ýgnf0"
Fundamental Engineering Activities
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Figure 9. Build, Design and Analyze Comparisons to Mean Arranged by Gender: The mean is the
average score of all participants for all questions.
Of the 29 total questions asked by the survey to examine interests in the fundamental engineering activities of build (9), design (10), and analyze (10), perhaps most striking information was
the fact that there was virtually no difference between the men and women within these broad
ecvgiqtkgu0"Pq"uvcvkuvkecnn{"ukipkÝecpv"fkhhgtgpegu"ygtg"hqwpf"kp"eqorctkuqp"qh"vjg"kpvgtguvu"qh"
males and females in the conglomerate categories in a T-test for equal means. Despite an overall
positive view of activities within their major (mean = 3.6), There was little deviation from it the
in any category (see Figure 9).
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Figure 10. Engineering Interests in Comparison to Mean Arranged by Gender: The mean is the
average score of all participants for all questions.
However, when the questions were divided into nine different categories of biological and agricultural engineering activities (biomedical engineering, food engineering, irrigation engineering,
biochemical engineering/biotechnology, automation, agricultural engineering, water resources,
gpxk/tqpogpvcn"gpikpggtkpi."cpf"uqekcn"crrnkecvkqpu+."c"uvcvkuvkecnn{"ukipkÝecpv"fkhhgtgpeg"crpeared between male and female interest levels in a T-test for equal means in the biomedical
(p=.023) category. Additional discrimination of the interest levels may occur as data currently
being acquired is considered.
Cnvjqwij"vjg"gkijv"qh"vjg"pkpg"uwdecvgiqtkgu"hckngf"vq"ujqy"uvcvkuvkecn"ukipkÝecpeg"dgvyggp"
male and female responses, the fact that both responded similarly and not too far from a slightly
positive mean shows that both are at least “somewhat interested” in all of these areas. Most responses varied little from the overall mean of 3.48 , but the categories of social interest (female:
4.19, male 3.85), biomedical engineering (female: 4.37, male 3.98), and biochemical engineering
(female: 3.96, male 3.89) showed much higher means and thus were relative subjects of higher
interest (see Figure 10).
The general student interest in socially relevant applications is noteworthy, in that numerous
previous studies have declared that women are more prone then men to be interested in these acvkxkvkgu"fwg"vq"vjgkt"chqtg"ogpvkqpgf"cnvtwkuvke"pcvwtg0"Kpuvgcf."yg"Ýpf"uvtqpi"kpvgtguv"kp"uvwfgpvu"
of both genders. However, this does not eliminate the possibility that the social application of
dkqnqikecn"gpikpggtkpi"ku"yjcv"cvvtcevgf"vjg"yqogp"vq"vjku"Ýgnf"kp"vjg"Ýtuv"rnceg0"Kv"ukorn{"ujqyu"
that men are also interested in it. Further study is necessary to determine if this and/or any of the
qvjgt"gkijv"ecvgiqtkgu"ygtg"eqpvtkdwvqtu"vq"vjgkt"fgekukqp"vq"rwtuwg"vjku"Ýgnf0

Vjg"qpn{"ctgc"vq"rtqxkfg"uvcvkuvkecnn{"ukipkÝecpv"igpfgt"rtghgtgpegu"ycu"kp"vjg"dkqogfkecn"gpikpggtkpi"ecvgiqt{0"Fkhhgtgpeg"kp"vjku"Ýgnf"tckugu"rqkipcpv"swguvkqpu"tgictfkpi"vjg"gzcev"pcvwtg"qh"
their dissimilar interest. Females (mean = 4.38) clearly favor this topic more than males (mean =
4.00). Perhaps it is here that the altruistic nature of females is displayed. If this is so, why didn’t
vjg"uqekcn"ecvgiqt{"ujqy"c"uvcvkuvkecn"ukipkÝecpegA"Ku"kv"rquukdng"vjcv"vjg"dkqogfkecn"gpikpggtkpi"
Ýgnf"qhhgtu"oqtg"tgcn"nkhg"crrnkecvkqp"qt"qrrqtvwpkv{"hqt"cnvtwkuvke"dgjcxkqtuA"Ku"kv"rquukdng"vjg{"
ugg"oqtg"xcnwg"kp"vjku"Ýgnf"vjcp"kp"lwuv"uqekcn"gxgpvuA"Cnvgtpcvgn{."kv"ku"rquukdng"vjcv"vjg"fkhhgtgpegu"xkukdng"kp"vjg"Ýiwtgu"ctg"tgcn"cpf"vjg"kpenwukqp"qh"vjg"cffkvkqpcn"fcvc"ewttgpvn{"dgkpi"ceswktgf"
yknn"tguwnv"kp"vjgkt"uvcvkuvkecn"ukipkÝecpeg0"Oqtg"tgugctej"pggfu"vq"dg"fqpg"ykvj"fgvckngf"kp"fgrvj"
swguvkqpu"tgictfkpi"vjg"kpfkxkfwcn"ejctcevgtkuvkeu"qh"vjgug"Ýgnfu"cu"vjg{"tgncvg"vq"cnvtwkuo"kp"qtfgt"
to fully answer these questions.
Vjg"ncem"qh"ukipkÝecpv"fkhhgtgpegu"dgvyggp"ocng"cpf"hgocng"tgurqpugu"kp"vjg"dwknf."fgukip."cpf"
analyze activities indicates that the idea of separate gender activity preferences is incorrect.
However, altering the topic of the activity (such as the inclusion of biomedical, or biochemical,
or socially relevant engineering projects) has the potential to strongly impact student interest,
regardless of gender. This information has the potential to provide avenues for further increasing
enrollments, while not impacting the overall abilities of the biological engineering graduate.
Hcoknkcn"KpÞwgpegu
When respondents were asked whether close members of their family were engineers (sibling,
parents, grandparents, aunts and uncles), 42.1 percent of males and 49.3 percent of females reurqpfgf"chÝtocvkxgn{0"
Qpg"qh"vjg"oquv"kpvgtguvkpi"Ýpfkpiu"qdvckpgf"htqo"vjg"fcvc"ycu"vjg"rgtegpvcig"qh"hgocngu"jcxg"
c"hgocng"gpikpggt"kp"vjgkt"gzvgpfgf"hcokn{0"Cu"ygnn."kpkvkcn"Ýpfkpiu"tgxgcn"vjcv"hgocng"gpikpggting students are 3.4 times more likely to have a female relative that is an engineer than a male
engineering student, but only 0.9 times more likely to have a male relative that is an engineer.
This correlation is large when you consider there are very few female engineers old enough to
have daughters or granddaughters that are of college age. (See Table 1) In 1970, less than 1% of
engineers were women compared to 18-20% today 4, 8, 9, 12, 13, 16 . When interpreting these numbers
from a family perspective, the following factors must be considered:
•
•
•

Very few engineering students will have grandmothers who are engineers,
Few engineering students will have mothers who are engineers, and
Engineering students are more likely to have sisters or aunts who are engineers.

Thus, the number of female engineering students in the survey who have female family members
who are engineers is very high indeed. The role female engineers have on the career choices of
females in their extended family needs to be investigated. Table 1 summarizes the data analysis,
there were 2 students not answering the question (missing data).

Table 1: Male and female familial relations to engineers.

Total Respondents

Female
[#]
69

Female
[%]
39.2%

Male
[#]
107

Male
[%]
60.8%

TOTAL
[#]
176

With a relative
Without a relative

34
35

49.3%
50.7%

45
62

42.1%
57.9%

79
97

With a female relative
With a male relative

11
23

15.9%
33.3%

5
40

4.7%
37.4%

16
63

Table 2: The prevalence ratios showing a correlation between engineering students and female or
male relatives in their extended family that are engineers. Females have more family members
that are engineers but it is much larger in the case of female relatives that are engineers. Categories in an extended family include: sister, brother, mother father, aunt, uncle, grandmother, and
grandfather.
Prevalence Ratio
At least one relative that is
an engineer
At least one female
relative that is an engineer
At least one male relative
that is an engineer

Female
[%]
49.3%

Male
[%]
42.1%

Male:Female
Ratio
1.2

15.9%

4.7%

3.4

33.3%

37.4%

0.9

The fact that almost half of both males and females participating in this study reported having
hcokn{"ogodgtu"vjcv"ygtg"gpikpggtu"tckugu"vjg"kuuwg"vjcv"hcokn{"kpÞwgpeg"rnc{u"c"nctig"tqng"kp"pqv"
only females, but also males choosing to pursue engineering. These results coincide with several
other studies that have shown family to be the primary factor in a child’s future career. Clearly, if
a member of a child’s extended family is an engineer, they are more likely to pursue engineering
themselves, whether this relationship is causal remains a topic of future study.
Conclusions
Overall, the philosophy of the pipeline theory is likely to be an invalid explanation for the low
gptqnnogpv"qh"yqogp"kp"vjg"Ýgnf"qh"dkqnqikecn"gpikpggtkpi"vjtqwij"c"igpgtcn"ncem"qh"igpfgt"fkhferences between men and women in 1) academic preparation, 2) interest levels in analyze, build
and design activities, and 3) interest in eight of the nine major subcategories of food, irrigation,
agricultural, water, biochemical, environment, automation, and social. Understanding the differgpegu"hqwpf"kp"vjg"dkqogfkecn"ctgc"tgswktg"hwtvjgt"uvwf{"vq"fgvgtokpg"vjg"urgekÝe"eqpvtkdwvkpi"
factors (e.g. whether it is altruism or not).
Vjg"qpn{"ctgcu"qh"rctvkewnct"kpvgtguv"nkg"kp"vjg"pqp/uejqqnkpi"kpÞwgpegu"qh"eqoowpkv{"v{rgu"cpf"
familial relations to engineers. In general, the majority of respondents for this survey were either
from suburban or rural areas with at least one relative that was/is an engineer.

In general, it was found that 1) having familial relations with an engineer, 2) living in the afore
mentioned areas, 3) having high academic preparation in math and science, and low preparation
in technology based courses, and 4) high interest in social, biomedical and biochemical areas,
regardless of gender, all lend higher probability to the respondents having chosen biological engineering as their major.
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