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In Fall 2008 the University of Dayton first offered their restructured first-year design course entitled Engineering

Innovation.Ayear later anall-female sectionof the coursewasoffered, in conjunctionwith thedevelopment of aWomen in

Science and Engineering Living Learning Community. Now having finished the second year of this initiative, this paper

focuses on student perspectives of having been in an all-female engineering design class. Reflection papers written by the

students detailed both perceived benefits and consequences of the all-female class experience. This paper examines these

perceptions and discusses the implications these perceptions have for teaching traditional mixed-gendered innovation

courses so that they might be more inclusive to all students.
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1. Introduction

For more than the last decade there has been a push

to increase the number of engineers in theUS to stay

globally competitive [1]. More recently, this focus

has shifted on not just producing technically skilled

engineers, but engineers who possess creativity and

ability to innovate [1, 2]. Despite this push, the

number of practicing engineers in the US remains
relatively low, with a growing concern that there

may become a shortage of engineers and scientists in

the near future [3, 4]. This has been attributed, in

large part, to the disproportionately small numbers

of females and minorities in the profession [4, 5].

Recent statistics from2005 indicate that only 26%of

the US engineering workforce was female, despite

the fact that during this same time half of all
management, professional, and related occupa-

tional positions in the U.S. were held by women

[6]. Minority presence in the profession is even

lower, with only 5% of the non-academic engineer-

ing workforce being black and approximately 5%

being Hispanic [4].

Efforts have therefore shifted to engineering pre-

paration programs. A particular focus has been on
the recruitment and retention of undergraduate

engineering students, especially females and mino-

rities [2, 7–9]. Nationally, retention rates for engi-

neering students have been estimated to be

approximately 56%, with female and minority

retention rates much lower, around 30% [10]. The

majority of students who leave engineering do so in

their first- or second-year [11], indicating that the
first-year experience is a particularly pivotal time to

encourage and keep students engaged in the major.

As such, the first-year experience within engineer-
ing has been a main focus for a number of efforts

aimed at improving student retention [e.g. 10, 12,

13]. There has been suggestion that this focus has

helped shift the nature of first-year engineering

courses from courses that are intended to ‘weed

out’ students, common in previous years, to a

curriculum that better helps students have increased

exposure to typical engineering work while also
improving self-efficacy [12]. For the large part the

implementation of such revised curriculum remains

largely institution-specific, though some models of

successful first-year programs have been suggested

[e.g. 10, 14]. However, there have been a number of

common elements that are recognized as important

in developing such a course in an effort to improve

likelihood of retention. Jones et al., for example,
found that after the first-year of engineering educa-

tion many students reported less enjoyment in

engineering, and viewed it as less useful and less

important than they had prior to beginning college

[13]. These findings led the authors to suggest that

course curriculum focused on retention should

ensure that engineering is portrayed as enjoyable

work that is significant [13]. Course elements that
help achieve this have included design-related pro-

jects, team-based work, and close interaction with

faculty [e.g. 10, 14]. Because many of these elements

are fundamental in many institutions’ senior cap-

stone engineering design courses, these capstone

courses have the potential to serve as a model for

first-year ‘cornerstone’ design courses [15]. This

paper begins by describing such a course, and then
goes on to describe an innovative initiative to cohort

female students into an all-female course section.
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2. Engineering innovation course

In recognizing the importance of the early college

engineering experience, several years ago the Uni-

versity of Dayton restructured the experience by

creating a common Integrated Engineering Core

(IEC) curriculum. This initiative brought first- and

second-year engineering students together, regard-
less of major, to take foundational engineering

courses like statics, thermodynamics, and circuits.

One of the ideas behind the IEC was that it would

allow students to better see the relationship between

fundamental concepts, all of which transcended

specific discipline. This, if successful, has the poten-

tial to foster an interdisciplinary appreciation in

students which could have long-lasting effects.
In developing the IEC curriculum, there was

agreement that there needed to be a strong founda-

tional first-year engineering design course. This led

to restructuring a previously existing Introduction

to Engineering-type class to increase the emphasis

on innovation in the engineering design process

through project-based learning.

The newly developed course, EGR 103 Engineer-

ing Innovation, first offered in Fall 2008, is a two-

credit, one-semester course required for all first-year

engineering students as part of the IEC curriculum.

Approximately seven sections, each of approxi-

mately 24 multidisciplinary students, are offered

each semester, with each section taught by one of

a small team of instructors. The instruction team,

with representation from all engineering depart-
ments, meets regularly to coordinate the structure

of the class, as well as common elements and

practices. The central theme of the course is the

formulation of solutions to real-world engineering

design problems by applying the engineering design

and innovation process. This includes the steps of

problemdefinition, creative ideation, concept devel-

opment, design decision analysis, detailed design,
model/prototype building, testing, and justification

through written report and oral presentation.

Working in teams of approximately four, stu-

dents spend the first month of the semester applying

the engineering design and innovation process to a

fairly contrived and well-defined problem, common

for all EGR 103 sections. For the past few semesters

this introductory small-scale project has been to
create a cardboard chair/table that can support

400 lbs. with limited materials (1 sheet of 30 � 60

cardboard and 10 glue sticks) and limited time (75

minutes for construction). A competition is held

across the sections and students seem excited and

surprised to see howwell their designs do, seemingly

building their own confidence in their engineering

abilities. Once students have had the chance to
practice the design and innovation process and

receive feedback on their reports and presentations,

the remainder of the semester is spent on a much

larger, ill-defined, real-world problem.

This second project mimics the successful model

laid forth by the University of Dayton’s Design and

Manufacturing Clinic senior capstone design
courses. As with the senior capstone courses, these

projects are driven by real needs of local business or

community partners. These partners then become

mentors for the class, helping students define the

problem and then providing constructive feedback

during conceptual design reviews. The actual topic

of the project is left largely up to the individual

instructor for any given section, and often aligns
with their own area of expertise and any current

industry or community partnerships that exist. In

contrast to the senior capstone model, however, it is

often the responsibility of the instructor to come up

with aprobable topic or problemand then approach

the partner to serve as a mentor, rather than the

other way around.

The emphasis of the second project is often
service-learning-based, with projects focused on

problems related to disability, sustainability, or

appropriate technology for developing nations. As

such, there tends to be more community or educa-

tional partners than industrial partners. Most pro-

jects are particularly ill-defined, requiring students

to do significant background research to better

define the problem, with the freedom to pursue
any number of design directions. It is thought that

this flexibility in project scope helps students begin

to develop opportunity recognition skills, further-

ing the goal to promote innovation and entrepre-

neurship in the curriculum. Past problems to be

solved included the need for individuals who are

homeless to stay warm during the winter despite

frequently moving locations, the desire of farmers
with disability to safely maintain their profession,

and the growing opportunity to teach younger

children engineering and sustainability through

inspiring and educational hands-on activities.

Since its initial offering, this course has been very

positively regarded. End of Semester Survey data

from students who took the course in Fall 2010

indicate that student feelings were very strong with
regard to the expected outcomes of the course.

Table 1 shows, based on a likert scale of 1 to 5, the

percentages of students responding ‘strongly agree’

(5) or ‘agree’ (4) to key survey questions.

3. Development and rationale for an all-
female section

Similar to the motivation for improving the first-

year experience for engineering students, the dis-

proportionate number of female students in the
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engineering disciplines has led more universities,

University of Dayton included, to pursue efforts
to attract and retain females. One such recent effort

at the University of Dayton is the offering of a

Women inScience andEngineeringLivingLearning

Community (WISE LLC), where first-year science

and engineering students live together and take

shared courses. Such Living Learning Communities

allow students to develop social networks that can

help provide support in academic pursuits and
prevent a feeling of isolation.

The WISE LLC was structured so that of 40

students comprising the community, approximately

20 were first-year students with majors declared in

engineering and 20 with majors declared in the

sciences (a large majority of which happened to be

pre-med). As all engineering students are required

to take EGR 103 during their first-year, this became
one of the common academic courses for the engi-

neering students in theWISE LLC. In Fall 2009 the

first WISE LLC cohort took EGR 103 Engineering

Innovation. Of the 24 students in the course, 17 were

engineering students from the WISE LLC and the

remaining were other female first-year students

selected to fill the section. Because Living Learning

Communities have to be annually reviewed at the
University of Dayton and this process occurs early

in the academic year, the WISE LLC was renewed

under the grounds that there was insufficient evi-

dence to evaluate it and it would need additional

time to determine its merits. Certainly, there was

some concern that the segregation of females into an

all-female engineering course might have some

undesirable effects. Therefore, a second WISE
LLC cohort entered EGR 103 Engineering Innova-

tion in Fall 2010. This course was made up of 15

students from the LLC and 9 additional female

students. Efforts to further evaluate the effective-

ness of the WISE LLC set-up are currently on-

going.

Outside of the all-femalemake-up of the class and

any instructor-specific differences in carrying out

the course, there were no differences in course

structure or content compared to the mixed gen-
dered sections. Both the Fall 2009 and Fall 2010

cohorts were taught by the same instructor (a

tenure-track female faculty member in mechanical

engineering). This instructor only taught one sec-

tion per semester, limiting direct comparison

between the all-female course and an identical

traditional mixed-gendered course during the

same semester. However, the instructor taught the
traditional mixed-gendered course in Spring 2009,

Spring 2010, and Spring 2011, noticing many differ-

ences in the class and interactions among class-

mates.

4. Student reactions from the all-female
class

To solicit student reaction to theEGR103 engineer-

ing and design experience in general, aswell as to the

all-female nature of the class, an end-of-course

reflection paper was assigned. Reflection papers
are used sporadically throughout the EGR 103

Engineering Innovation curriculum to help students

reflect on and process milestone activities, such as at

the conclusion of the small-scale project and after

the counseling center facilitates a Myers-Briggs

activity on teamwork development. In the case of

the final course reflection, students were assigned to

write a minimum two-page double-spaced paper.
They were provided a series of prompts that they

could use to guide their reflective response, though

they were not required to. The following prompts

were provided:

� What did you learn from this experience?
� What changed between Project #1 and Project

#2?

� What surprised you?

� Did you enjoy the experience? Were there parts

you liked more than others?

� How did you function in a group?

� What do youwant to remember from this class to

help you in future classes?
� What did you think of your experience being in an

all-female class?

For the Fall 2010 cohort, these reflections were

evaluated to identify and categorize common

themes. The instructor read through all papers
and counted the number of students who provided

a response that fit into one of the identified themes

pertaining to the all-female class. Of 22 reflections,

all but 2 students commented in someway about the
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Table 1. Student Survey Response to Important Course Objec-
tive-Related Questions for Fall 2010

Survey Statement

% of Students
Responding
‘Agree’ or
‘Strongly
Agree’

As a result of working on this project I have
enhanced my ability to design components
and/or processes to meet needs.

94%

This course improved my understanding of
the role of engineering to serve society needs.

94%

Through these projects and the design process
I believe I am able to develop creative and
innovative solutions to engineering problems.

93%

Because of the team projects I believe that I
will be better able to function on
multidisciplinary project teams.

93%

I believe I learned a great deal about design
and the design process.

91%



all-female nature of the course. Overall, the major-

ity of students reported the all-female nature of the

class to be enjoyable and/or beneficial, including 4

of the 8 reflections of students who had not self-

selected to be in the section (non-WISE LLC

members). Ten students directly commented that
they liked and/or enjoyed the course and/or found it

overall beneficial, with another implying the same.

Another 5 students felt that the course was generally

good, but also expressed that there were both pros

and cons to such a course. Four other students, all of

which were not members of theWISE LLC but had

placed in the course, stated that they would have

preferred a mixed-gendered class.
Table 2 shows the top three perceived benefits of

the all-female engineering design and innovation

course, and the top three perceived consequences, as

judged by number of reflections stating each.

A central theme, present in over half of all of the

reflections, related gender to the building of proto-

types. Some students expressed fear and embarrass-

ment in using the power tools in class due to lack of
experience. However, many also expressed feeling

that they had increased opportunity to practice

using these tools and to become more comfortable

with them than they would have in a traditional

mixed-gendered course, where they assumed the

prototype building would fall to more experienced

male students. With this increased opportunity

came new knowledge gained and seemingly pride
by ‘having to’ use the tools. The opportunity to be

involved in the actual building of the prototype was

a perceived benefit that some students felt they

would not have had if they were working in a

group of male peers. Instead, these students felt

that if males were present, their own contribution

to the project would have been primarily related to

the report writing and other organizational tasks. In
contrast, 3 students commented instead that they

felt that not having male students to substantially

contribute to prototype and model building was a

detriment. These students conveyed that females

don’t have enough building skill to prepare compel-

ling prototypes, implying that the male presence

would have enhanced their ability to create a more

technical product. Interestingly, sewing played an

important role in half of the class projects in the all-

female class, with one student even proposing that if

the school had a band saw then it should have a

sewing machine too.
In addition to becoming more comfortable in the

use of tools and having a perceived opportunity to

be more involved in technical aspects of the engi-

neering design and innovation process, another

commonly identified benefit of the all-female class

was the ability toworkwith similar people. Students

implied that they felt their female classmates had a

more similar work style and ethic to their own. This
included a perception that themajority of females in

the class were strong in organization, truly had

passion in the course work and/or engineering

career paths, and also were more likely to partici-

pate fully in the groupwork (as compared tomales).

In contrast, the most commonly cited conse-

quence of an all-female class was the absence of

diversity of thought from the engineering design
and innovation process. Students felt that the male

presence would have brought new insight, perspec-

tives, and general diversity to the designs. This may

have been in direct response to a seminar that all of

the EGR 103 course sections participated in related

to innovation and the need for diverse teams to

generate the best ideas. The speaker gave the exam-

ple of a design idea that had failed because it was a
baby product and yet there were nomothers or even

females on the design team.This helped heighten the

need formale presence in the class to generate better

design alternatives. In light of this, students were

given an opportunity to bring outside individuals

that could cover any missing perspectives into class

for brainstorming day, however nogroupdid. Itwas

clear, though, that students recognized that diver-
sity of thought is important to be a successful and

innovative engineering team and that without the

male perspective they may be at a disadvantage.

The last perceived consequence was that some

students felt that the presence of males in the class-

room would have added a needed balance to the
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Table 2. Top Three Perceived Benefits of the All-Female Engineering Design and Innovation Course and Top Three Perceived
Consequences

Benefits
Students
Reporting Consequences

Students
Reporting

1. Felt more comfortable expressing ideas and
presenting; Felt less intimidated.

8 1. A male perspective could have brought new
insight, perceptions, or diversity to designs.

6

2. Increased opportunity to use the tools and
participate in all aspects of the design process,
not just report writing.

4 2. Females did not have enough building skills
to produce strong prototypes.

3

3.Worked with people of a more similar work
style, organization, passion, and likelihood to
participate.

3 3.Males would have added a needed balance to
the course, limiting ‘drama’ .

3



class, particularly in eliminating ‘drama’.Only three

individuals mentioned this, and it may be that they

were on teams that had occasional problems or

personality clashes. One of the unique challenges

as related to cohorting WISE LLC students, or any

group of students who are in long-term contact, is
that often issues peripheral to class carryover to

class conduct and interactions. On occasion this has

proven true in the EGR 103 Engineering Innovation

course when conflicts occurring in the dorm sur-

faced in the classroom.

5. Implications for practice

University of Dayton’s EGR 103 Engineering Inno-

vation course, and the option of an all-female

section, provides one possible model for teaching

the innovation process at the first-year level. Overall

findings indicate that offering an all-female course is

feasible and is perceived by most students to be a

beneficial experience. The longitudinal impact of
this type of course offering is currently unclear. It

does appear, however, that the placement of stu-

dents who did not self-select to be in an all-female

course has more mixed results—4 of 8 non-WISE

LLC students responded positively toward the all-

female nature of the course, with the other 4 having

wished they had been in a traditional mixed-gen-

dered class.
More importantly, the perceived benefits and

consequences of students being in the all-female

class provide insight into the ways courses might

be structured to encourage all students, especially

those historically underrepresented in engineering,

to succeed. Engineering innovation courses, where

students are often expected to build prototypes and

contribute successfully to teams, may be especially
susceptible to gender-differences.

The most significant perceived benefit of the all-

female course was that students believed that they

were more comfortable and less intimidated than

they would have been in a mixed-gendered class. As

the students taking this course had no prior experi-

ence being in an engineering course with males, it is

unclear whether these concerns would have played
out or been left unfounded. Regardless, it was clear

that at least 40% of the class had the perception that

male students would have not listened to their

opinions and/or that they would not have felt as

comfortable sharing ideas with male peers. The all-

female nature of the class enabled the increased level

of participation from individuals who may have

stayed quiet in a traditional course. The main
implication of this is that there may be a need for

educators in design classes to be cognizant of such

students and provide avenues so that all team

members can contribute without feeling fear or

embarrassment. One way in which this can be

accomplished is through utilizing design and inno-

vation methods that allow for a time of individual

reflection, brainstorming, and/or sketching prior to

moving on to group activity. One such particularly

effective method for ideation is the use of post-it
note brainstorming [16]. In this method, all indivi-

duals involved spend a set time individually writing

design alternatives on post-it notes. Individuals are

encouraged to be outlandish, incomplete, and go for

quantity. After the set time for independent work

has elapsed, students then go around the team, and

one-at-a-time read and presents one of their post-it

note ideas to the group. The group does not discuss,
but rather jots down ideas that this makes them

think of on new post-it notes. Such a method not

only improves innovation of ideas, but also ensures

full participation by all and does so in a fairly

comfortable setting and manner. It is hoped that

by building confidence early, later in the engineering

curriculum feelings of intimidation or fear around

male peers will be much reduced, though research is
needed to ensure that this does happen.

Another important theme that emerged was

related to tool use and prior hands-on knowledge.

A number of females in the class had limited

experience using tools, and were therefore initially

uncomfortable and fearful of using the power tools

for building. Because of the large proportion of the

class in this situation, this was proactively addressed
in three main ways. The first was that at the

beginning of the course the team-making survey

tool CATME Team-Maker [17,18] was used to

create teams in a way that distributed individuals

with prior woodshop/machine-shop experience

evenly. CATME Team-Maker is an on-line, freely

available software that allows the instructor to pre-

select questions of interest that can be used to pair
teams. Students then respond viaweb-based survey,

and CATME Team-Maker assembles the teams

based on the instructor’s desire to group similar or

dissimilar students for various criteria, such as prior

shop skill. A second initiative was the offering of an

optional introduction to woodworking workshop

specifically for the WISE LLC. This was done prior

to the prototype building portion of the course. A
facilitator helped students build a functional shel-

ving unit that could be used in their dorm room,

while teaching students through the activity funda-

mental skills in basic tool use. This event was

followed-up with a module that all EGR 103 Engi-

neering Innovation students participated in, which

was a tool safety training organized by the School’s

safety officer. Students were first taught and then
had to demonstrate an ability to work with various

hand tools, power tools, a drill press, and a band

saw. Instruction included basics such as how to
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remove a battery from a battery-powered drill and

how to change a saw blade in a jigsaw, all of which

students were then required to demonstrate an

ability to do. Though seemingly basic, this was

very important that everyone got the same informa-

tion and helped individuals with lesser experience
without singling them out. Such activities when

implemented in a mixed-gendered class may serve

to accelerate the learning curve and comfort of

students with less experience using tools, both

male and female. Indeed, in this case, students

began prototype building with increased enthu-

siasmanddid so safely. This is further demonstrated

in the reflections which noted pride at using tools.
Related to this is a student perception that if

males who were sufficiently experienced with tool

use were in the class, female students with less

experience may never have gotten a chance to try.

Especially at the first-year level, it may require

facilitation as the instructor to ensure that roles

are divided fairly, perhaps even forcing rotation of

group members between various roles. Often more
experienced students are happy to help demonstrate

and encourage a team member, but may not auto-

matically think to do so unless prodded by the

instructor. A related concern as conveyed by the

reflections was that female students felt that they

would most likely be assigned more organizational-

type or a secretarial role in amixed-gendered group,

and indeed this commonly happens. One easy way
to overcome this in the set-up used by EGR 103

Engineering Innovation, which has two distinct

course projects, is to re-assign team roles when

Project 1 is complete such that everyone gets prac-

tice taking on different roles in the engineering

design and innovation process. Such roles might

include project manager, lead designer, technical

editor, production supervisor, and team recorder.
Another concern regarding prototype building

was that some of the all-female class students felt

at a disadvantage because the teams, as awhole, had

significantly less prior experience using tools or even

familiarity with building materials and hardware

than traditional teams, limiting them in what they

could create. These students felt that they could

have built a much more technically sophisticated
functional device if they had males on their team,

with the assumption that the majority of males had

prior experience. Perhaps it is in light of this that so

many of the designs took a more creative or arts-

and-crafts style spin. This is not to say that the

resulting prototypes were not sound ideas and

carried out well, but rather materials such as foam

board and hot glue were used, and elaborate sewing
projects were carried out. Material requisition has

been substantially different for the all-female classes

taught, with more trips to crafting and fabric stores

for supplies such as modeling clay, metallic paint,

fabric, and colored markers. Many teams still do

need some ‘traditional’ supplies such as lumber and

screws, but these are often in addition to the crafting

material. Though not entirely conventional within

the scope of engineering design courses, these craft-
type supplies seemed to enhance the creativity of the

projects made, often resulting in more aesthetically

pleasing prototypes. In practice, this maymean that

instructors want to be proactive in providing such

materials and/or making it known that materials

canbepurchased fromsuch stores. It is likely that all

students would benefit from the creative and artistic

expression, one which females may be more apt to
think of, but may also be uncomfortable to suggest

per the earlier discussion on intimidation when

proposing ideas—i.e. not wanting to look foolish.

As one of the students suggested in her reflection,

design clinics may also want to consider purchasing

less conventional tools and equipment, such as a

sewing machine. For the number of teams that

undertook some form of sewing in their projects,
the time that had to be devoted to sewing by hand

took up a good portion of the allotted prototype

building time. A sewing machine would have

increased productivity and ease of building, just as

a band saw is more commonly used than sawing by

hand.

Though not exhaustive, it is thought that these

practices may help engineering design and innova-
tion courses better accommodate diverse indivi-

duals, particularly females and other traditionally

underrepresented groups. Such efforts, many quite

easy to implement, may provide the supportive

environment that ultimately increases student

retention, leading to a stronger and more diverse

workforce.

6. Conclusions

In conclusion, the lessons learned from an all-

female first-year engineering design course lead to

the following recommendations, which may make

all engineering design classes more inclusive:

� Use surveys such asCATMETeam-Maker [18] to

ensure students with prior shop and woodwork-

ing experience are fairly distributed among teams

� Encourage brainstorming methods that allow

students who may be introverted a structured

time to share ideas with the group after a period

of independent thought (e.g. Post-It Note Brain-
storming)

� Provide tool safety training and optional out-of-

class workshops where students can learn to use

tools while building something useful in a more

social environment
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� Visit arts and crafts stores for prototype-building

supplies, to compliment more traditional materi-

als purchased at lumber and hardware stores.

Doing so will often have the added benefit of an

increased attention to aesthetics of the prototypes

� Consider the purchase of a sewingmachine to add
to a traditional machine shop

� Carefully monitor student roles within the team,

encourage rotation so that all students actively

participate in all steps of the process
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