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Following good design practice, capstone design instructors often try out new teaching strategies and activities in their

capstone courses, hoping to find useful tools to support student learning. Some of these ideas are a riotous success; others

fall completely flat. The ‘‘Nifty Ideas and Surprising Flops’’ panel session at the 2010 Capstone Design Conference

featured eight such ideas—some of them nifty, some of them floppy, and some with aspects of both—presented in a rapid-

fire manner with rich discussion. Several of the ideas addressed oral presentations in capstone courses: scoring rubrics

utilizing engineering executive input, voice-over narratives, and elevator pitches. Two of the ideas focused on mentoring:

graduate studentmentors for capstone teams, and verticalmentoring. The other three ideas covered a design ‘‘boot camp’’,

broader impacts essays, and back-of-the-envelope calculations. This paper provides additional detail about the eight

different ideas, including how they were implemented, to what extent they were successes or flops, and how they have been

modified as a result. Capstone instructors are encouraged to try out their own versions of these ideas, leveraging the

successes and learning from the flops presented here.

Keywords: capstone design pedagogy; oral presentation; engineering executive input; elevator pitch; engineering broader impact;
preparation for capstone design; capstone design mentoring; design calculations

1. Introduction

Capstone design courses are a common element in

engineering programs [1] and the engineering edu-

cation literature (such as conference proceedings

from the American Society for Engineering Educa-

tion (ASEE), Frontiers in Education (FIE), the

International Conference on Engineering Educa-
tion (ICEE), the American Society for Mechanical

Engineering Design Engineering Technical Confer-

ence (ASME-DETC), plus the Journal of Engineer-

ing Education, the International Journal of

Engineering Education, andAdvances in Engineering

Education) are replete with papers about capstone

design. Many of these publications focus on pri-

mary components of capstone courses—projects,

teamwork, connections with ABET—or the struc-
ture of the entire course. Despite the fact that
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capstone design instructors often try out new teach-

ing strategies or activities in their courses with the

goal of improving student learning, very little of the

capstone literature addresses these smaller educa-

tional nuggets (good or bad), likely because most of

them are not substantial enough to warrant a full
paper by themselves.

In an attempt to capture and highlight some of

these lesser known pedagogical successes and fail-

ures, the 2010 Capstone Design Conference fea-

tured a panel entitled ‘‘Nifty Ideas and Surprising

Flops’’. The panel was modeled after similar ses-

sions at other conferences [2–4] in which presenters

had ten minutes or less to present an intriguing idea
or pedagogical practice. Capstone design instruc-

tors were encouraged to submit a nifty idea or

surprising flop for consideration in this panel;

eight submissions were included in the final panel.

Each presenter was limited to three slides and a ten-

minute slot, including questions; presenters were

encouraged to discuss whether their nugget was a

nifty idea or a surprising flop—or both. The audi-
ence asked a few questions after each presentation,

sometimes offering suggestions for future modifica-

tions.

This paper provides additional detail on the eight

nifty ideas and surprising flops presented in the

conference panel, beyond what was submitted in

the initial proposals (see the capstone conference

website for the proposals: http://www.capstoneconf.
org/resources/2010%20Proceedings/NiftyIdeasSurp

risingFlops/index.html). The eight ‘‘nifty ideas/

flops’’ are grouped into three categories, as

shown in Table 1 below. Each nifty/flop is pre-

sented in turn, including a description of the

concept, the outcome of its implementation, and

a discussion of lessons learned and/or plans for

future modification.

2. Scoring rubrics for oral presentations
utilizing engineering executive input

2.1 Description

This nifty idea addresses student presentation skills

development for both academic and engineering
workforce related goals. The academic goal is to

teach students how to give engineering presenta-

tions for capstone design. For the engineeringwork-

force we want to prepare students to get a better job

upon graduation and ascend the career ladder more

quickly.

Our approach to achieving these goals involves

delivering systematically designed instruction that
starts with executive input (from executives with

engineering backgrounds whose companies hire

many engineers) to identify specific areas of focus.

This input was then modified using faculty input

and piloted to adapt appropriately to academic

settings [5–6].

The context for delivery of the instruction is a

dedicatedWorkforce CommunicationLabwith five
fully functional presentation stations where indivi-

duals and teams practice and receive feedback. Use

of this resource is recommended but not required

for students as they prepare for six required pre-

sentations. The lab has logged over 11,000 student

visits since opening in 2003, with 700 of those visits

during the first semester of the implementation of

the current instruction.

2.2 Tools

We have developed three tools to support the

instruction. The first tool is the scoring rubric,

which includes 19 skills falling into four categories:
1) customizing to the audience—for example,

describing concepts at just the right level for the
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Table 1. Nifty Ideas and Surprising Flops by Category

Category Nifty Idea/Surprising Flop Title Proposing Authors/Institutions

Oral Presentations Scoring Rubrics for Oral Presentations
Utilizing Engineering Executive Input

Judith Norback and Tris Utschig
(Georgia Institute of Technology)

Voicethread for Student Presentations Kevin Caves
(Duke University)

Elevator Pitches Cameron Turner
(Colorado School of Mines)

Mentoring Employing Graduate Students as
Technological Advisors

Carsten Kleiner
(Univ. of Applied Sciences and Arts)

Vertical Mentoring in Design Renee Rogge and Glen Livesay
(Rose-Hulman Institute of Technology)

Other Concepts Design ‘‘Boot Camp’’ Glen Livesay and Renee Rogge
(Rose-Hulman Institute of Technology)

Broader Impacts Essay Cameron Turner
(Colorado School of Mines)

Back-of-the-Envelope-Calculations Susannah Howe
(Smith College)



audience, 2) telling the story—for instance, clearly

illustrating major points by linking to additional

relevant information, 3) displaying key informa-

tion—for example, creating graphics that are

visually appealing, easy to understand, and include

helpful labeling, and 4) delivering the presenta-
tion—for instance, adapting tone, volume and

pace to emphasize key points.

Executives’ behavioral descriptions of ‘‘Wow’’

performances for each of the 19 skills comprise the

second tool. Their input for the skill taking ques-

tions includes using the following protocol when

answering a question: clarify the question if needed,

repeat the question if needed, answer concisely, and
confirm answering the question (by saying some-

thing like ‘‘is that clear?’’).

The third tool is the Teachers’ Guide that covers

specific suggestions for providing feedback on each

skill to students. For example, for the skill personal

presence, which is described as effectively combin-

ing energy, inflection, eye contact, and movement,

tips include 1) be definite about your information, 2)
avoid using notes—instead use a great deal of eye

contact, and 3) avoid talking only to the audience

member with the highest authority.

2.3 Outcome

Our data show evidence of success based on student

self-reports. Survey responses indicate the instruc-

tion is having a positive impact on student presenta-

tion skills in capstone design. First, there is a

statistically significant improvement in student rat-

ings of both their confidence and competence in

presenting, as shown in Table 2.

Second, survey results indicated specific skills
from the rubric on which students received the

greatest benefit:

� Graphics are visually appealing, easy to under-

stand, include helpful labeling
� Maps/charts/graphics/pictures/illustrations used

clearly support key points

� Links different parts of presentation; uses appro-

priate transitions

� Information is easily understood due to layout;

color is used appropriately

Finally, from our efforts in developing the content

[6], executives identified several skills not typically

included in presentation rubrics. For example,

‘‘consistently refers to how key points fit into the

big picture’’ is extremely important in workforce

settings, but often overlooked in academic settings.

Of note, students indicated needing more help in

this skill.
In order for the scoring rubric and other tools to

be used consistently, we provide training to those

using the rubric, including our TAs. They ratemany

videos in conjunction with an instructor and discuss

the reasoning behind the ratings until reasonable

convergence is achieved.

2.4 Discussion

Wehave kept a list of suggestedmodifications to the

supplemental materials, and a few on the rubric

itself. Additionally, work on improving inter-rater

reliability continues. This will result in additional

changes to the tools. We will be making the changes
after we have completed collecting data from our

second and third semester of capstone design—Fall

2010 and Spring 2011—using the current tools.

Other universities have already started using the

scoring rubric in part or as a whole. Professors may

choose to select only those skills they feel their

students need to focus on. Anecdotal evidence

indicates the tools can be applied effectively in a
variety of settings and in different ways. For exam-

ple, at one school the professor asked the students to

rate his presentation, and now he reports students

are using the rubric when preparing their own

presentations. A copy of the most recent rubric

and supplemental materials may be obtained by

contacting the affiliated authors of this idea.

3. Voicethread for student presentations

3.1 Description

The ability to convey a message through an oral

presentation is an important skill and an expecta-

tion of ABET accredited engineering programs. In

the capstone design course calledDevices for People

with Disabilities, students prepare and deliver three

oral presentations: a project proposal, progress
report, and final summary presentation. Each pre-

sentation has specific goals and is scored according

to a presentation rubric. Two primary goals of the

presentations include the following: 1) practice in
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Table 2. Results of t-Tests Demonstrating Improvement

Before Instruction After Instruction

Survey Statement Mean SD Mean SD N P

I am confident in my presentation skills. 2.73 0.76 3.04 0.73 141 <0.0001
I am competent in my presentation skills. 2.88 0.59 3.16 0.68 141 <0.0002



preparing and giving oral presentations and 2)

getting content feedback from clinicians, end users

and other content experts.

As noted earlier, the second presentation is the

progress report. It typically occurs about 8 weeks

into the 16 week semester. At this point in the
semester, students have received approval on their

statement of needs, project goals and device speci-

fications. In addition, they should have completed a

functional prototype of the device. This is a critical

time in the planning of the project because any

significant changes to the design or approach need

to be made while there is still time to deliver the

completed device. At this stage, the device as it is
conceived may not have been widely vetted.

A major goal of the second presentation is to get

feedback from content experts on the design and

approach. Students discuss the client, the need and

the design/device being proposed to address the

problem. We invite content experts such as people

with disabilities, therapists and clinicians, teachers,

professionalswhoworkwithpeoplewithdisabilities
and engineering professionals and faculty. Given

that our presentations are conducted during class

time in the middle of the day and that parking on a

university campus leaves much to be desired, atten-

dance at the presentations by the content experts is

usually low.

In place of traditional oral presentations, we had

student teams prepare Voicethread presentations
for their second oral report. Voicethread is a tool

that enables presenters to upload a Powerpoint

presentation and record a voice-over narration,

creating a multimedia presentation that can be

shared on the internet. The tool is very easy to use

and students can include pictures, videos, and docu-

ments, and can highlight information by drawing or

pointing using the mouse. These highlights are
saved and are seen when viewed by others.

The presentations were shared with project advi-

sors and other individuals who could provide feed-

back to the teams on the design. Sharing the

presentations simply requires emailing an internet

link. Presentations are viewed through a standard

internet browser. No special software or viewer is

required. Voicethread also allows those viewing the
presentations to make text, audio and/or video

comments on the presentation from any PC or

Mac, but this feature requires a user account. To

facilitate comments by outsiders, we created a gen-

ericuseraccountandgaveout the login information.

3.2 Outcome

Our goal in using Voicethread was to get more

feedback from content experts by eliminating the

need to travel to the presentations, or even be

available in real time. The presentation links were

sent to a list of about 150 content experts including

medical/rehabilitation professionals, people with

disabilities, engineering faculty, clinicians, thera-

pists and others. We received more than 25 email

comments such as ‘‘this is great, can’t wait to watch

them!’’ though very few people not directly involved
with the projects left comments or even emailed

project teams. People were intimidated by having to

log in to provide feedback.

Using online presentations proved a good way to

get feedback from the assigned project advisors and

we will likely use online presentations again. Advi-

sors greatly appreciated the opportunity to view the

presentations and reported that they would not
have been able to participate otherwise due to

commitments or conflicts.

Another unanticipated benefit of the Voicethread

presentations was the improved quality of the

second presentation. All the presentations made

good use of multimedia material, effectively com-

municated theirmessage and ended on time (a rarity

in student presentations). Since students needed to
write out a script and could re-record, the presenta-

tions were more effective.

Finally, the experience was a useful trial with new

media. While employees of the future will still need

to do formal presentations, more and more work

with be conducted using technologies such as Voi-

cethread.

3.3 Discussion

We intend to continue the use of an online, asyn-

chronous,multimedia presentation for a least one of

our student presentations. For the next offering, we

are developing aWordpress blog site that will allow

us to post multimedia information and presenta-

tions.Reviewerswill be able to look at presentations

as well as other supporting material and provide
comments in formof an email or blog post.We hope

that this more familiar format, and the fact that

reviewers can follow the project throughout devel-

opment will result in more feedback from the

content experts.

4. Elevator pitches

4.1 Description

This nifty idea is an assignment for student teams to

deliver a public elevator pitch, scheduled for the

sixth week of their project work on a client-spon-

sored project. Prior to this assignment, the design

teams have met with their client to develop an
understanding of the project and documented the

scope, schedule, deliverables and budget associated

with the project in written form submitted to both

the client and the course faculty. The elevator pitch

assignment asks the design team to develop a
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concise problem description in the form of a 90-

second pitch associated with a single presentation

slide.

A classical elevator pitch is a project description

that can be delivered during an elevator ride with a

prospective client/customer. Successful pitches rely
on the ability to concisely describe the problemwith

limited illustrations. A team must have crystallized

and internalized the problem to develop and present

a successful pitch. The assignment is defined to

mimic the circumstances of an elevator pitch, with

severe limits on the time (90 seconds) and material

allowed (one slide).

4.2 Outcome

The Colorado School of Mines operates a two-

semester, interdisciplinary senior design program

for civil, electrical, environmental and mechanical

students. Nearly 250 students participated in the

program in 2009–10 in either the fall-spring (nom-

inal) or the spring-fall track. During the course,
students are introduced to design methods and a

reverse engineering project in the first eight weeks of

the course, before embarking on a client sponsored

senior design project for the remainder of the

course. Conceptual designs are expected at the end

of the first semester, and the second semester con-

cludes with a trade fair project exhibition, where the

students present their designs to the campus com-
munity and industrial partners.

Teams were assigned to deliver their elevator

pitches toward the end of the first semester, six

weeks into the project. The pitches were presented

to an audience composed of the other students in the

course, the course faculty, and judges from the

campus community who attended the end-of-seme-

ster trade fair for students completing the second
semester of the course. This audience worked on

several levels. For the students, it gave them a

chance to see what their peers are doing before the

first round of public design reviews which were

scheduled for the seventh week of the project.

From the perspective of course operation, these

pitches served as an opportunity to encourage

judges to return the next semester for trade fair, if
only to see the results of the pitched projects.

Project grading was done by the course faculty

and by the other students. Student involvement in

the grading encouraged the students to recognize

the good and the bad components of each presenta-

tion. Mistakes made by teams in the pitch presenta-

tions were rarely repeated in the subsequent design

reviews.

4.3 Discussion

The creativity of the students in this assignment was

astounding. Many used animations within their

pitch slides, and the day was one of the most

entertaining days of the course. This nifty assign-

ment has been a success pedagogically and as a

publicity tool for the course. Slide from the current

semester are posted on the coursewebsite and canbe

seen at http://engineering.mines.edu/research/senior-
design/ or requested from the affiliated author of

this idea.

5. Employing graduate students as
technological advisors

5.1 Description

The setting for this idea is a one-year capstone

project/course in which a teamof about ten students

works on a given software development task. This

course is often offered in close cooperation with

external customers from industry, academia, or

non-profit organizations. Most of these partners

do not impose any technological restrictions on
the product to be developed as they rely on the

expertise of the university in these matters.

We have often run into a clash of interests when

deciding on a technology to be used in the project to

build the software product [7]. The instructor’s

interest is more long-term, such as obtaining a

finished product rather than a partial solution due

to unexpected problems with a new and only
vaguely tested technology. The final product

should be easily maintainable and lead to a satisfied

external partner in order to build a sustainable

relationship. On the other hand the students in

many cases are more short-term oriented. They

want to use the newest ‘‘cutting-edge’’ technology

because this is one of the rare chances where they

will be able to try this in a real-world setting. Also,
they focus onperformingwell in the course itself and

do not take the outcome as seriously as does the

instructor.

From amotivational point of view [8–9] it is not a

good idea for an instructor to superimpose a tech-

nological choice on the student project team. Stu-

dents feel they should be doing such a design

themselves. Also, problems throughout the project
might be blamed on the unwanted technology. Since

students in these projects tend to be advice-resistant

towards the instructor for technological choices,

moving a student team toward the desired technol-

ogy can be a great challenge.

This nifty idea is to have a team of two graduate

students support the undergraduate project team

[10–11]. The graduate students participate as a
practical exercise in their own Project and Quality

Management class (first semester of the master’s

degree program) and act as mentors for the under-

graduate team. Whenever a technical controversy

S. Howe et al.1178



arises the graduate student mentors and the course

instructor meet to discuss the situation and make a

technological decision. In the next meeting with the

undergraduate project team the graduate students

argue to use the desired technology, using argu-

ments related to the technology’s applicability to
future classes, widespread use in industry (as

informed by the graduate students’ recent practical

experiences), and relative ease to learn.

5.2 Outcome

The nifty idea has worked very well twice already.

One time was associated with a project to develop a
web-based document management system. The

undergraduate team wanted to use PHP to develop

the web GUI, but the instructor/mentors wanted

them to use Java technology in order to obtain a

better manageable product for future extensions.

The mentors told them that they would need Java

enterprise technology in the upcoming semester and

their master classes anyway, which easily convinced
the team. In another project the instructor/mentors

wanted to use a specific type of database system in

order to obtain more experiences with its features

and capabilities. This time the mentors argued that

in all their practical experiences they had used that

particular database system. Again the undergradu-

ate team was easily convinced.

The reason the mentoring process works better
than the instructor trying to convince the under-

graduate team is probably that the graduate stu-

dents are very close in age to the others and have a

similar background. Obviously the graduate stu-

dents advice is valued more highly by the under-

graduate students than is the advice of the instructor

as a long time professional. Maybe students doubt

that the instructors really know recent technologies
or think that instructors have different interests.

5.3 Discussion

A key success factor is that the graduate students

used as mentors must be introduced in the first team

meeting. They have to support the project team

throughout the whole project, building a trust

relationship between the project team and the
mentors, which further increases the mentors’ cred-

ibility. If the mentors attended only team meetings

with controversial technical discussions, the project

team would not heed the opinion of the mentors.

The mentoring also has to be a meaningful task for

the graduate students otherwise they might not be

sufficiently motivated to convince the project team.

Our experienceswith paid teaching assistants are far
worse than with the graduate students participating

as practical exercise for their own graded course.

It is worth mentioning that this mentoring does

not work for all graduate students. It is only

appropriate for students who are interested in

becoming software project managers or system

architects later. Mentoring requires very strong

communication skills, which are typically more

likely to be found in future project managers or

architects than in technical experts.

6. Vertical mentoring in design

6.1 Description

In an effort to help students appreciate the impor-

tance anddepthof their design knowledge through a
specific demonstration of this ability beyond their

capstone design project, a ‘‘vertical mentoring’’

scheme was implemented in biomedical engineering

(BE) design. The BE design sequence is a total of

four quarters long, comprising 12 credit hours on

the quarter system. The ability to utilize BE seniors

to mentor juniors in the spring quarter is embedded

in the overall structure of the design sequence.
During the first course in the Spring term, the

Juniors learn the design process and complete detail

design on a project. During the Fall and Winter

terms of the Senior year, students undertake a

capstone design experience in the traditional sense;

they work with clients, develop and document

designs, fabricate, test, and (ideally) deliver a work-

ing product to the client. In the Spring term, the
Seniors are in their fourth design course as a new set

of BE Juniors enter the design sequence. This

arrangement has allowed us to implement amentor-

ing arrangement that fits well with the concluding

course in design. In the final spring course, Seniors

are learning about larger context issues in design

(meaning larger than just their project and regula-

tions, etc.), and at the same time they serve as
mentors to Juniors undertaking their first design

project. The Seniors are coached on the basics of

mentoring and learn about student types and cog-

nitive development, both to help them be better

mentors and enable them to identify and correct

mismatches in mentoring they may receive in the

future.

6.2 Outcome

Although vertical mentoring is challenging to

orchestrate, it has been a successful and important

interaction for both the Juniors and the Seniors. The

Seniors are mentoring Junior teams working on

projects with which the Seniors have no prior

experience and finding that their design learning is

broadly applicable (that is, that they did actually
learn something in design . . . it wasn’t all just

‘‘common sense’’). The Seniors also get the oppor-

tunity to serve as ‘‘experts’’ for the Junior teams,

and learn that advising/guiding a design team is

more involved than simply telling the Junior teams
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what to do; in fact, they learn that it is more

important (and more difficult) to ask leading ques-

tions in order to help focus the team’s efforts. To

underscore this, we make it clear that their evalua-

tion as mentors is based on the quality of the

feedback and guidance that they provide, not on
the design performance of the Junior team.

The major benefit perceived by the Juniors,

beyond the guidance they receive on their projects,

is the immediate vocational relevance that is pro-

vided to the design sequence. The Seniors represent

where the Juniors will be next year at the same time,

and since the Seniors ‘‘know what they are doing’’

this design sequence must be important. One very
positive outcome has been the feed-forward

mechanism associated with the mentoring process

in design; Juniors who receive good mentoring seek

to do a good job when they later mentor, and

Juniors who (feel that they) received less effective

mentoring strive to do a better job as mentors. This

has led to an increase in year-to-year expectations of

performance as mentors (and also in the entire
design course) from the students themselves,

which is a nice by-product.

6.3 Discussion

The Spring of 2010marked the 5th year we have had

Seniors serving as mentors for the Juniors as they

undertake their first design project, and while year-

to-year cohorts of students vary, the most notable
outcome from the vertical mentoring experience for

the Seniors has remained steady; it is not that the

Seniors were helping a junior design team, rather

that they realized that they were capable of helping.

Summative feedback from the seniors indicates that

they have more confidence in their own ability to

mentor design teams, and also in their ability to

conduct engineering design. This is interesting, since
the Seniors have already completed their capstone

design projects prior to mentoring the Juniors, and

there is no new technical design information that the

Seniors learn during the final quarter. Is it the

process of mentoring a design team that is building

this confidence in the Seniors’ abilities? This appears

to be the case, and serving as an expert, and perhaps

being that expert for the BE cohort just behind
them, makes the learning real for the graduating

seniors.

7. Design ‘‘boot camp’’

7.1 Description

Aspart of afirst course indesign taught in theSpring

quarter of the Junior year, students learn the design

process in preparation for their capstone experience

the following year. To make the process more real,

and to show the students what they could do, we

implemented this course as adesign ‘‘boot camp’’, to

bring students up to speed in engineering design.

The idea was to have student teams undertake the

design process on a common design project to

practice the design process before tackling a larger,

more open-ended design challenge working with a
real client in their Senior year. Since the Biomedical

Engineering program at Rose-Hulman does not

have a Freshman design course, this Junior course

represents students’ first formal introduction to

engineering design, and was intended to help them

overcome the traditional fears many students have

of Senior design (open-ended problem, document-

ing the design process, etc.) Therefore, to immerse
students in engineering design in this two-credit

course (one lecture and one lab period per week),

the students developed problem statements, gener-

ated design alternatives, completed detail design,

constructedaprototype, andcreated and implemen-

ted test plans. Students also fully documented the

design process and concluded with a formal pre-

sentation—all in a 10-week quarter.
When this first course in our four-quarter

sequence in design was developed, there were

many anticipated benefits to utilizing a boot camp

approach to design. After completing the course,

the students would knowwhat to expect, in general,

from the senior design sequence and the fear of the

unknown associated with the capstone design

experience would be largely removed (or at least
diminished). In addition, and for setting expecta-

tions, studentswould also have a feel for the amount

of work required to successfully complete a design

project. The boot camp experience was also

intended to provide an opportunity to practice the

design process in a safe environment where a less-

than-exceptional design solution would not be

devastating to the student or client. Finally, since
all student teams were working on solutions to a

common problem, it was anticipated that the

demonstration of multiple feasible solutions to an

open-ended problem would be encouraging to

many students. And finally, from our perspective

as instructors, we knew that the studentswould then

be able to hit the ground runningwith their capstone

design projects in the Fall of their Senior year.

7.2 Outcome

As instructors, wewere very excited about the depth

to which the students were engaged in the design

process in this boot camp approach, and we were

expecting (naively, it turned out) that our students

would be able to look back on what they had
achieved during this quarter and be proud of their

work. On the plus side, at the conclusion of the

course, studentswere indeed impressedwith how far

they had come and how much they had accom-
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plished. However, the boot camp approach did not

turn out as we had hoped; at the end of the course,

our design ‘‘recruits’’ were more than a little beaten

up.

In fact, since we have a four-quarter design

sequence that started with this boot camp course,
students ended up approaching the capstone design

experience in their Senior year with dread. Cloying,

dripping, acidic, toxic dread. And what is worse, it

turned out that the wind sprint in Junior Spring cast

a pall over the entire capstone design project, which

was nearly impossible to shake.

7.3 Discussion

Aswith all new ideas and implementations, we tried

the boot camp approach twice before substantially

changing the Junior Spring course. In the second

attempt, we did not incorporate a common design

problem, since this appeared to have engendered

competition that was perceived as negative and

direct competition between teamswas not intended.
Toprovide studentswithmore control, we had them

develop their own project, with guidelines for it

being ‘‘an assistive technology in the kitchen or

bathroom environment’’. This tweak, while

expected to be empowering in terms of project

ownership (we thought), and although we worked

with all teams to calibrate the scope of their projects,

turned out to be terrifying to the majority of
students. Most students felt strongly that there

was too much pressure to come up with a ‘‘good’’

project idea, and again, this left most of our rising

Senior dreading their capstone design experience.

To avoid the dread, but still prepare students for

their capstone experience, we scaled back a little on

the boot camp approach (although students still

think it is like design boot camp) when considering
our four-quarter design sequence as a whole. Spe-

cifically, students still undertake the design process,

but only through a detailed paper design, in their

first quarter of design. We also began utilizing

vertical mentoring, as described in Section 6

above, to help guide the Juniors as they learned

the design process. This scaled-back approach com-

bined with the vertical mentoring has worked well.
As noted in Section 6, the transmission of expecta-

tions for designwork from the Seniors to the Juniors

actually achieves one of the original goals of the

boot camp, with substantially less dread, and the

Juniors take the information to heart since it is not

coming fromus (the instructors). If nothing else, our

boot camp disaster provides great instructional

context (and still a good laugh) when we consider
how completely excited we were about it, and how

surprisingly badly things went from the student

perspective. [It also spurred our interest in the

development of a supplemental design course eva-

luation [12] focused on student perceptions of their

design experience (such as ownership, responsibil-

ity, and changes with time), which was a positive

outcome.]

8. Broader impacts essay competition

8.1 Description

Capstone design programs are generally an area of

focus during Accreditation Board for Engineering

and Technology (ABET) accreditation visits.

ABET visits seek to establish that 11 specified

program outcomes are achieved by the degree

granting program. In particular, criterion (h) is
very broad and presents a challenge in demonstrat-

ing that it is met in a particular part of the curricu-

lum. Criterion (h) demonstrates that the program

produces graduates with ‘‘the broad education

necessary to understand the impact of engineering

solutions in a global, economic, environmental, and

societal context’’ [13].

The challenge in meeting this criterion is that it is
typically the product of the education as a whole,

not a particular course. Therefore, it is difficult to

point to a particular course assignment as a demon-

stration of this criterion. That challenge was the

origin of this particular assignment: a 1500-word

essay, due during the second semester of the cap-

stone design course, on the following topic:

How has your engineering education prepared you to
consider the broader impacts of engineering design
solutions in a global, economic, environmental or
societal context?

8.2 Outcome

Unlike most of the other assignments, and in
particular the writing assignments associated with

the Colorado School of Mines (CSM) capstone

design program (as described in Section 4 above),

this assignment has a strong individual character.

Furthermore, this assignment clearly extends

beyond the scope of the senior design courses to

include the breadth of their educational experience.

One of the fascinating outcomes of this exercise was
the wide variety of classes that students associated

with this topic. This observation further reinforced

the perception of the faculty that this ABET out-

come is the result of the entire program rather than a

particular course or set of courses.

Essays were graded by the course faculty and the

top essays were identified and nominated for recog-

nition. Nominated essays were submitted to an
alumni panel for further judging. The finalists

were recognized at the trade fair judge’s breakfast

before the start of the trade fair project exhibition.

The top essays were also compiled and placed in the

Trade Fair Program distributed to the judges.
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8.3 Discussion

Froma faculty standpoint, this assignment has been

a nifty success. It provides a clear pointer whereby

ABET Criterion 3h can be evaluated. In addition,

the nature of the assignment asks students to inte-

grate their experiences from other courses into their

senior design engineering experience. This directly

challenges the tendency of students to view courses
as silos, where concepts do not carry over from

course to course. Furthermore, many of the judges

positively viewed the essays and the competition.

However, the student perspective was mixed.

Some relished the opportunity to consider their

education holistically, while others viewed this as

a meaningless ‘‘busy-work’’ activity and expressed

the opinion in course reviews that the ABET learn-
ing objectives had little relation to success in their

career. Many students were clearly uncomfortable

about their own writing skills (which is not at all

unexpected) and thus did not like an individual

writing assignment. Overall, we view this assign-

ment as a nifty idea, and believe that senior design is

an appropriate course for this type of assignment.

However, we would agree that its initial implemen-
tation is a qualified success in that it has highlighted

the need for further emphasis on individual writing

skills and on the role of ABET and accreditation

with respect to what students are learning. Several

of the top essays can be found in the trade fair

program on the CSM capstone design website

(http://engineering.mines.edu/research/senior-design/)

or requested from the affiliated author of this idea.

9. Back-of-the-envelope-calculations

9.1 Description

For many engineering students, their capstone

design course is a first experience with a complex,

open-ended, externally-sponsored problem. Some

students thrive in this new environment and dive

right into their projectwork, but others donot know

where to begin. This idea is intended to encourage

students to tackle technical calculations early in

their design projects, to identify relevant values
and design key calculations underlying their pro-

jects, and to make reasonable assumptions when

lacking information.

The assignment is introduced just after the project

teams have been formed, in the first meeting

between each teamand the project facultymembers.

In that meeting, faculty coaches work with the

students to identify the important quantitative
values to be calculated and/or type of design calcu-

lations to be completed for primary technical areas

of the team’s design project. The most relevant

calculations are then assigned one per student to

be completed as an informal ‘‘back-of-the-envel-

ope-calculation’’ and turned in the following week

along with the team’s progress report. As a twist,

each student is given an actual business-sized envel-

ope onwhich to do her calculations. This limits how

much the students can write/calculate, emphasizes
the intent of rough initial calculations, and adds an

element of humor. The calculations are discussed at

the following week’s team/coach meeting, and serve

as a jumping off point for continued technical

calculations. The faculty coaches also refer to

these back-of-the-envelope calculations later in the

course, especially when the team is working on

related technical issues.

9.2 Outcome

This assignment has been implemented in the cap-

stone design course at SmithCollege in twodifferent

years. The assignment was implemented as part of a

set of assignments to encourage students to identify

and build on the relevant technical knowledge that
they bring to the capstone design class. Recognizing

this specific knowledge is especially important in

Smith’s engineering science programwhere students

all have a common foundation but have taken

electives across the spectrum of engineering, and

may be working on a project that is not directly

related to their previous experience.

Overall this assignment worked fairly well both
times. Students were intrigued by the envelopes:

having the actual envelopes added humor and

successfully limited their work. Many students

made a solid attempt to dive into their calculations,

though some did not see/make the connections with

their design projects. More importantly, most stu-

dents were able to refer back to these early calcula-

tions later in the course, and recognize that they
already had a start on a particular technical issue

and/or a useful design parameter. In a few cases, the

faculty coaches assigned follow-up back-of-the-

envelope assignments to particular students or on

a particular issue (along the lines of ‘‘Why don’t you

do a back-of-the-envelope on that for our next

meeting?’’).

9.3 Discussion

This assignment was intended to force the students

to dive in right away, even if in a rough imperfect

way, and to understand early on the types of issues

and calculations that will be important to their

project. The assignment has several strengths: it

provides students a starting point in an otherwise

open-ended project, it encourages students to deal
with unknowns and make assumptions, and it

underscores the value of rough calculations/approx-

imations in starting and understanding a design

project. Moreover, it provides faculty a window
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into individual student work at the start of the

course. In its current form, however, the assignment

needs some structuring to identify appropriate

back-of-the-envelope calculations. Advanced stu-

dents can often identify and frame these themselves;

other students may need more assistance. Identify-
ing a wide set of possible calculations in a team

setting worked well.

This assignment also lends itself to several varia-

tions. Rather than being done over a period of

several days, the back-of-the-envelope-calculation

could also be given as a 5–15 minute assignment in

class or in a teammeeting, fitting the more common

interpretation of the quick turnaround calculation.
The identification of possible calculations could

also be extended to have the whole class brainstorm

calculations related to the current coursematerial or

specific projects. One of the attendees at the panel

session suggested that the back-of-the-envelope-

calculations be used to inform design requirements.

The assignment could also be given at multiple

points (for different calculations) during the cap-
stone course, rather than just once at the beginning.

10. Conclusions

Building on the conference theme of capstone

pedagogy, the ‘‘Nifty Ideas and Surprising Flops’’

panel at the 2010 Capstone Design Conference

featured eight pedagogical strategies tested by cap-

stone design instructors in their classes. This paper

presents the details behind each of the strategies,
with candid discussion of whether they worked or

flopped, and how they might be modified in the

future. Table 3 presents a summary of the ratings for

all the ideas, based on observations and experience

of the affiliated authors. The N/F column positions

each idea as either a Nifty Idea (N) or a Surprising

Flop (F). The usefulness column (5 = high, 1 = low)

reflects whether the pedagogical strategy yielded the
impact and student learning expected anddesiredby

the faculty. The effectiveness column (5 = high, 1 =

low) reflects the level of this impact/learning and the

associated cost to achieve it.

While the ideas vary substantially, two main

conclusions can be drawn from their collection.

First, capstone design instructors are clearly
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Table 3: Ratings for Nifty Ideas and Surprising Flops

Usefulness Effectiveness

Nifty/Flop Idea N/F (5=high, 1=low) (5=high, 1=low) Notes

Scoring Rubrics for
Oral Presentations

N 5 4–5 Rubric and ‘‘wow’’ descriptions helped students. Initial
development costs were high, but tools can now be
implemented elsewhere easily.

Voicethread for
Student Presentations

N 5 5 for student
engagement

1 for obtaining
stakeholder
feedback

While there was a learning curve, the online presentation
format enabled students to produce better presentations.

Although stakeholders commented that they liked the
online format, few gave any feedback.

Elevator Pitches N 5 5 The Elevator Pitch assignment proved effective as a
marketing tool for judges and as a tool to force teams to
achieve a clear concise project understanding. Student
feedback is also positive.

Graduate Students as
Technological
Advisors

N 5 3 The goal of having students use a specific technology has
been convincingly achieved, but the implementation
requires using graduate mentors throughout, implying a
rather high investment of time, money, and/or effort.

Vertical Mentoring in
Design

N 5 4 Vertical mentoring greatly benefits both juniors and
senior and results in a unique design experience.
Establishing course structure/logistics requires initial
time investment but yields good results.

Design

’’Boot Camp’’

F 5 2 The students did learn and do a lot in the 2-credit design
boot camp, and could see how much they accomplished
in a 10-week quarter. However, the perception of dread
that this initial level of effort instilled in many students
cast a pall over their entire capstone design experience.
Perception is an important instructional consideration!

Broader Impacts Essay N 4 3 Assignment raised student concerns about individual
writing skills, leading to additional work in grading and
managing the class. Students did integrate experiences
from other courses.

Back-of-the-Envelope-
Calculations

N 5 4 Some assistance with framing appropriate calculations
may be needed. Assignment costs little to implement and
has many possible variations and follow-up points.



invested in their students’ learning; they are willing

to try out new ideas, even if the ideas do not always

work at first. Second, the capstone community

benefits from broader sharing of pedagogical stra-

tegies (whether successful or not) for widespread

improvement of capstone courses. Future Capstone
Design Conferences, as well as other engineering

education conferences and journals, should create

space for informal and rapid sharing of smaller

effective (and ineffective) ideas for capstone design.
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