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Abstract — For an engineering capstone course to be suctessieral parties need to be involved: student
teams, faculty, and practitioners. In this pape,authors will discuss the benefits and disachget for those
involved in a capstone course. The reported obsiens are based on the combined experiences efuthers,
who have acted as capstone course instructor antbmengineering student employer, engineeringtiianer,
design course instructor, and judge of final capstdesign presentations. Inherent differencesdmivthe
university environment and professional practieerasted. The authors argue that, instead of depats being
required to have capstone courses, they should foeumeeting the broader goal of integrating piel practice
into engineering curriculum and should be abledoide how to accomplish this goal, with or withoapstone
courses.
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INTRODUCTION

Description of a Typical Capstone Course

A typical civil engineering capstone course priyaserves to fulfill a department’s program outcanehich are
usually based on recommendations of ABET, formknigwn as the Accreditation Board for Engineering an
Technology. ABET specifies general criteria focraaliting engineering programs. Criterion 3 camtail
Program Outcomes that students must attain, suah aaderstanding of professional and ethical nesipdity, an
ability to communicate and to function on multid@mary teams, and an ability to design a systénterion 5
specifies curriculum requirements, namely the tnawele for basic math and science courses; the @mefifor
engineering science and design courses; and aratimj “major design experience based on the kriydeand
skills acquired in earlier coursework and incorpioaappropriate engineering standards and multgxédistic
constraints.” Program-specific criteria for cigihgineering programs require “design experiendegiated
throughout the professional component of the culuim, and an understanding of professional pradtsees.” To
meet these general and program-specific critarig,linderstood that a “culminating major desigpexience” by
way of a capstone course is required and heawigwed by ABET evaluators when a department’s atitagon is
being reviewed.

The capstone course is typically completed durisgudent’s senior year. According to a nationadigt
[McKenzie, 4], 50% of projects last for two semestand 31% for one semester. For 71% of surveyoregents,
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grades are individually assigned based on integjiattividual performance; 9% said the final gradesthe same
for all team members; and 19% use a combinatidhefwo approaches.

In a typical course, the students complete a congmsive design of a civil engineering project, vehigrey plan the
project from conception to design. The studemtssdtition from well-defined, short, narrowly-focusassignments

to an open-ended, detailed, multi-faceted projeat tequires integration of knowledge and skillsgd in multiple

undergraduate courses and lifelong learning skillse students work in teams, and each team typiisahssigned

to work on a unique project. In a 2005 survey [d,d8], 62% of survey respondents indicated thag onk team is
assigned to the same project; others reportedrthhiple teams are assigned to the same project.

Students are usually guided by industry and/orlfgenentors. According to Todd et al. [5], for 358fthe survey
respondents, 1 to 20% of the faculty in a departrmaeminvolved in capstone, and 30% of respondemtsrted that
20% to 40% are involved. Twenty-seven percentegiagitments employ one professor to instruct thieeent
capstone course. Faculty instructors’ responséslinclude forming student teams, soliciting pod$ from
industry, and supervising multiple student projefsitson, 1]

A capstone project typically involves more tharrake faculty member’s expertise. Furthermore,tf@ projects
to take on real-world “flair,” it is extremely impant that practitioners who are involved in designa day-to-day
basis be involved in the course. These enginadtsiteer their time to guide and advise studehany who have
taught the course agree that, as reported by D{it§ppeer reviews and input from an industry parelp with
grading.

Almost all projects require written documentatipfodd, 5] Ninety-four percent of instructors assesidents
during oral presentations, usually occurring midtifimes during the course. [McKenzie, 4]

Recommended Best Practices in Literature

Lillevik [3] describes the advantages and challengieand offers advice on best practices for teachapstone
courses, specifically with regard to team teachiHg. acknowledges that “no one capstone desigrseowitl fit
every institution’s setting and environment.” Hees several faculty challenges: different stgieimteraction
which affect students’ learning experience; somasaus commit less time than others because bigart of their
teaching load; an advisor’s technical expertise n@ymatch that needed by the team; and faculty lmeesrhave
inconsistent expectations for different teams. iRgindustry practitioners involved can be chalieiggoecause
they are not sure how hard to push the studertarodisagree with the faculty advisor. Lilleviktes that the
practitioner’s motivation is an intrinsic rewartdhe instructor of the course is challenged withuiging industry
participation, applying consistent and equitabkedgrg “across a widely varying set of students teadns,”
students acting unprofessionally in their intei@tsi with industry, and “unfamiliar” grading rubtitat differs from
all other courses.

Lillevik's best-practice recommendations are todhindustry involved because of the technical expethey offer
and to help ensure minimum standards; to have aknaguired deliverables throughout the course;fanthe
faculty advisor to review documents before the stusl interact with industry, to prevent them fraaving bad
impressions of the department. [Lillevik, 3]

As a result of a survey given to faculty memberacficing engineers, and students, the most impbei@ments of
a capstone course are “that the design experienbaded on realistic conditions; that the studsetiedule the
design activities; and that the products of thegiemclude drawn plans, a written report, and eal presentation.”
The least important factors are team size, reqstndents to log activities, and peer performanaduations.
[Wilmot, 6]

Kuder and Gnanapragasam [2] advocate incorporatipgrimental, research-based designs into capstarnses.

Premise of Paper

The purpose of this paper is to provide dialoguevby capstone courses work and why they don't. r@has been
much research and literature regarding recommepdedices for capstone courses — for example, wigjard to
method of instruction, evaluation techniques, dgtble requirements, recommended team size, étongSsupport
for capstone courses is evident in the literatang, it is well known (and feared) that ABET evatuatiook
carefully at how a department runs its capstonessouHowever, there are many aspects of thessestinat do
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not approach professional practice, no matter helW taught or organized. There are inherent dififees beyond
the control of an instructor or department.

In this paper, the authors will discuss the begsefitd disadvantages of capstone courses for theepi@wolved:
students, faculty, and practitioners. They willmaut the differences between a capstone courdgeofessional
practice. In addition, a capstone course is urdikg other typical engineering course and can teadequality in
terms of students’ experiences and a departmemé’soe of success. All departments may not betatdéfectively
provide a capstone course. Herein, the difficaltérunning a capstone course are openly ackn@ebbd

The reported observations are based on the combipgtiences of the authors; one of the authoratias! as
capstone course instructor, and all three havelate mentor, engineering student employer, eagimge
practitioner, design course instructor, and judiiénal capstone design presentations. Benefitkdisadvantages
of a capstone course to students will be discusstdthen to faculty; and, finally, to practitiers. The authors
will make conclusions and recommendations.

STUDENT TEAMS

Benefits to Students

The students benefit from a capstone course in mayg. They learn to function on teams (or attldas
difficulties of doing so0), to understand professiband ethical responsibility, to recognize a nieedifelong
learning, and to use (available) modern enginednnts. They learn to meet deadlines (usuallygdapt to the
open-ended nature of design, and to prepare a)(pedessional-quality submittal. They learn tbasign takes
iteration, critical thinking, and decision makinBy the end of the course, they likely communicatae
effectively, both in oral and written form. Theipeaking skills can greatly improve, especially wtteey have to
present their design to a panel of practicing ezwyis and faculty, and when they are coached orpogaéntation
skills throughout the civil engineering curriculum.

Disadvantages to Students

On the other hand, the students can be, in mang,wtigadvantaged while taking a capstone courgeriims of the
core values being unavoidably mis-timed and diseoted from real practice. The students’ main diaathge is
that they haven't finished their coursework attih@e they begin the capstone course. Studentstt@kmajority of
the required design courses during this same $i@alester(s); it is conceivable for students tongm the course
having had completed zero or perhaps one desigseoun this case, they are expected to learrryhegbile
completing a comprehensive design project withendhme semester. An authentic “capstone” coursehich
students apply skills already learned in previoesigh courses, should be taken by students afteoaisework has
been completed. This, of course, would extendidestt’s studies by an extra semester, an idea wineid be
opposed by most people, faculty and students alilkee students would be better off spending thatester
interning in an actual design firm anyway.

Although the course mimics a real design projeat Would be completed in a real office, there aneegal
differences between the academic experience andfesgional one. It takes a design office sevei@iths or
years to complete a project, with experienced exegg) CAD technicians, and project managers worgmng full
time. A semester or two typically does not allaveegh time for students to complete details tocdgssional
level, no matter how high the instructor’s expdota.

In addition, Quality Assurance/Quality Control in @angineering firm takes a substantial amountroétifor a
capstone course, there is typically not enough timibe semester to do proper checks. Neverthalesstudents
could learn the skills they need while they ardghanjob, in much less time. Notably, the amourtiroé spent on a
typical capstone design project should be at md8thburs (assuming 10 hours per week) -- the etgrivaf less
than a month on the job.

Another disconnect between a capstone course ahgnactice is that most firms have their own alsea
established methods for designing systems and coemp®. Many designs done by engineers are sitoilar
previous jobs, modified for the new project’s reguients and constraints. A student will be ableaon how to
use these methods and tools on the job, after gtandu While taking a capstone course, the stisdsmmetimes
spend a lot of time struggling to develop theséstotf a student ends up practicing in a fieldt tisasimilar to their
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design project, then developing these tools caa benefit to the student. Unfortunately, thougimes students
work in a field upon graduation that is not relatedheir capstone project — which, in itself, rother disadvantage
to students.

A final disconnect is that the student’'s commitmiena capstone project is short term, comparedréalproject or
employment. Undoubtedly, it is much easier foslewtivated students to rely on their better-peniog
teammates to “take up the slack” in a capstoneseotitan in a real job. A student’s motivation icepstone course
may often be to receive a good final grade; apegject, however, directly involves lives, monegdahe
engineer’s career.

FACULTY

Benefits to Faculty

Faculty who are involved in the course by eithacténg or mentoring get to see the students grawwsin maturity
and communication skills. Also, some capstonegtegiojects prompt both students and faculty teespkoblems
outside the textbook domain. The course providesl@pportunities for developing relationships bedw faculty
and practicing engineers.

Disadvantages to Faculty

A capstone course offers many disadvantages tdtyackrankly, most faculty aren’t equipped to tedhe course.
Many don't have design experience. In most depamts) there are a small handful of faculty memiadrs would
be able to manage such a course and provide @bgtidlance to students. This is not a criticidrfaoulty; it is an
acknowledgement that research instead of practiiié often takes center stage in academia. Being
multidisciplinary in nature, the course requires ithstructor to be flexible and able to teach agtdiis/her area of
expertise. This course has demands unlike any othase.

Correctly and thoroughly overseeing design projtdtes an inordinate amount of effort and timecuftgt who
teach such courses do not get “extra credit” tow@r@motion and tenure.

For any other course, faculty can feasibly prejgaescture or example problems to give to all stislénthe class,
even if the class has large student enrollmenta dapstone course, however, students are all mgtkirough their
individual thought processes on unique, full-sadsign projects. The instructor becomes akingoogect manager
in a design firm, except that he is overseeingfficeofull of entry-level engineers (in fact, pretey-level), all of
whom are working on different tasks -- requiringigh degree of mentoring on the part of the projeahager. A
capstone course is very difficult to “teach”; ilisnanagement challenge.

A capstone course cannot realistically be taugtitout multiple faculty and practitioner involvemeaspecially
when so many civil and environmental engineerirgjguts are multidisciplinary and require expertisenany
areas. These projects require working knowledgauoent codes, specifications, and regulationschvare used
almost daily by practitioners. If 50-60 studeratket the course in a given semester, there willb&5lteams to
oversee — and twice that many over a year-longgderThe instructor is often left to his own dewde search the
community for volunteers; this is a difficult pasit to be in. For large departments in small comities, dozens
of volunteers are needed but may be difficult tal fi

PRACTITIONERS

Benefits to Practitioners

Practitioners can be involved in a capstone coboysgonating and/or overseeing a design projecttonemg
students, or guest lecturing. Although the prietirs likely give more than they get, the course loenefit them.
Many of them enjoy mentoring. For alumni, the @augives them the opportunity to be active withirtakna
mater. Some firms that mentor students in thessuse this as a “trial” and then hire whom theyfiefter
graduation.

Disadvantages to Practitioners
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Practitioners usually have limited time that theg available to help. Mentoring students canndbitied to a
client, so their time is voluntary. In additiohgy are not always familiar with the knowledge lesfethe students.
Also, there can be conflicts between firms, suctvlasn a mentor/firm donates a project, but theesttalwho want
to work on the project work for a competing firlost engineers will tolerate this, except whenghgect itself is
sensitive. Also, when practitioners mentor stusl@vito don’t meet their expectations, they can fiestrated or
unimpressed by the department as a whole — whialtisadvantage to the department.

FURTHER OBSERVATIONS

How the University Environment Differs from Practice

The university cannot provide support that is egl@mt to what can be provided in a design offiEgen help from
practitioners who donate a few hours during a seané®es not compare to the day-to-day supporthantry-
level engineer receives in the office.

The atmosphere and resources that are availatite @b are appropriate for the tasks that nedzbtdone. A
design firm will purchase the best tools that aeded to complete a design project; these toolsfter specialized
or created in-house. Typically, firms develop @&t methods to, for example, make calculationsreate a set of
drawings. Reuse of specifications from projeqtrimject is an excellent example, also; it wouldabanefficient
use of students’ time for them to create a sepe€#ications from scratch.

Team dynamics at school are different than thoseviork environment. At work, employees have niocentive
to be good team players, especially if they wangierm employment with the firm. Students, howewaee at the
end of their academic careers. On the other htheg,can use the capstone experience and/or portfohelp
obtain an entry-level job.

Inequality Among Schools

For typical engineering courses, the faculty at gingn university or college stand about the sah@ce of
teaching their students design principles. Thexehhe same resources to use (e.g., textbooks}tharttieories and
codes are the same no matter what the geograpaitida of the school. The “notes” given by thefpssor and the
problems worked in and outside the classroom aentislly the same, even if the methods of deliaeyvastly
different. To prepare students to practice engingea profession that thrives on some measutsidérmity,
consistency, and reliability, requires that theibasntent of undergraduate courses be kept simildrintact.
Capstone courses, however, do not always providel egpportunity for an enriching student experienger
example, large cities typically have more engimagfirms nearby than smaller cities; thereforeatgechance to
provide interesting design projects and mentoringvailable. (Inarguably, universities are digtisged from each
other because of their differences and individaalfty members’ strengths; the uniqueness of gtaduwagrams
and research specialties are, and should be, agbelr

Inequality Among Students

The goal of a capstone course is to have studenfisrm a complete engineering design, while makiegisions
and engaging in life-long learning. For this tgpan, the project should be unique, in that itdatseen
completed by former students. In a large clags,véith 30 or more students, several mentors agelesk so that all
students receive support on practical issues. WBecaf mentors’ different experience levels, peatibes, and
available time, there is a large amount of varighih the quality of the mentors’ help; some stoidecan be guided
every step through the design, while others cagiven vague information. The course’s fairnesshictvan
instructor strives to assure — is out of his cdntifeen mentors are involved, particularly when eliént mentors
help different students in a given class. Addiidyy some students have the benefit of internargaf design firm,
where they can get assistance or use a real pfojetteir capstone course project; other studdatsot have this
benefit. Finally, hardworking students who arened with weaker students can be hurt in the lomgoecause of
the extra effort they give in order to compensate.

Questions That Need to be Asked

* What are the learning goals of the course? Shita instructor “teach” comprehensive designsdhe
purpose to “evaluate” whether or not the studeatsamplete a project?
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» What do the students need to learn in the cahetethey cannot learn elsewhere (on the job)?
* Can the students learn these things in a differenue as well as or better than in a capstonese8u

« A capstone course by nature is the primary toobbsessing if a student can combine principkesé in
multiple other courses. If the instructor deengsdtudent to be not so good at this, what is the
consequence? Should the student be required ¢éatrepurses? Furthermore, if his teammates have
compensated for his lack of abilities, the instonchay never know.

* Are young engineers today less prepared thang/engineers were two or three decades ago?

Experienced engineers can be critical of graduat@rgors, questioning whether or not they haveptager
preparation for the workplace. In defense of tineants, they are faced with more challenges thgimeers who
graduated two or three decades ago. They must fearsame theory; to use modern tools than catabeting for
even the most experienced engineer — especialetivno practiced during the pre-computer age; amaetet
expectations of more efficient, faster design giabal, competitive economy. The point is thabpstone course
cannot substitute for on-the-job training, wheresagineer builds long-term working relationshipshwio-workers,
on real projects that have lives and resourceaké s

The irony is that many practicing engineers whaevel that capstone courses should be requirediewxer taken
such a course, nor have they had to teach one.c@&nargue that those same engineers do theigjotswell;
their success is not in spite of not having a capstourse -- it is because they have practicedrthaf design.
Some experts say that it takes on the order oféans or 10,000 hours for a person to become agrexpany
field. A capstone course, even if highly effectigets a young engineer no closer than 1% towaatgbal (based
on the equivalent one month of experience thatthese provides).

The purpose of this paper is not to argue thattoapscourses cannot provide a meaningful experircgtudents.
The intention of such a course is to help makesthdents better practitioners. However, yeargactice cannot
be replaced by one college course. There are otgs of meeting the educational goals, and deantsrshould
be able to decide how to best use their availasdeurces to meet these goals.

CONCLUSIONS AND RECOMMENDATIONS

Engineering programs should be encouraged to forpseparing studentsiminds andattitudes for the practice of
engineering. Students should understand profesisidentity, understand the role of an engineepregiate
engineers at all levels and non-engineers who halee in an engineering project. To teach thipadgments could
offer a course on the front end of design counsgbker than on the back end. If coaching on aredgntation skills,
proper engineering documentation, etc. is givefore students take design courses, then they will betab
repeatedly practice these skills in those desigmses.

Realistically, there is a maximum amount of créaitirs that can be required for an engineering @éeg@ch credit
hour (i.e., each course) is precious. The timeaikshbe spent teaching students to understand tisempedity and
mindset of good engineers, the importance of commit to the profession, and behaving ethically.

Instead of enforcing engineering analysis, desigh@ofessional issues in a “capstone design” epyrsrhaps the
focus should be on the broader goal of “integrafirafessional practice within the curriculum.” Emgering
programs should be allowed to decide how to besiraplish this.

The authors feel that it is important for studdotbe exposed to practical design issues. Fauwlityare
comfortable with everyday design and are familighyerofessional practice issues and regulatioodes, etc. will
— and do — naturally incorporate this into theinrsgs. In other words, they are naire likely to do so in a
capstone course or when mentoring individual studesups. In this sense, having a capstone casisten seen
as a way of filling the gap of integrating “reaslgn into a curriculum, and, therefore, is jumpahgad a step.
Professional skills should be integrated in as m@wrses as possible; this way, students canegedted practice.

Most of the technical and nontechnical aspectsateatearned in a capstone course can certairliyaoeed on the
job. At the college, time is better spent teachhrggknowledge and skills that otherwise are naglté on the job,
after graduation. Degree requirements are typiddlb to 128 credit hours — much less than theireaquents of a
decade or two ago. Therefore, because they aitedipit is important that these hours be treataeflly.
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Required courses should cover theory and principlaiscannot be easily learned on the job. Moshefcapstone
course content — that is deemed valuable becaisstransferrable to the workplace after graduatios non-
technical in nature: teamwork and communicationgikample.

One advantage of a capstone course is that a $widérngths or weaknesses in these areas arghinmuthe
surface for all (faculty, classmates, mentors)e®. sWhether or not the students actually improvhése areas is
subject to debate and would require subjectiveystidhe authors’ experience is that the studenessgntation
skills improve, mainly because of repeated pradticeughout the curriculum and because professsonatrangers
with a lot of knowledge — are there to judge thedther skills (organization, getting along well kvigthers,
inquisitive nature, etc.) are already far engraimetthe student and are more likely to be improwét years of
real-world experience than with a capstone course.

Having faculty who have design experience andt@nisure is important. Offering a capstone couoss aot help
achieve this goal; other steps should be takendowrage this. If faculty have experience or closenections with
those who do, then that will benefit students ig elassroom — imny design course —i.e., a capstone course is not
the only way for faculty to transfer practical krledge to students.

In lieu of a capstone design project, studentsccbel charged with the task of reviewing actual @ssional,
completed design drawings so that they can seédtadls involved in a project. One of the mosuahle
assignments that a student or entry-level engioaeicomplete is quantity calculations that are thasea set of
design plans; by completing such a task, one G ® read design plans and gain a better undelistp of details
and how components fit together in a project. Ysimeady-completed projects as examples in guidedcises
can provide valuable learning opportunities on ficatissues, such as constructability and shopidigs.

With regard to making presentations, “perfect pcacinakes perfect.” Students should be taugheptation skills
before they enter their design courses so thatdhaypractice these skills in all or several otheourses.

Departments could be given tbption to offer a capstone course; if they were, therel-man capstone course
could be a unique feature of the curriculum. Othee, departments could instead offer hands-onresqee or
extensive labs, service learning opportunities.cughduate research experience, internships, ovative
instruction techniques. There seems to be no meefits-all solution for ways of handling capstor@urses;
perhaps other opportunities could be offered tdestts.

Departments could offer a capstone course aptaon to students, perhaps for those who want to “ty au
specific discipline such as structural or geotechinéngineering before entering the workforce.

Students should be prepared for the idea of itarathd decision-making early on, before they tad&gh courses.
This will enrich their non-capstone design courggegience.

Practitioners can be just as helpful, if not marelsy being involved in other, non-capstone, caairsehey would
be more likely to volunteer to help if their commént were over a period much shorter than a futlesger or year;
their time would be well-spent by sharing theirdade@nd experiences by giving one or two lectures given
subject in their field of expertise. Another beanef involving practitioners in this way is thall students in the
course would benefit, not just those who are bdingctly mentored by the practitioner as is theedasa capstone
course.
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