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How the House of Quality may be used to addressrakkey issues facing capstone courses todapsisied.
As an example, an overview of the implementatiorthef House of Quality in the Mechanical, Indusiraid
Manufacturing Engineering Senior Capstone Desigar§&®at Oregon State University is given. The imiation
presented may be employed in a wide variety of toagsdesign course curriculums in an effort to@nboth
the student and faculty experience.
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The House of Quality (HoQ) is currently being used
address these challenges at OSU in the School of
chanical, Industrial, and Manufacturing Enginegri
(MIME). This paper will (i) give an overview of the
capstone course structure at OSU MIME, (ii) provéde

Introduction

. . t
Project-based senior capstone courses are commor\n%é
used at universities across the country to addnéssia
outlined by the Accreditation Board for Engineeramy
Technology (ABET). Providing students with thebrief introduction to the HoQ, (iii) explain how Iois

opportunity to apply tools Iearned_ in p_rior COUrSES —\5ad in the OSU MIME course, and (iv) discuss using
they work to solve real-world, engineering probleiss HoQ as an effective tool in any capstone program.

an important goal for these courses. However, the
Overview of the OSU MIME Capstone Course

effective offering of this opportunity is far frosimple.
eﬁ]e capstone experience at OSU MIME occurs over

Some of the common capstone course issu
encountered by Oregon State University (OSU) as W&Wo ten-week terms. Term one focuses on defining
project requirements, performing a literature reyie

as other universities across the country are shiown
considering alternative design concepts, and fully

table 12
Table 1: Common issues in capstone courses with specifying a complete design solution. Term two
focuses on implementing the design solution (e.g.

corresponding HoQ elements
building a prototype), testing the implementatiamd

Capstone Issue HoQ Addresses by: revising it to meet the requirements detailed imtene.

Student team, project sponsof, All undergraduate students in OSU MIME are

Difficult to assess
quality of design
products

and course instructor agree on
the grade value of each proje¢

requirement, which can then he

objectively measured

Students neither
understand course
requirements nor use
them effectively to
complete their project

The HoQ, created primarily by

the students, provides an easy-

to-understand contract

describing project requirements

Grading difficult and
time consuming for
course instructor

HoQ provides a framework fo
straightforward, objective
grading

Capstone experience|
does not feel authenti
to students

Assessment based largely on
students’ ability to meet
sponsor needs

Low sponsor
satisfaction

Student course grade directly
linked to meeting sponsor-
approved project requirement

(4

required to complete the course prior to graduation
most take the course during their final year. €lsige

is typically 120 students with three students per
capstone design team.

Approximately 40 projects are completed each year.
Since each project includes an implementation (e.qg.
prototype build) funding is required. Project batly
vary from hundreds to tens-of-thousands of dollars.
Project sources / sponsors are both external (indus
individuals, non-profits, government agencies, et
internal (faculty, university-affiliated programsnd
administration) to OSU. Regardless of source, each
project has a designated individual (referred tce ees
the sponsor mentor) who interacts directly with the
student team to provide guidance and clarify
requirements.
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Figure 1: A selected portion of a student group’$10Q (with weightings of only 145 of the 250
contained in a complete HoQ). An additional docum@ detailing testing procedures, as noted in
the “testing procedures” row, is also required in he full document.

In addition to the project sponsor, an OSU MIMErelative importance as well as lists a target vaind
faculty member is associated with each project as testing procedure associated with eacH.ERhe HoQ
technical reference (referred to here as a faadtysor) used in the course is a simplified version of the
for the student team. The faculty advisor's radeto traditional houst with added elements for change
provide guidance and technical expertise. penalty and evaluation score. Figure 1 shows an

In addition to the HoQ, the OSU MIME course alsexample of a partial HoQ as used by a student gioup
makes use of more traditional capstone curriculuihe capstone course. While CR’s and ER’s vary per
components such as oral and written reports, pegroup, the structure shown in figure 1 is used by a
assessments, and several smaller written assigaraent groups.
topics such as communication, goal setting, anidsth HoQ in the Curriculum

Overall, the OSU MIME capstone course structure
appears to be a typical capstone program. IBSU MIME students are first introduced to the HoQ
characteristics placed among the two most commaturing a junior year design course. During thestame
responses in thirteen out of fifteen relevant survecourse it is presented very early in the first teemd
questions in a national survey of capstone courssed extensively throughout the two term project,
attributes published in 2086 accounting for approximately 20 percent of the tema

. grade and 50 percent of the term two grade. While

Introduction to the HoQ students, of course, benefit from prior knowledfj¢he
The HoQ is a component of Quality Functionhouse, it is not required and HoQ can be readily
Deployment (QFD), a management tool commonly usdthplemented in a capstone course without students
in industry to align product attributes to consumehaving had prior instruction. The specific usetto
needs. The HoQ can be employed in a variety ofswayHoQ in a capstone course, using OSU MIME as an
with the basic HoQ explicitly relating often qualive example, will now be described.
customer needs (referred to as customer requiresnoent
CR’s) to measurable specifications (referred to as
engineering requirements or ER’s). The HoQ uses T&he HoQ is constructed during the first term of tive-
matrix format to show this connection, mapping eacterm OSU MIME course. HoQ is presented in the
CR to one or more ER. The HoQ also shows second lecture, is explained in detail, and example
weighted value associated with each CR to indigate houses are discussed. Following team formation and

Term One



project assignment, students begin step one of Ha@ake the change, subject to approval by the sponsor
creation, listing the customer requirements. Sttgle mentor, faculty advisor, and course instructor wiien
generate CR’s by meeting directly with the projecER’s are evaluated. Thus each round of approvals
sponsor. The CR’'s are to encompass everythingcludes evaluation of new content as well as
required in the project and be written using theonsideration of changes to previously-existingtent

terminology and vocabulary of the project sponsor. : .
Associated with each CR is a weighting number A key aspect of this process is that thaents have

indicating relative importance. In the OSU MIME Written the project requirements, specified theiative

course, the sum of all CR weightings is set to 5@ @ importance, and provided means of determining efyth

o d have been met. Students are told “you have both
order for easy fit into the grading structure (141, written the exam and provided the answer key fonte

possible each term). By week 3 (of 10) of the terrT}wo." As described below, the HoQ provides the nsea

students are required to have a complete list O5CR f objectively evaluating the student team’s design
with weightings, approved by the sponsor mentor ) Y € 9 9
implementation in term two.

faculty advisor, and course instructor. Each adsth
individuals has the responsibility to withhold apyal if Term Two
the student’'s submission is not appropriate for th
project or the course. The HoQ is presented attiime,
and at the following two steps, as a section inrigtem
project update report.

gtudents are given the first half of term two (k&) to
complete their design implementation (e.g. protetyp
build) to the point of being able to begin testing.
Grading their success in achieving this goal is
The second step in the HoQ creation is to map eaplerformed using the HoQ during evaluation one. hEac
CR to measureable technical specifications, thesER'testing procedure created during term one is censél
While generation of the CR’s involved team intei@ct individually against the prototype’s ability to bested.
primarily the sponsor mentor, ER creation is méeely  If all ER’s that map to a given CR can be fully tested,
to focus on interaction with the faculty advisordan then the weighting points associated with that CGR a
course instructor. In addition to being measurabld awarded to the team. The sum of all such awarded
technically specific, each ER is also requireddeehan points is the student’s score for evaluation ofe.the
associated target value with allowable toleraneze (sOSU course, this evaluation corresponds to a plessib
figure 1 for examples). By week 6, a complete dist 250 (of a course total 1000) grade points. Naidestts
ER’s with targets and tolerances is required. Agaiare not required tpass the tests at this time, but must
sponsor mentor, faculty advisor, and course ingtruc be able taxecute the test, per their plan from term one.

approvals are needed. . .
PP Evaluation two occurs at the end of term two. This

The final step, occurring at the end of term oeé¢hé evaluation uses the same scoring method as ewatuati
addition of testing procedures for each ER. Thessne with the same 250 point value, however students
procedures will form a key component in the seconthustpass the tests listed in their testing plan, within the
term course grading. As in previous steps, then&biis tolerance specified in the HoQ, to receive credit.
that the students write the testing proceduressabahit . . .
them to sponsor mentor, faculty advisor, and course During term: two, pccasmnally students desire 1o
instructor for approval. A fully approved HoQ (GR’ make changes to their HoQ. Given the role the HoQ

weightings, ER’s, targets, tolerances, and testin@"’?{s n terr;rj\-two tgrladlng, chané;es,_ phe:rt|cularly to
procedures) is required for students to be enrafigtie S |?g”proce u_ijes, do ergnc;es,t_an W]?'gH Ingst h S
second term of the course. carefully considered. Evaluation o 0Q change

requests in term two is via a petition process.e Th
During term one, students are free to make changpstition must be initiated by the students and aiongi)
to the HoQ as they see fit as long as all approasds what the requested change is, @iy it is being made,
subsequently obtained. For example, when generati(iii) how it will affect the project, (iv) what fdt or
ER’s, students may realize a change is needed tonegligence rests with the student team, and (v)
previously-approved CR. Students are permitted ttomments and signatures of the sponsor mentor and
Table 2: The petition process; instructor action lased situation

Instructor Action Reason Grade Penalty

No fault/negligence of student team-- original

Approve scope/intent of project remains intact

No penalty

Fault/negligence of student team-- original scogefit of | 10% grade deduction per week on

Approve with penalty project remains intact corresponding CR

Rei Scope of project will become inappropriate/origimaént
eject ) -
of project altered




faculty advisor. customer (or possibly a requirement of the capstone

The course instructor evaluates the petition atieei oo oo in general), this creativity CR can be binio
P the HoQ. The challenge then arises in creating a

approves, approves and imposes a penalty, or sefeet measurable ER and testing procedure that correspond

request (see table 2). The criteria for the denisire to this ER. There are several ways to address this
based on student negligence or fault and effect o

thallenge.  Surveying is one approach that has been
project scope. The penalty, if imposed, is calealaas ge. ying pp

a 10% per week deduction of the associated WeightirllJsed at OSU to measure subjective ER's. ~Student

) o : t their designs to an appropriate lsamp
value. For example, if a petition for HoQ change jgroups present t
submitted in WeéOk 2 ang a penalty i%posedg irdroup and administer a survey. Another way to asklre

. . . is issue is a sponsor survegr an industry/alumni
maximum possible score for the associated CR 'psanel. In these methods the sponsor, and or an
reduced by 20%.

industry/alumni panel, are asked to rank the design
HoQ as a Design Assessment Tool regarding the subjective ER’s (such as creativity,
. . . otential success in the marketplace). With either
A challenge facing the engineering capstone cour ethod, the student team is striving for a respdmsa

commun,lty |s_the objective assessment of the qugflt the evaluators that meets the target value(s)eoEMR(s)
students’ design products. A common responseio trE\ssociated with the creativity or ingenuity CR.

challenge is to decrease or eliminate the assesshen
the product by putting a large emphasis on assessing the Conclusion

design process’. The approach presented here IInI(ﬁ'his paper presented a method for using the Ho@ as

_evaluz_mon of the process and p_roduct by d!reCt%rimary project management tool and design evaloati
involving the students in the creation of the priyna r?etric for capstone senior project courses. Algiou

ngé?& ec\:/ca)‘lnus?ggrriln mg;rcl:%, otfhteheHé)I(egrhentSstuc?fetrrlnt;QI—tlh resented in the context of the OSU MIME course, we
y 9 feel that this method can be added to any capstone

durln.g Its creation are r_ewardgd W'.th an effecwe(tourse format to improve effectiveness in evalgatin
concise, guide to completing their project sucagdisf

; A . ) . student designs; directly involve students in dafin
Since the HoQ is directly linked to project requients, ' . R =
as agreed upon by all involved parties, it eli o design requirements; simplify and remove subijetstivi

o ) . in grading; provide a more authentic, real-watésign
ambiguity associated with many of the more common ' ) : : . t

experience; and increase project sponsor satigfacti
assessment tools.

The HoQ also allows for an increase in grader Since implementing this approach at OSU MIME,

objectivity due to weighted binary evaluation ofcka Sstudent capstone course achievement and satisfactio

CR. While other methods of assessing design m:ltoduhave _mcreased S|gn|f|c§mtly based on course etiahs
. L - and instructor perception. Correspondingly, sponso
quality rely on more subjective evaluations by

instructors or sponsdrsthe assessment that occursmojeCt submissions have increased in quality and
P ' number. Future work is warranted to quantitatively

gilrj,:m% e\éaslll#]%t'ggoﬁ:e and evaluation two consists %nalyze course evaluations, final reports, and spon
pie., y 9. surveys to further define the effects of the HoQtla

HoQ as Student-Created Course Requirement OSU capstone course.
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HoQ as a Tool to Evaluate Ingenuity



