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Abstract:

Determining whether an individual senior project is a ‘good’ project can be a difficult task. To
aid the professor in associated advising, but more importantly, the student, a rubric was
developed that helps indicate whether a student is proposing an acceptable senior project.

The scope of this effort includes the creation of an assessment tool that measures critical aspects
of a good senior project. This includes quantifying the following ‘engineering merit’ aspects:
problem statement, function statement, requirements, analyses, performance predictions, and
evaluation. These “aspects’ exist in all of the capstone projects, regardless of the subject matter
or discipline.

Students refer to their proposals when using the metric. Professors review and advise in a timely
manner. Students can better determine if they have proposed an ‘acceptable’ senior project
before the professor agrees to final acceptance.

The students and professors have applied the rubric to projects in a Mechanical Engineering
Technology (MET) senior capstone course. The results showed deficiencies in some projects.
This forced changes in the parameters of the project to make it an acceptable project. Assessment
of the pedagogical impact of this metric was determined via surveys and comparisons of relevant
course data over a number of years.

Introduction:

Senior Project is a process that every engineering student must negotiate. For universities that do
not have an active research program for seniors to participate in, defining an individual senior
project that will succeed can be difficult. The purpose of this paper is to present an assessment
tool that will aid the student, as well as the professor, in proposing a good senior project.

Senior Project for the MET Program at Central Washington University starts in the fall and
progresses through all three quarters of the academic year. Fall quarter is devoted to developing
the student’s engineering proposal. Their proposal includes an introduction to the engineering
problem, design and analysis, methods and construction, testing method, budget/schedule/project
management, discussion, and conclusion. The aim of the proposal is to convince ‘management’
that this is a viable engineering project. This is a lot of information for a student to develop in a
10 week period. Therefore, it is imperative that they determine their engineering problem as soon
as possible.

Students tend towards projects that are too large, too complicated, and very time consuming.
Two of the outcomes for this course directly conflict with the student’s sense of an engineering
problem: ABET 3i? (respect for diversity, diverse input, societal and global issues) and ABET 3k
(commitment to quality, timeliness, and continuous improvement). It is always a challenge
attempting to guide the students towards a realistic project. Many students want to design a
system. Systems are ‘Death Stars’ to the student’s success. They are too large, too time
consuming, and often require resources that are not readily available. So how to get them to scale
back?

In the past a Requirements, Analysis, Design, Drawings (RADD)? approach was used (ABET
3k). Assessment by RADD was used to improve the performance of the student. This assessment
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worked well, but it did not aid the student, or professor, in addressing the engineering problem
and getting to a complete solution. Something was needed to address the beginning of the
process (ABET 3i). We chose to focus on the engineering problem, function statement, and
augmenting RADD with evaluation methods.

The attempt of the proposed rubric is to have the students spend some time at the beginning of
the process assessing what they are doing. This should hopefully “open” their eyes to the real
scope of their “‘Death Star’ project and convince them to scale back. If the student understood the
scope of work need to complete their ‘Death Star’ project, maybe they would recognize the
desirability of scaling back to something that was attainable.

Method:

The purpose of the assessment tool is to provide feedback to the students by having them rate
their project proposal. Do they have a proper function statement? Do their requirements have
quantitative values in them? A survey was developed that attempted to provide the students with
some of these answers.

The development of the survey centered on helping the students identify the crucial elements of
their paper (Problem, Function, Requirements, and Evaluation). First and foremost is having a
proper engineering problem. If the students do not develop a proper problem, all other aspects of
the proposal become much more difficult. Much like a Free Body Diagram (FBD), if the FBD is
incorrect, a correct solution will never be attained. If the students can develop a correct function
statement and have requirements that have quantitative values, the rest of their proposal can
plausibly be developed from this base.

Many students approach Senior Project as “a technical endeavor,” instead of what it really is —
solving an engineering problem. An engineering project starts with a problem that can be
addressed using engineering. Our capstone courses document and evaluate this engineering
design process. A technical endeavor or device excludes those attributes and is inappropriate for
our needs. Often, just having students think in those terms immediately eliminates a lot of their
ideas or suggestions. The survey attempts to have them think in this manner. The survey asks the
students what is their engineering problem? What are you trying to solve? The students then rate
how they think they are doing in each category (see Appendix A). The next couple of questions
deal with function statements and requirements. This is used primarily by the faculty member to
aid the student in properly defining the problem the student is attempting to solve. In addition to
poor problem definitions, many students litter their function statements with
specifications/requirements.

A student provided the following function statement: “To dump material out of a trailer bed by
using a small cylinder contented [sic] to a scissor device that lays flat when not in use and able to
extends up.” The student reviewed the survey and felt that they had indeed provided a correct
function statement. When this was reviewed by the professor, the professor refuted the student’s
assertion of correctness. The professor also provided feedback as to why this was not a correct
function statement. The student was then able to provide the following: "To tilt six foot platform
to a 40° with a load of 5001Ib.” The student is still including requirements, but it is an improved
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function statement. The final function statement is “To tilt a six foot platform.” The 40° and load
of 500Ib were moved to the requirements.

The following were evaluated when looking at student’s proposal: poorly defined problem,
creating a technical device, building a system, and testing issues. A poorly defined project, at the
beginning, was a solar HVAC unit. A student wanted to build the system for the University of
Washington Environmental Innovation challenge. Two problems, it is starting out as a project
and it is a system. The student was instructed to recruit a couple of team members. Second was
determining the individual engineering problems within the system for each student. There were
several issues that made defining the engineering problem for this proposal difficult. Wanting to
work with ammonia quickly became an issue of expense and safety. The heat exchanger is more
a matter of specification than design engineering. Eventually, the engineering problems became
the heating coil (Energy provided by the sun), the evaporative chiller, and the fan coil unit.

Wanting to create a technical device is a common problem. A student, interested in aviation,
wanted to build an R/C model that was a Vertical Take Off and Landing (VTOL) aircraft. Great
project, but how do you accomplish the measurement of, “The transition from vertical to
horizontal flight modes will be more stable and smoothly...” with limited resources. Without
question there is plenty of engineering in this technical device, it’s just that it will be difficult for
the student to complete all that is required to produce this ‘Death Star’ project. An air worthy air
frame has to be designed around two different propulsion systems (An engineering project
alone). The student could propose a design and build it, but without the predicted engineering
result — it’s just a technical device. Another student wanted to build a bike rack for an apartment.
There are many bike racks on the market. How to define or create an engineering problem
associated with a “bike rack?’ We can focus on requirement, manufacturing, loads, functionality,
etc. For manufacturing the requirement could be the unassembled unit fit in a shipping box of
165 inches of length and girth combined with length less than 108 inches. Weight and assembly
with hand tools commonly found in the home could be additional constraints to force this out of
the technical device realm.

The HVAC and a gear box proposal fall into the system category. These were managed by
creating teams and dissecting the project into a defined area that each student is responsible for.
The interesting part is creating dividing lines that if one student fails to perform, the other
students can still complete a project.

The issue of testing often modifies or changes a project. There are many reasons for this. The
university does not have the facilities to perform the requisite tests. The student cannot afford the
test. Or, it would be time consuming and difficult to determine the results. A student was
considering a wood chip feeder for a commercial smoking operation. The customer wanted to
automate the process of feeding wood chips into the smoker, they also wanted the most amount
of smoke/chip of wood, efficient transfer of heat to the wood chip, and the removal of the ash.
This engineering problem would involve energy balance and efficiencies, transfer of heat,
transfer of mass, conversions of energy. A multi discipline approach (thermodynamics,
chemistry, heat transfer, structural components, and electro-mechanical components) would be
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required to solve this engineering problem. Testing the above becomes a project unto itself. This
is much more than a single student can handle in 30 weeks of work.

Each week feedback is provided to the students. As the quarter progresses, the focus shifts down
through the survey questions. The responses on the survey did not affect the students score on
the survey. They received full credit for completing the survey.

Results:

The RADD results in Table 1 shows data for the past 10 years. From Fall of 2004 to Fall of 2014
the results show an improvement demonstrating that as an assessment tool, RADD is working.

Table 1. RADD Results.

YEAR Require | Stdev 3i | Analysis | Stdev 3k | Design | Drawing | Sample
-ments | Sample | 3k (Ave) | Sample | 3d (Ave) | 3g (Ave) | Size
3i (Ave) | Size Size

2004-5, Fall 60.0 67.0 51.0 39.0 13

2005-6, Fall 73.0 69.0 83.0 77.0 13

2006-7, Fall 75.0 74.0 72.0 71.0 24

2007-8, Fall 71.0 54.0 72.0 79.0 16

2008-9, Fall 83.0 86.0 84.0 85.0 11

2009-10 Fall 81.2 70.6 80.6 83.5 16

2010-11 Fall 80.9 83.6 89.1 80.0 11

2011-12 Fall 83.8 24.3 46.4 15.9 81.1 18.6 14

2012-13 Fall 82.6 19.6 55.2 20.4 43.0 42.6 22

2013-14 Fall 84.5 33.0 74.1 39.2 75.9 82.8 30

Appendix A lays out the survey questions. The Required Element column lists the items to be
assessed. Some additional information under Beneficial Elements was also included. The
Questions column gives the questions that the students responded to. The Metric Description lists
the choices the students could use to respond to the questions. The Researcher Response Metric
column information was used by the professor to review the student proposal. Appendix B shows
the results of the student survey. Each numbered row corresponds to a student and his or her
responses. The column headings (C through W) are the questions. The individual student
responses are below the headings. The professor’s review of the same student proposal with the
professor’s assessment can be found in Appendix C.

Discussion:

Because of the survey, the RADD data scores for ABET 3i improved. The results in Table 1
indicate a 2.3% increase in the ABET 3i score (So far the highest recorded).This is the first year
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the survey was implemented. Since the increase is within the standard deviation, the increase
may not be attributed to the survey.

The survey questions were excellent in forcing the students to think about their project in the
correct engineering terms. The questions provided a tool for the professor to refer to when asking
the student questions concerning their proposal. As seen in the survey results (see Appendix B &
C), the student’s self-assessment differs from the professor assessment. It seems the professor
sees the potential of the engineering merit in the project before the student does. The problem
statement responses coincide more closely. The largest discrepancy begins at the function
statement. The professor often refers the students to their textbook? for the definition and
example of function statements. The requirements column is another place that the professor
often did not agree with the students. These points of disagreement are where students need the
most guidance and assistance.

This current assessment process requires a lot of interaction on a lot of different proposals. This
IS necessary to properly guide the student to a good proposal. Providing meaningful feedback to
the students in a timely manner is difficult at times and this may have had an effect on the data.
As can be seen by Table 1, the class size has grown significantly in the last two years. Since
faculty resources have not been increased commensurately, this unfortunately means that the
time spent with each individual student has been greatly reduced.

Conclusion:

This survey was created to support improvement of outcomes ABET 3i and 3k as applied to our
senior capstone course for a Mechanical Engineering Technology program. The results in Table
1 indicate a 2.3% increase in the ABET 3i score. The students and faculty reviewed the survey
questions providing the students with feedback on their progress towards a good senior project.
This process was considered a success and future work will continue to refine the process.

References:

1. ABET, http://www.abet.org/ . 2015.
2. Oncina, C., Johnson, C. (2005). “Use of MET Capstone Course RADDical Metric.” 2005 Annual ASEE
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Required Elements Questions Metric Researcher Response
Description Metric

Engineering Merit Does your proposal Poor This project could be easily
have engineering "spec'd."” The opportunity
merit that can be for RADD would be
exemplified through difficult to obtain.
the use of Good There is opportunity for
Requirements, RADD, but it may require
Analysis, Design additional requirements to
Parameters, and produce the RADD
Documentation opportunities.

(RADD)? Is your Excellent This project has RADD.
engineering merit...

Problem statement Does your proposal Poor There is no engineering
have a problem problem, it is hard to
statement? Is your deduce the engineering
problem statement... problem, or this appears to

be more of a spec'd
problem

Good There is an engineering
problem, but it may need to
be refined or changed in
scope.

Excellent There is a an engineering
problem

Function statement Does your function Disagree There is no apparent

statement tell what
the device must do?

functions statement. The
student has written
something, but it is not a
proper function statement.

Neither agree or
disagree

There is a function
statement, but it may not
be complete or it includes
requirements

Agree

A proper function
statement: What must the
device do?

Requirements

Does your proposal
include quantitative
requirements that

Disagree

<= 15% of the
requirements have numbers

Neither agree or

15.1 - 84.9% of the

your device must disagree requirements have numbers
meet? Agree >= 85% of the
requirements have numbers
Requirements 2 or less 2 or less
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Required Elements Questions Metric Researcher Response
Description Metric
How many 3 to 5 statements | 3 to 5 requirements
significant 6 or greater 6 or greater

requirements does
your proposal
include?

Analysis Does your proposal Disagree < 15% of the analysis
include analyses that determines parameters of
determine parameters the device
of your device? Neither agree or | 15.1 - 84.9% of the

disagree analysis determines
parameters of the device,

Agree 85% of the analysis
determine parameters of
the device.

Performance Does your proposal Disagree Disagree

predictions include quantitative | Neither agree or | Neither agree or disagree
predictions of disagree
performance by your Agree Agree
device?

Performance How many 2 or less 2 or less

predictions quantitative 3to 5 statements | 3 to 5 statements

predictions of
performance does
your proposal
include?

6 or greater

6 or greater

Evaluation methods

How many evaluation
methods do you
describe in your
proposal?

2 or less

2 or less

3 to 5 statements

3 to 5 statements

6 or greater

6 or greater

Evaluation methods Include descriptions | No
of resources needed
to evaluate your Yes
device.

Scope The scope that is Poor Scope is a spec'd project.
written in your Good The engineering merit is
proposal; is the - too small or easy.
engineering merit... Excellent There is engineering merit.

Cost What is the estimated | less than $500
cost of your project? | $500 to $1000

greater than
$1000

Size What is the estimated | fit in a school
size of your project? | locker
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Required Elements Questions Metric Researcher Response
Description Metric
fit in a school
classroom
larger than a
classroom

Individual What is your little See if word count can be

Commitment individual used to evaluate their level
commitment to the of effort.
project? some

complete

Individual Include a narrative

Commitment reflecting your
commitment to this
project.

Beneficial Elements

External interaction | Will this project have | no no
any external yes yes
interaction (Outside
CWU)?

External interaction If your project does
include external
interaction, please
include information
regarding the external
support tor
interaction, otherwise
leave blank.

Commercial Aspects | Will this project have | no no
any commercial yes yes
aspects?

Commercial Aspects | If your project does
include commercial
aspects, please
include information
regarding the
commercial aspect,
otherwise leave
blank.

Publishable Will this project be no no
published or do you | yes yes

intend it to be
published?
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Required Elements

Questions

Metric
Description

Researcher Response
Metric

Publishable

If your project will be
published, please
include information
regarding your
intention to publish
or disseminate your
project, otherwise
leave blank.
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Survey Results

APPENDIX B
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Appendix C. Researcher Assessment of student survey questions

d535qNd | Ys1|qnd dsayIawiucy |BDI3Wiue) dS3yWaNG |EUISG SIHWWOD JUSWHWWO)

M

Iy

on
on
on
on
on
oN
on
on
on
on
on
on
on
on
oN
on
on
on
on
on
on
on
on
on
on
on
on
on
on

n

ON
53
oN
saj
oN
£
EN
oN
oN
ON
oN
E
oN
ON
EN
oN
oN
oN
ON
oN
oN
oN
ON
53
sa
oN
s3j
oN
oN

S

oN
an
oN

=

o

d

370] |ooYIs B
20| |ooyIs B
sejd |ooyds e
sejdjooydse
20| |ooyIs e
se[d jooyIs e
420| |ooyIs e
570] jooyIs e
¥20] |ooyIs e
se|J jooyls e
20| jooyIs B
70| |ooYIs B
20| |ooyIs e
420| jooyIs &
se[d jooyIs B
se|d jooyIs e
se|d |ooyIs e
¥70] |ooyIs e
sejd jooyds e
20| |ooyIs B
sejd jooyds e
20| |ooyIs e
470] |ooyIs e
se|d jooyds e
20| |ooyIs e
570] |ooyIs e
sejdjooyds e
sej3 |ooyds e
20| |ooyIs B

(o]

uray,
uiay.
uray,
uray
uray
gy,
uray.
uray,
i3y
uray,
iy
uray
uray
uray,
ur gy,
uray.
uray.
uiay.
uray,
urag
uray
iy
uray.
[UET
uray
uray
iy
uray
uray
azs

uonew ol oN
uonewioul oy
uoHEw DU ON
000TS 010055
uonewiou ON
uonewioiul o
uoRewIou Oy
uonewo Ul oN
uoijew ol oN
uonewIoju oN
0053 uey) 5537
uonewiojur oN
000T$ 010055
0055 vely ss37
uonewIoiu; ON
uoRewIou ON
uonewio U oN
uonewioul oy
uonew DU ON
uonewWIoUl ON
uonewiour oN
005% uey) 5537
uoRewIou ON
uonewoiu; o
uoRew o ON
00075 030065
000T$ 010058
005% uey) 5537
UonBWIoUl ON

1500 adodg SISIN0SIY [EUMOWNN D1P3IdIOWNN

N

S3A
538
oN
s34
oN
oN
s2A
oN
s34
oN
=T
s3A
oN
T
oN
oN
s34
oN
oN
oN
oN
o
oN
s34
saA
E
oN
oN
oN

n )

ssaj 0z
ss3jd07
sorg
553|407
sog

ssaj 107
soe
so1g
SolE
sog
ss3jl07
ssaji0g
SOE
ssaji0g
ssaji0g
ssajlog
ss3j 07
ssajdo0z
ss3j 07
SO E
ssaji0¢
ssajio0g
ssajuog
ss3ji0g
imeaifiog
imeaifiog
ssajlog
sog
Ss2|J0 g

A

ssajio g
ssajlog
ssajiog
ssajiog
ssapi0¢
ssap0g
ssaji0g
ss3j0¢
ssajiog
ssajio g

SOg
ssajiog
ssajiog
ssaji0¢
ssajiog
ssaji0g
ss3j0g
ssajiog
ssajio g

solg
ssajiog
ssajlog
ssaji0g
ss3jio g

SOIE
ssajuog
ssajlog

solg
ssaji0g

r

saidesig saidesig
2a48esig =2a.8esig
saidy sasdesig
2248y =au8esig
saidesig aaidesig
s2.8esiq 23:8es1g
52.8y sa:desig
sai8esig | saifesig
2a48esig 22.3esig
saifesig saidesig
2248y =2a.8esig
23:8es10 je sayyEN
2a48esig 2:u8esig
saigesig saidesig
s2u8esig 23uesig
saudesig sa:desig
2248y sa:fesig
2a48esig =2a.8esig
saidesig aaidesig
22y ie 2N
saifesig asaidesiq
2a48esig aau8esig
saidesig saidesig
328y 2ai8esig
32,8y 2a:desig
228y sa:8esig
2a48esig =2a.8esig
2318y je saynaN
2a48esig 22.8esiq

ssaji0g
Jmeasfiog
Jaeaifiog
JmeaEiog
JmEafiog

S01g

Jmeaifiog
imeaifiog
J;easfiog
J3paifiog

SO1E

imeasiog

solg
soig
soig

JmeaSiog
Jmeafiog
Jmeassiog

soig

JmeasEiog

soig
Soig

ss3[10 7

Soig

smEaigiog

so1g
Sore

imeasiog

soig

Pipaid aavy 3aibagiowny

[ H

2

saidesig aaifesig
23Fe JayuiaN 23JFesig
a3iFe JaL3IaN B uAEN
aa.Besig e JayuEN
wdesaRN 3uEY
32188 JaU3aN B BN
sadesapEy by
aufesayeN audy
3352 JALIRN B JAIEN
23uSe JAL3EN B AN
EE3 - CRETET-BEET]
aa.de sauyay 3aidesig
ECN L A-FEIGTEIN]
saidesig saidesig
23.8e Jau3EN B 4AYEN
sudesappy by
228y aaifesig

2382 JaLRN B AIEN
23.8e 1ayyay 2aiesig
EENEEREED a8y
23T JALIRN B IAIEN
aa.8e JaiaN B JAEN
23,8y e LaynEN

23:88 J3L1EN B JAYNEN
saify  sady

aa.fe JaLyEN B aLeN
23.8e Jayuan 2aufesig
23S JaL3EN B 3N
2a.Fe JayueN 2.8y

poog
w3

poog
FUETIER|
uzEa
wajErg
ey
w3ga
w3
w2j 2
w3
w3y

poos

poog
sy
uEg
1w3pja
w3

Joogd
w33
FOETER=]
wajEa

1004

004

poog
w3j g
w3
w2y
w3313

SJUBW=.INb3y UDITIUNY JUSW31RISA0Id

4 3

a

3PN GI9SHITT

U2[[3243 L99LEEYT |

Ju3|EIX3 TTISZSPT

U2][22%3 £0768Y7T |
X3 ZTIBLBYYT

Jua[[23%3 09BLSYYT

U333 6TILYYYT |

WI|PIXF TTTIVEYT

U233 LSPTOEHT |

Ju3|j33x3 BRZIOEYET

U2[[2247 8BELPTTT |

B FIXF LEEEETYT
Ju[RI%3 BLSHTTVT
JuIFX] LZEVBIVE
Ju3[j29%3 SOLTLIVE

U330%3 STTLYTHT |

W3 EIXT SEFFPILT

U2[[32¥43 BEELETHT |

Ju3jF3x%3 9BE00TYE

3U31[32¥3 SEO00THT |

u|FIX3 FIS9TYOrT

u2([2%3 LEEOPOYT |
PooD T160V0VE

Ju3[|23%3 FPOPEEET

R[0T LELEBBET |

3|33 POETIYEET

U2[[32¥4T 96¥L20ET |

U3FIX3 9004522

U2][32¥3 CBOPEEOT |
JuspwEug al

2 a

-
)

Page 26.420.13



