
CRITERIO
N

 3.  STU
D

EN
T O

U
TCO

M
ES 

3.A Student O
utcom

es 

There are 13 student outcom
es for the B

.S. degree in the M
E program

 at the U
niversity of Iow

a. 
The student outcom

es (a) through (k) w
ere repeated verbatim

 as stated in the Section “G
eneral 

C
riteria for B

accalaureate Level Program
s” of the A

B
ET C

riteria forA
ccrediting Engineering 

Program
s. For criteria that are specific to the M

E program
,the program

’s
faculty discussed and 

unanim
ously adopted tw

o additional outcom
es, i.e.,(l) and (m

). These outcom
es are published 

on M
IE’sdepartm

ental w
ebsite.

O
utcom

e (a):
an ability to apply know

ledge of m
athem

atics, science, and engineering.

O
utcom

e (b):
an ability to design and conduct experim

ents, as w
ell as to analyze and interpret 

data.

O
utcom

e (c):
an ability to design a system

, com
ponent, or process to m

eet desired needs w
ithin 

realistic constraints such as econom
ic, environm

ental, social, political, ethical, 
health and safety, m

anufacturability, and sustainability.

O
utcom

e (d):
an ability to function on m

ultidisciplinary team
s.

O
utcom

e (e):
an ability to identify, form

ulate, and solve engineering problem
s.

O
utcom

e (f):
an understanding of professional and ethical responsibility.

O
utcom

e (g):
an ability to com

m
unicate effectively.

O
utcom

e (h):
the broad education necessary to understand the im

pact of engineering solutions 
in a global, econom

ic, environm
ental, and societal context.

O
utcom

e (i):
a recognition of the need for, and an ability to engage in life-long learning.

O
utcom

e (j):
a know

ledge of contem
porary issues.

O
utcom

e (k):
an ability to use the techniques, skills, and m

odern engineering tools necessary 
for engineering practice.

O
utcom

e (l):
an ability to w

ork professionally in either therm
al orfluid

system
s engineering, 

including the design and realization of such system
s.

O
utcom

e (m
):

an ability to w
ork professionally in m

echanical system
s engineering, including 

the design and realization of such system
s.
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3.B R
elationship of Student O

utcom
es to Program

 Educational O
bjectives 

Table 3.1
presents

the relationship betw
een the studentoutcom

es and the program
 educational 

objectives.The relationship w
as first discussed by the M

E A
B

ET com
m

ittee and then presented 
to M

E faculty m
em

bers for discussion and approval.

T
able 3.1.R

elationship betw
een the Student O

utcom
esand the Program

 E
ducational 

O
bjectives w

ith a Scale of (1,2,3)=
(Slightly,M

oderate, Strong) R
elationship

Program
 Educational O

bjectives
Student O

utcom
es

(a)
(b)

(c)
(d)

(e)
(f)

(g)
(h)

(i)
(j)

(k)
(l)

(m
)

1. W
ill have successful careers in engineering and 

beyond and w
ill have assum

ed professional roles of 
increasing responsibility and im

pact.
3

3
3

3
3

3
3

3
3

3
3

3
3

2. W
ill have acquired new

 know
ledge and expertise 

through professional developm
ent opportunities or 

advanced education.
2

2
2

2
2

1
2

2
3

2
2

2
2

3. W
ill be engaged in w

orkplace, professional,and
civic 

com
m

unities.
1

1
1

3
1

2
3

3
1

2
1

1
1
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CRITERIO
N

 4.  CO
N

TIN
U

O
U

S IM
PRO

VEM
EN

T 

4.A Student O
utcom

es 

B
ased on the feedback from

 the 2008-2009 A
B

ET review
 of the M

E Program
, the M

E faculty 
decided to use rubrics as the prim

ary
assessm

ent tool for each student outcom
e.  A

 rubric 
describes a set of perform

ance indicators and their degrees of achievem
entto facilitate a m

eans 
of evaluating student outcom

e.  It also contains quantitative elem
ents that allow

 the instructor to 
evaluate the extent to w

hich the student has m
et the expectations, as outlined in the rubric. D

uring 
the academ

ic year (A
Y

) 2009-2010, the M
E faculty designed rubrics and assessm

ent instrum
ents 

for each student outcom
e. Several faculty m

eetings w
ere held to discuss the rubrics and 

instrum
ents. The rubrics w

ere im
plem

ented in A
Y

 2010-2011. The assessm
ent results and 

corresponding continuous im
provem

ent actions based on the rubrics are discussed by the M
E 

faculty each sem
ester.Please refer to the docum

ented m
inutes of faculty m

eetings.The follow
ing 

subsections provide details on the assessm
ent process, the frequency of the assessm

ents, the 
expected level of attainm

ent, and sum
m

ary and analysis of the assessm
ent results for each student 

outcom
e. 

4.A.1 O
utcom

e (a): an ability to apply know
ledge of m

athem
atics, science, and 

engineering 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.1
presents the rubric used for assessing outcom

e (a).  The 
rubric utilizes three perform

ance indicators
that exam

ine  students’ abilities to (1) apply 
fundam

ental principles of science and engineering to solve basic problem
s; (2) apply engineering 

and m
athem

atical m
odels to solve open-ended problem

s; and (3) apply advanced m
athem

atical
principles to solve problem

s. Four degreesof achievem
ent,i.e., unsatisfactory (0), m

arginal (1), 
satisfactory (2), and exem

plary (3) are specified, w
here the parenthetical values represent the 

associated num
erical scores.

C
ourse used for A

ssessm
ent:M

E:3045 (58:045)H
eat Transfer (three

credit hours)

M
E3045 (58:045),‘H

eat Transfer’is a required course offered in the spring sem
ester of the junior 

year.  The application of m
athem

atics in this course is representative of the highest level expected 
of students in the M

E program
 and includes m

ulti-variate calculus and differential equations.  
Students m

ust also apply fundam
ental principles of physics (e.g.,conservation law

s and heat 
transfer rate equations) as w

ell as engineering m
odels (e.g.,heat transfer correlations) to solve 

problem
s. Students’ abilities to apply their know

ledge ofm
athem

atics, science, and engineering 
are evaluated in hom

ew
ork and exam

 problem
s and in an open-ended design project, w

hich each 
student com

pletes individually.
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Table 4.1.R
ubric for O

utcom
e (a) 

Perform
ance

Indicator

D
egree

of A
chievem

ent
U

nsatisfactory
(0)

M
arginal
(1)

Satisfactory
(2)

Exem
plary

(3)
1.  A

pplication 
of 
fundam

ental 
principles of 
science and 
engineering

C
annot identify or 

w
rite appropriate 

conservation or 
rate equation(s), or 
apply appropriate 
dim

ensionless 
param

eters or heat 
transfer 
correlations.

Is able to w
rite 

appropriate 
equations and 
param

eter 
definitions but does 
not exhibit a clear 
com

prehension of 
how

 to use them
 to 

solve the problem
.

Is able to w
rite 

relevant equations, 
uses dim

ensionless 
param

eters properly, 
and displays a general 
understanding of how

 
to use to solve the 
problem

, but w
ith 

som
e om

issions, 
m

inor 
m

isconceptions, or 
calculation errors.

C
an correctly w

rite 
and use applicable 
equations and 
param

eters to 
correctly and 
concisely solve the 
problem

.

2.  U
se of 

engineering 
and 
m

athem
atical 

m
odels to solve 

open-ended 
problem

s

C
annot identify 

relevant physical 
process(es) 
occurring in a 
given open-ended 
problem

; cannot 
propose and justify 
the use of a 
particular m

odel(s) 
to describe the 
process(es).

Identifies the 
relevant physical 
processes, and 
selects m

odels that 
describe these 
processes but does 
not use them

 
properly to solve the 
problem

.

Identifies the relevant 
physical processes, 
selects m

odels that 
are appropriate for the 
problem

, and uses 
them

 correctly 
(possibly w

ith m
inor 

calculation errors).

Identifies the 
relevant physical 
processes, selects 
m

odels that are 
appropriate for the 
problem

, justifying 
w

hy they are the 
best choice of those 
available, uses them

 
correctly, and
clearly explains the 
lim

itations of the 
m

odel forthe given 
problem

.
3.  A

pplication 
of advanced 
m

athem
atical 

principles to 
solve Problem

s

D
oes not recognize 

the type of 
m

athem
atical 

equation to be 
solved.

C
orrectly identifies 

the appropriate 
m

athem
atical

m
ethod to be 

em
ployed, but 

cannot effectively 
select or set up the 
appropriate 
m

athem
atical 

equation.

C
orrectly identifies 

the appropriate 
m

athem
atical m

odel 
and solves w

ith m
inor 

errors or om
issions.  

U
ses the solution to 

provide an answ
er to 

the problem
.

C
orrectly identifies 

the appropriate 
m

athem
atical m

odel, 
solves correctly and 
com

pletely, and uses 
the solution to 
provide an answ

er to 
the problem

.

A
ssessm

ent Instrum
ents:

Table 4.2
describes the assessm

ent instrum
ents pertaining to each 

perform
ance indicator defined in the rubric of outcom

e (a).

T
able 4.2.A

ssessm
ent Instrum

ents for O
utcom

e
(a) 

Perform
ance

Indicator
A

ssessm
ent Instrum

ent

1.  A
pplication of 

fundam
ental 

principles of 
science and 

Exam
ination questions: Students w

ill be given a problem
 sim

ilar to those in the textbook.  
The problem

 w
ill have idealized geom

etry, boundary conditions, and properties,such 
that the m

odels discussed in the course w
ill perfectly fit the problem

.  Students w
ill be 

required to solve the problem
 by appropriately applying energy conservation, rate 
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engineering
equations, dim

ensionless param
eters, heat transfer correlations, appropriate solutions to 

the heat conduction equation, etc., and substituting appropriate values to com
pute the 

solution (tem
perature distribution, heat flux, etc.).

2.  U
se of 

engineering and 
m

athem
atical 

m
odels to solve 

open-ended 
problem

s

Term
 projects: The term

 project is an open-ended design problem
 in w

hich students w
ill 

encounter geom
etries and boundary conditions w

hich do not conform
 exactly to the 

idealized cases studied in class.  Students w
ork individually and are required to m

ake 
judgm

ents about the relevant processes to m
odel and the appropriate m

odels to use.  
A

ssessm
ent w

ill address the appropriate and accurate use of m
athem

atical and 
engineering m

odels, as w
ell as the student’s justification of the use of theselected m

odels 
and their understanding of the applicability of the selected m

odel to the problem
.

3.  A
pplication of 

advanced 
m

athem
atical 

principles to solve 
problem

s

Exam
ination questions: Students w

ill be tested on
their ability to set up and solve 

advanced m
athem

atical equations to solve a problem
.  Likely exam

ples involve the heat 
equation (e.g.,selection of the appropriate form

, sim
plification, solution, application of 

appropriate boundary conditions) or integration of spectral or directional surface 
properties over a specified range of w

avelengths or solid angle.

(2) Frequency of A
ssessm

ent  

O
utcom

e (a) is assessed once per year (every spring sem
ester). 

(3) E
xpected L

evel of A
ttainm

ent  

The M
E Program

 faculty consider that outcom
e (a) is

attained if the follow
ing tw

o dim
ensions 

of the perform
ance m

easure are m
etfor each perform

ance indicator: (1) the average num
erical 

to tw
o indicates satisfactory perform

ance.  The threshold value of 84%
 is calculated based on the 

probability, 
[

1]
0.84

P
Z

,w
here Z

follow
s the standard norm

al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.3
presents the assessm

ent results for outcom
e (a) in term

s of both the average scores and 
percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n for 

each perform
ance indicator, as described in

Table 4.1, and
the outcom

e is assessed
for each 

sem
ester.  The num

erical results indicate the follow
ing:

(i)
B

oth dim
ensions of the perform

ance m
easure w

ere m
ostly m

et for the first tw
o 

perform
ance 

indicators, 
“application 

of 
fundam

ental 
principles 

of 
science 

and 
engineering”

and “use of engineering and m
athem

atical m
odels to solve open-ended 

problem
s,”

in the spring sem
esters of 2011, 2012, 2013, and 2014. 

(ii)
perform

ance indicator, “application of advanced m
athem

atical principles to solve 
problem

s,”
w

ere 1.8 and 77.8%
, respectively,in the spring of 2011 and 1.3 and 45.7%

, 
respectively,in the spring of 2012.  They w

ere
significantly low

er than the respective 
target thresholds of 2 and 84%

in the spring of 2012.A
fter taking corrective actions in 

the springs of 2013
and 2014, the re-assessm

ent
of the third perform

ance indicator 
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show
ed

a
great im

provem
entfrom

 45.7%
 in the spring 2012 to 74.1%

and 92.7%
 in the 

springs of 2013 and 2014, respectively.
Thus, both dim

ensions of the perform
ance 

m
easure w

ere m
et for all perform

ance indicators.

C
ontinuous im

provem
ents and action plans are described in

Section
4.B

.1.1.

T
able 4.3.A

ssessm
ent R

esults for O
utcom

e (a)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicator

A
pplication of 

fundam
ental 

principles of science 
and engineering

U
se of engineering 

and m
athem

atical 
m

odels to solve open-
ended problem

s

A
pplication of 
advanced 

m
athem

atical 
principles to solve 

problem
s

A
verage

(a) A
verage scores

Spring 2011
M

E3045
2.2

2
1.8

2
Spring 2012

M
E3045

2.4
2.4

1.3
2

Spring 2013
M

E3045
2.1

2.7
2.0

2.3
Spring 2014

M
E3045

2.4
2.6

2.0
2.3

(b) Percentages of scores exceeding 2
Spring 2011

M
E3045

79.4
88.9

77.8
60.3

Spring 2012
M

E3045
84

98.8
45.7

67.9
Spring 2013

M
E3045

87.1
92.9

74.1
82.4

Spring 2014
M

E3045
90.2

93.5
92.7

90.2

4.A.2  O
utcom

e (b): an ability to design and conduct experim
ents, as w

ell as to 
analyze and interpret data 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.4
presents the rubric used for assessing outcom

e (b).  The 
rubric utilizes six perform

ance indicators that exam
ine students’ abilities related to (1) laboratory 

safety; (2) instrum
entation usage; (3) experim

ental procedures; (4) error analysis; (5) data 
analysis; and (6) experim

ental design.  Four degrees
of achievem

ent,i.e., unsatisfactory (0), 
m

arginal (1), satisfactory (2), and exem
plary (3) are specified, w

ith the the parenthetical values 
representing

the associated num
erical scores.

C
ourse used for A

ssessm
ent:M

E:4080 (58:080),‘Experim
ental Engineering’(fourcredit hours).

M
E:4080 (58:080),‘Experim

ental Engineering,’covers instrum
entation and sensors, calibration, 

data acquisition, data reduction, error analysis, and overall experim
entaldesign.  Error analysis 

includes identification of elem
ental errors, evaluation of precision and bias errors, instrum

ent 
dynam

ic errors, and error propagation.  The course is w
ell suited to assess the

ability of students 
to design and conduct experim

ents and to analyze and interpret experim
ental results.
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T
able 4.4.R

ubric for O
utcom

e (b)

Perform
ance

Indicator

D
e gree

of A
chievem

ent
U

nsatisfactory
(0)

M
arginal
(1)

Satisfactory
(2)

Exem
plary

(3)
1. L

aboratory 
safet y

N
o appreciation of 

safety guidelines.
U

nsafe lab procedures 
frequent.

U
nsafe lab procedures 

infrequent.
O

bserves good lab 
safety procedures.

2. Instrum
enta-

tion usage
D

oes not understand 
how

 the instrum
ents 

w
ork. C

annot select 
appropriate 
instrum

entation to 
perform

 m
easurem

ents. 
Is unable to operate the 
instrum

entation 
provided.   

H
as m

inim
al 

understanding ofhow
 

instrum
ents operate. 

N
eeds significant 

supervision to select the 
proper equipm

ent and 
instrum

ents and to 
operate equipm

ent.

H
as m

ostly a basic 
understanding ofhow

 
instrum

ents operate. 
N

eeds som
e guidance to 

select the proper 
equipm

ent and 
instrum

ents and to 
operate equipm

ent.

H
as an understanding 

ofhow
 instrum

ents 
operate. C

an select the 
proper equipm

ent and 
instrum

ents and is able 
to properly operate 
equipm

ent. 

3.Experim
ental 

procedures 

C
annot follow

 
experim

ental 
procedures. U

nable to 
form

ulate a logic 
experim

ental plan. D
ata 

docum
entation is poor 

leading to loss of data.

H
as problem

s follow
ing 

the logic of the 
procedures in pre-set 
experim

ents. R
equires 

significant supervision 
to develop and 
im

plem
ent experim

ental 
procedures. Is aw

are of 
standards ofdata 
collection and 
docum

entation, but has 
problem

s follow
ing 

them
.

M
ostly understands the 

logic of the procedures in 
pre-set experim

ents. 
W

ith guidance, is able to 
develop and im

plem
ent 

experim
ental procedures. 

Follow
s standards ofdata 

collection and 
docum

entation, although 
occasional oversight can 
cause loss of efficiency 
or data.

U
nderstands the logic 

of the procedures in 
pre-set experim

ents. 
Im

proves on w
hat is 

suggested. Is able to 
develop and 
im

plem
ent sound 

experim
ental 

procedures. Follow
s 

good standards ofdata 
collection and 
docum

entation.

4. Error 
analysis

Is unaw
are of the 

im
portance of error 

analysis. C
annot 

com
pute errors. 

Is aw
are of 

m
easurem

ent errors but 
has problem

 applying 
the theory and requires 
significant help to 
achieve a final result.

Is aw
are of m

easurem
ent 

errors and can estim
ate 

m
ost but requires som

e 
help to achieve a final 
result.

D
efines and estim

ates 
elem

ental errors. 
Produces proper 
statistical estim

ates of 
precision errors and 
evaluation of bias 
errors and propagates 
to final result.

5. D
ata analysis

C
annot relate data to 

theory.
A

ttem
pts analysis of the 

data but does so w
ith 

considerable errors. 

M
ost of the tim

e 
analyzes the data 
correctly but does not 
have grasp of the 
underlying theory.
M

isses results that are 
not included in the w

rite-
ups.

U
ses appropriate 

theory to analyze the 
data and extract 
inform

ation from
 it. 

Identifies features in 
the results that are of 
interest or that deviate
from

 the theory or 
expected outcom

e.
6. Experim

ent 
design

U
nable to design an 

experim
ent.

N
eeds considerable 

guidance and 
supervision to

design an 
experim

ent. H
as 

problem
s obtaining 

good data and 
m

eaningful results.

C
an m

ostly design 
adequate experim

ents. 
C

hooses instrum
entation, 

designs procedures, 
acquires data, perform

s 
analysis and obtains 
m

eaningful results w
ith 

som
e help.

A
ble to design an 

experim
ent that w

ill 
produce the desired 
outcom

e. C
an choose 

instrum
entation, 

design procedures, 
acquire the data, 
perform

 analysis and 
obtain m

eaningful 
results w

ithout help.
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A
ssessm

ent Instrum
ents:

Table 4.5
describes the assessm

ent instrum
ents pertaining to each 

perform
ance indicator defined in the rubric of outcom

e (b).

T
able 4.5.A

ssessm
ent Instrum

ents for O
utcom

e (b)

Perform
ance

Indicator
A

ssessm
ent Instrum

ent

1. Laboratory safety
Laboratory observation throughout the sem

ester (graded daily by TA
s). Lab 

safety guidelines are provided in the course syllabus and one lecture on lab 
safety is given atthe beginning of the sem

ester.
2. Instrum

entation usage
Individual log book and Exam

 II.
3. Experim

ental 
procedures 

“Experim
ental considerations” section in Individual Technical R

eport(ITR
).

4. Error analysis
Exam

 I and “Error A
nalysis” section in ITR

.
5. D

ata analysis
“R

esults and discussion” section in Individual Technical R
eport.

6. Experim
ent design

Individual lab logbook in Independent G
roup Project. In the log book, the 

selection of instrum
entation, design of lab procedures, data acquisition and 

analysis are used to assess “Experim
ent D

esign.”

(2) Frequency of A
ssessm

ent  

O
utcom

e (b) is assessed tw
ice per year (fall and spring sem

esters).

(3) E
xpected L

evel of A
ttainm

ent  

The M
E Program

 faculty consider that outcom
e (b) is attained if the follow

ing tw
o dim

ensions 
of the perform

ance m
easure are m

etfor each perform
ance indicator: (1) the average num

erical 

to tw
o indicates satisfactory perform

ance.  The threshold value of 84%
 is calculated based on the 

probability, 
[

1]
0.84

P
Z

,w
here Z

follow
s the standard norm

al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.6
presents the assessm

ent results for outcom
e (b) in term

s of both the average scores and 
percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n for 

each perform
ance indicator, as described in

Table 4.44.4, and the outcom
e is assessed

for each 
sem

ester.  The num
erical results indicated

the follow
ing:

(i)
The average scores for all six perform

ance indicators, obtained from
 2010 to 2014, w

ere  
m

ostly greater than 2 except for the indicators, “instrum
entation usage”

in the spring 
of 2012 (1.9) and  “error analysis”

in the fall of 2010 (1.8).  The scores im
proved after 

the fall of 2012, w
hen part of the contents previously taught in M

E:4080 (58:080),
‘Experim

ental Engineering,’
w

ere m
oved to the new

 course
M

E:3351
(58:051),

‘Engineering Instrum
entation.’O

verall, based on the first dim
ension of the perform

ance 
m

easure, outcom
e (b) w

as achieved.

(ii)
The percentages of st

perform
ance indicators w

ere 
below

 the target value of 84%
.

C
orrective actions undertaken in the fall sem

ester of 
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2012 yielded significantly better results
w

here im
provem

ents w
ere required.  Even so,

the percentage scores for the indicators “experim
ental procedures”

and “experim
ent 

design”
w

ere still below
 84%

 in the fall of 2012.A
fter taking corrective action in the 

spring of 2013, the re-assessm
ent of the

tw
o indicators show

ed
im

provem
ent in the 

percentage scores. Thus, both dim
ensions of the perform

ance m
easure w

ere m
etfor all 

perform
ance indicators in the fall sem

ester of 2013 and the spring sem
ester of 2014. 

C
ontinuous im

provem
ent actions are

described in Section
4.B

.1.2.

T
able 4.6.A

ssessm
ent R

esults for O
utcom

e (b)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicator

Lab
safety

Instrum
.

usage
Exp.

proced.
Error

analysis
D

ata 
analysis

Exp.
design

A
verage

(a) A
verage scores

Fall 2010
M

E:4080
2.7

2.2
2.1

1.8
2.5

2.2
2.3

Spring 2011
M

E:4080
3

2.1
2.5

2.1
2.6

2.7
2.5

Fall 2011
M

E:4080
3

2.1
2.4

2.7
2.5

2.9
2.6

Spring 2012
M

E:4080
3

1.9
2.8

2.7
2

2.3
2.5

Fall 2012
M

E:4080
3

2.6
2.3

2.8
2.4

2.4
2.6

Spring 2013
M

E:4080
2.9

2.6
2.6

2.7
2.0

2.3
2.5

Fall 2013
M

E:4080
2.6

2.4
2.9

2.6
2.3

2.6
2.5

Spring 2014
M

E:4080
2.9

2.4
2.5

2.7
2.3

2.9
2.6

(b) Percentages of scores exceeding 2
Fall 2010

M
E:4080

100
73.3

60
46.7

93.3
86.7

86.7
Spring 2011

M
E:4080

100
73.3

95
75.0

96.7
96.7

88.3
Fall 2011

M
E:4080

100
91.7

91.7
100

100
100

91.7
Spring 2012

M
E:4080

100
72.9

97.9
100

83.3
83.3

93.8
Fall 2012

M
E:4080

100
100

80
100

100
70

100
Spring 2013

M
E:4080

98.5
91.0

92.5
98.5

89.6
86.6

92.5
Fall 2013

M
E:4080

93.3
86.7

100.0
93.3

86.7
86.7

93.3
Spring 2014

M
E:4080

98.5
95.6

85.3
95.6

85.3
98.5

94.1

4.A.3 O
utcom

e (c): an ability to design a system
, com

ponent, or process to m
eet 

desired needs w
ithin realistic constraints such as econom

ic, environm
ental, social, 

political, ethical, health and safety, m
anufacturability, and sustainability 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.7
presents the rubric used for assessing outcom

e (c).  The 
rubric utilizes four perform

ance indicators that exam
ine students’ abilities related to (1) goals 

and 
objectives; 

(2) 
resources, 

issues, 
and 

constraints; 
(3) 

design 
solution 

and 
process 

im
plem

entation; and (4) dem
onstration of design skills and design innovation.  Four degrees

of 
achievem

ent,
i.e., unsatisfactory (0), m

arginal (1), satisfactory (2), and exem
plary (3) are 

specified, w
ith the parenthetical values representing

the associated num
erical scores.

C
ourses

used for A
ssessm

ent:
M

E:4086 (58:086),
‘M

echanical Engineering D
esign Project’

31

(three
credit hours)and

M
E:4186 (58:186),‘Enhanced D

esign Experience’(three
credit hours).

M
E:4086 (58:086)

is a required capstone design course,and M
E:4186 (58:186)

is a required 
design course for the D

esign EFA
 and both are offered during the senior year. A

com
m

on 
principal goal of these

coursesis to integrate engineering and science coursew
ork by developing 

an ability to design a system
, com

ponent, or process to m
eet desired needs w

ithin realistic 
constraints, such as econom

ic, environm
ental, social, political, ethical, health and safety, 

m
anufacturability, and sustainability. The capstone design course is w

ell suited to assess student 
outcom

e (c).

T
able 4.7

R
ubric for O

utcom
e (c)

Perform
ance

Indicator

D
egree

of A
chievem

ent
U

nsatisfactory
(0)

M
arginal
(1)

Satisfactory
(2)

Exem
plary

(3)
1. G

oals and 
objectives

N
o understanding 

of design goals or 
objectives; 
objectives are 
absent or poorly 
form

ulated.

H
as som

e 
understanding of 
objectives but unclear 
about the

‘big 
picture;’ has 
form

ulated som
e 

design objectives.

R
ecognizes goals and 

show
s understanding

of these to design 
objectives; narrow

 
focus on design.

D
em

onstrates 
understanding of 
overall goals; know

s 
that the design m

ay 
be a subset of a 
largersystem

 
design.

2. R
esources, 

issues, and 
constraints

U
naw

are of 
design issues and 
constraints, 
including
econom

ic, 
environm

ental, 
social, political, 
ethical, health and 
safety, 
m

anufacturability, 
and sustainability; 
no resources 
identified.

H
as som

e 
understanding of 
design issues and 
constraints and has 
addressed resources.

W
ell-docum

ented 
design issues and 
constraints; has 
addressed resources 
needed to com

plete 
design or system

.

In addition to (2), 
has developed 
alternative plans for 
resources; has 
alternative m

ethods 
of m

eeting design 
issues and 
constraints.

3. D
esign 

solution and 
process 
im

plem
entation

Tasks identified, 
but no evidence of 
progression from

 
one task to the 
next; tim

e critical 
tasks or schedule 
not identified; 
im

plem
entation of 

process ignored.

Tasks identified and 
progression is listed; 
dem

onstrates som
e 

understanding of 
tim

e-sensitive tasks; 
has considered how

 
to address these 
tasks; process follow

s 
a specified plan and 
orderly 
im

plem
entation.

W
ell defined 

progression; critical 
tasks identified and 
m

ethods to address 
them

 are adequate; 
process developm

ent 
follow

s defined tasks 
and m

eets schedule.

H
as w

orked out a 
system

atic and 
detailed list of tasks 
w

ith logical 
schedule; attention 
is paid to tim

e 
critical tasks; has 
provided schedule 
for tim

e critical 
tasks; detailed 
schedule according 
to plan is provided.

4. D
em

onstration 
of design skills 
and design 
innovation

Progress is alm
ost 

non-existent; no 
skills show

n and 
concept of 
innovation is non-
existent.

Progress is adequate 
and show

s design 
skills; hardly any 
design innovation; 
lim

ited variations.

G
ood progress w

ith 
good design skills; 
lim

ited design 
innovation; 
alternatives 
considered.

Progress according 
to schedule; good 
design skills; design 
has m

any 
innovations and 
alternatives.
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A
ssessm

ent Instrum
ents:

Table 4.8
describes the assessm

ent instrum
ents pertaining to each 

perform
ance indicator defined in the rubric of outcom

e (c).

Table 4.8.A
ssessm

ent Instrum
ents for O

utcom
e (c) 

Perform
ance

Indicator

A
ssessm

ent Instrum
ent

D
esign R

eview
 

M
eetings

Project Proposal
Final Team

 
Presentation

Final T
eam

 R
eport

1. G
oals and 

objectives
Student 
perform

ance w
hen 

chairing review
 

m
eetings

G
oals and 

O
bjectivessection

Student 
perform

ance 
describing project 
objectives

Executive Sum
m

ary 
and

Introduction
section describing 
goals and objectives

2. R
esources, 

issues, and 
constraints

Student 
perform

ance w
hen 

chairing review
 

m
eetings

Resources and 
Constraints
section

Student 
perform

ance 
describing use of 
resources and 
constraints

Procedure
section 

describing resources, 
issues, and 
constraints

3. D
esign solution 

and process 
im

plem
entation

Student 
perform

ance w
hen 

chairing review
 

m
eetings

Expected Results 
and O

utcom
es

section

Student 
perform

ance 
discussing design 
decisions

Results and 
D

iscussion
section 

describing design 
solution and process 
im

plem
entation

4. D
em

onstration 
of design skills and 
design innovation

Student 
perform

ance w
hen 

chairing review
 

m
eetings

Expected Results 
and O

utcom
es

section

Student 
perform

ance 
describing 
effectiveness of 
design solutions

Results and 
D

iscussion
and 

Conclusion sections 
describing design 
skills and innovation

(2) Frequency of A
ssessm

ent  

O
utcom

e (c) isassessed tw
ice per year (fall and spring sem

esters). 

(3) E
xpected L

evel of A
ttainm

ent  

The M
E Program

 faculty consider that outcom
e (c) is attained if the follow

ing tw
o dim

ensions 
of the perform

ance m
easure are m

etfor each perform
ance indicator: (1) the average num

erical 

to tw
o indicates satisfactory perform

ance.  The threshold value of 84%
 is calculated based on the 

probability,
[

1]
0.84

P
Z

,w
here Z

follow
s the standard norm

al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.9
presents the assessm

ent results for outcom
e (c) in term

s of both the average scores and 
percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n for 

each perform
ance indicator, as described in

Table 4.7,and the outcom
e is assessed

for each 
sem

ester.  The num
erical results indicate the follow

ing:

(i)
B

oth dim
ensions of the perform

ance m
easure assessed via M

E:4086 (58:086) w
ere m

et 
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for all four perform
ance indicators in the fall sem

ester of 2010, the spring and fall 
sem

esters of 2012
and 2013,and the spring sem

ester of 2014. The data for the fall and 
spring sem

esters of 2011 w
ere not collected and this outcom

e could not be assessed
for 

those sem
esters.B

ased on the available data
from

 2010 and 2012-2014,outcom
e (c) 

w
as achieved.

(ii)
B

eginning in the spring of 2013,M
E:4186 (58:186)and M

E:4086 (58:086) w
ere used 

for the assessm
ent of outcom

e (c). B
oth dim

ensions of the perform
ance m

easure based 
on M

E:4186 (58:186) data w
ere m

et for all perform
ance indicators.

C
ontinuous im

provem
ents and action plans are described in Section

4.B
.1.3.

T
able 4.9.A

ssessm
ent R

esults for O
utcom

e (c)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicator

G
oals and 

objectives

R
esources, 

issues, and 
constraints

D
esign solution 
and process 

im
plem

entation

D
em

onstration of 
design skills and 

design
innovation

A
verage

(a) A
verage scores

Fall 2010
M

E:4086
2.8

2.8
2.8

2.8
2.8

Spring 2011
M

E:4086
N

A
N

A
N

A
N

A
N

A
Fall 2011

M
E:4086

N
A

N
A

N
A

N
A

N
A

Spring 2012
M

E:4086
2.7

2.6
2.6

2.6
2.6

Fall 2012
M

E:4086
2.8

2.7
2.7

2.7
2.7

Spring 2013
M

E:4086
2.8

2.7
2.5

2.2
2.6

Spring 2013
M

E:4186
2.6

2.6
2.6

2.6
2.6

Fall 2013
M

E:4086
2.7

2.5
2.6

2.5
2.6

Spring 2014
M

E:4086
2.6

2.4
2.5

2.3
2.6

Spring 2014
M

E:4186
2.7

2.7
2.6

2.7
2.7

(b) Percentages of scores exceeding 2
Fall 2010

M
E:4086

100
100

100.0
100

100
Spring 2011

M
E:4086

N
A

N
A

N
A

N
A

N
A

Fall 2011
M

E:4086
N

A
N

A
N

A
N

A
N

A
Spring 2012

M
E:4086

100
100

96.3
100

100
Fall 2012

M
E:4086

100
100

100
100

100
Spring 2013

M
E:4086

100
100

100
90

100
Spring 2013

M
E:4186

100
100

100
100

100
Fall 2013

M
E:4086

100
100

100
100

100
Spring 2014

M
E:4086

100
100

100
84

100
Spring 2014

M
E:4186

100
91.7

91.7
100

91.7

4.A.4 O
utcom

e (d): an ability to function on m
ultidisciplinary team

s 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.10
presents the rubric used for assessing outcom

e (d).  The 
rubric utilizes fiveperform

ance indicators that exam
ine students’ abilities related to (1) initiative; 

(2) responsibility; (3) contribution to team
 w

ork or project; (4) m
ulti-disciplinary interaction; and 

(5) intra-team
 com

m
unication skills. Four degrees

of achievem
ent, i.e., unsatisfactory (0), 
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m
arginal (1), satisfactory (2), and exem

plary (3) are specified
for w

hich the parenthetical values 
represent the associated num

erical scores.

C
ourses used for A

ssessm
ent:

M
E:4086 (58:086),

‘M
echanical Engineering D

esign Project’
(three

credit hours);M
E:4186 (58:186),‘Enhanced D

esign Experience’(three
credit hours);and 

EN
G

R
:2760

(57:021),‘D
esign for M

anufacturing’(three
credit hours)

M
E:4086 (58:086)

is a required capstone design course,and M
E:4186 (58:186)

is a required 
design course for the D

esign EFA
; both are offered during the senior year. The goals of these 

courses are to integrate engineering and science coursew
ork,

w
hile concurrently developing 

w
ritten com

m
unication, oral com

m
unication, and m

ulti-disciplinary team
w

ork skills. This 
integration is accom

plished by having the students w
ork on a design project, w

hich is technically 
sound, raises aw

areness of contem
porary issues, and develops appreciation of the econom

ic, 
global, societal and ethical contexts

of engineering w
ork. These courses w

ere found to be w
ell-

suited for assessing the ability of students to w
ork effectively on

m
ulti-disciplinary team

s. 

EN
G

R
:2760 (57:021)

is a required course offered during the sophom
ore year. The course

requires student team
s to follow

 a form
al design process

and m
anufacture and test the product 

they develop against the products of other student groups. This course includes this activity to 
help the students learn about various m

anufacturing processes and provide them
 hands-on

experience w
ith the m

achine tools in the ‘D
esign for M

anufacturing Laboratory’
follow

ed by 
applying them

 on a real-w
orld project, e.g., the “Electric C

ar Project.” Student team
s w

ork in the 
‘D

esign for M
anufacturing Laboratory’under the close supervision of the instructor and teaching 

assistants. The evaluation is perform
ed by a panel consisting of the instructor and the TA

s in 
addition to students’ peer evaluation.

T
able 4.10.R

ubric for O
utcom

e (d)

Perform
ance

Indicator
D

egree of achievem
ent

U
nsatisfactory

(0)
M

arginal
(1)

Satisfactory
(2)

Exem
plary

(3)
1. Initiative

D
oes not show

 
interest in w

ork. 
Passive at team

 
m

eetings. D
oes not 

initiate cooperation/ 
interaction w

ith 
team

m
ates and/or 

professionals from
 

other disciplines.   

Show
s som

e interest in 
w

ork. Participatesin 
team

 m
eetings, but

unable to lead a 
discussion. 
O

ccasionally initiates 
cooperation w

ith 
team

m
ates, but unable 

to be in charge of the 
project tasks.

Exhibits interest in w
ork 

as evidenced by in-depth 
study of assigned tasks 
and active participation 
in project discussions. 
A

ssum
es leadership 

roles. Initiates 
cooperation w

ith 
team

m
ates and 

professionals from
 other 

disciplines.   

G
enerates 

opportunities to enrich 
project outcom

es, 
w

hile exhibiting 
system

atic and 
rigorous approach to 
w

ork.  Leads m
ost of 

the discussions at team
 

m
eetings. R

ecognized 
as a team

 leader by the 
team

m
ates. Effectively 

engages in 
collaboration w

ith 
professionals from

 
other disciplines to 
benefit the project.   

2. R
esponsibility

D
oes not do 

assigned w
ork. 

M
isses team

 
m

eetings. Ignores 
deadlines. Lacks 
personal 

D
oes som

e of the 
assigned w

ork. A
ttends 

team
 m

eetings, but 
often is late or 
unprepared. A

w
are of

the im
portance of 

Perform
s all assigned 

w
ork. A

cts 
professionally. V

iew
ed 

as reliable and 
responsible by 
team

m
ates. H

as positive 

Perform
s all assigned 

w
ork. A

cts 
professionally at all 
tim

es. H
as a strong 

sense of personal 
responsibility and 
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responsibility. 
V

iew
ed as 

unreliable and 
irresponsible by 
other team

m
ates.  

individual’s 
responsibility in the 
team

 success, but often 
is reluctant to exercise 
it.

im
pact on team

 dynam
ics 

by ensuring individual 
and team

 discipline and 
accountability.

expects the sam
e from

 
others. H

as a strong 
im

pact on team
 

dynam
ics by fostering 

individual and team
 

discipline and 
accountability.

3. C
ontribution 

to team
 w

ork or 
project

D
oesn’t contribute 

to team
 project; no 

useful suggestion to 
address team

’s 
needs; doesn’t 
collect any useful 
inform

ation needed 
for the project or 
w

ork.

Tries to offer som
e 

ideas but not w
ell-

thought out or 
developed; collects 
inform

ation w
hen 

pushed to do so but 
often late; contributes 
little to team

’s w
ork or 

project.

C
ollects useful, basic 

inform
ation; usually 

offers good ideas to m
eet 

team
’s needs

O
ffers w

ell-developed 
and clearly expressed 
ideas to help team

 in 
its project; perform

s 
all tasks effectively 
and in a tim

ely 
m

anner; goes w
ell 

beyond expectations to 
help the team

 com
plete 

the project.
4. M

ulti-
disciplinary 
interaction

R
efuses to engage 

in dialog w
ith team

 
m

em
bers from

 other 
disciplines; D

oes 
not bother to learn 
even basic 
vocabulary required 
to com

m
unicate 

w
ith team

 m
em

bers 
from

 other 
disciplines

If pressured, w
ill 

engage in dialog w
ith 

team
 m

em
bers from

 
other disciplines. Is 
poorly prepared and 
spends little tim

e 
learning basic 
vocabulary of other 
disciplines and applies 
vocabulary w

ith other 
team

 m
em

bers only as a 
last resort.

O
ccasionally engages in 

dialog w
ith team

 
m

em
bers from

 other 
disciplines. Is m

oderately 
w

ell prepared and spends 
som

e tim
e learning basic 

vocabulary of other 
disciplines and applies 
vocabulary w

ith other 
team

 m
em

bers as needed 
to accom

plish project 
tasks.

A
ctively engages in 

dialog w
ith team

 
m

em
bers from

 other 
disciplines and 
encourages other team

 
m

em
bers to do the 

sam
e. Is w

ell prepared 
and spends tim

e 
learning basic and 
som

e advanced 
vocabulary of other 
disciplines and applies 
vocabulary w

ith other 
team

 m
em

bers as 
needed to accom

plish 
project tasks.

5. Intra-team
 

com
m

unication 
skills

D
oes not talk to 

other team
 

m
em

bers.  D
oes 

not reply to 
em

ails or requests
for help from

 
other team

 
m

em
bers.

Is slow
 to reply to 

em
ails.  D

oesn’t 
provide needed 
inform

ation to others. 
D

oesn’t request 
needed m

aterials.

R
eplies to em

ails in a 
reasonable am

ount of 
tim

e.  D
iscusses tasks, 

goals, and provides 
inform

ation as needed.

Is pro-active about 
identifying 
inform

ation and 
com

m
unicating it to 

team
-m

em
bers.  

H
elps other to locate 

inform
ation and 

share am
ong all 

parties involved.

A
ssessm

ent Instrum
ents:

Table 4.11
describes the assessm

ent instrum
ents pertaining to each 

perform
ance indicator defined in the rubric of outcom

e (d).

T
able 4.11.A

ssessm
ent Instrum

ents for O
utcom

e (d)

Perform
ance 

Indicator

A
ssessm

ent Instrum
ent

Final team
 report

from
 

M
E:4086/M

E:4186
(a)

Individual 
student’s essay
from

 M
E:4086

and
M

E:4186
(a)

Student peer 
evaluations

from
 M

E:4086
and

M
E:4186

(a)

Laboratory 
observations

from
 EN

G
R

:2760

1. Initiative
Student essay on 
prom

oting 
interaction w

ith 

Student peer 
evaluation form

s 
grading initiative 
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team
m

ates and 
other professionals

in perform
ing 

assigned w
ork

2. R
esponsibility

Student peer 
evaluation form

s 
grading 
responsibility in 
perform

ing 
assigned w

ork

Laboratory 
observations 
evaluating 
students’ 
responsibility,
including 
participation in the 
assigned w

ork
3. C

ontribution 
to team

 w
ork or 

project

Student peer 
evaluation form

s 
grading 
contribution to 
team

 w
ork or 

project

Laboratory 
observations 
evaluating 
students’ 
contribution to 
team

 w
ork or 

project
4. M

ulti-
disciplinary 
interaction

Results and D
iscussion

section explaining 
interaction w

ith vendors 
and collaborators and 
describing effective 
integration of w

ork from
 

different disciplines 

Student essay 
describing 
effective 
integration of w

ork 
from

 different 
disciplines  

Student peer 
evaluation form

s 
grading 
contribution to 
m

ulti-disciplinary 
interaction

Laboratory 
observations 
evaluating 
students’ 
interactions on 
m

ulti-disciplinary 
team

s
5. Intra-team

 
com

m
unication 

skills

The assessm
ent of 

this perform
ance 

indicator is based 
on 1) idea sharing 
and exchanging 
betw

een team
 

m
em

bers and 2) 
the support 
betw

een subtasks
(a) M

E:4086
is used for both fall and spring sem

esters, w
hereas M

E:4186
is used only for spring sem

esters.

(2) Frequency of A
ssessm

ent  

O
utcom

e (d) is assessed tw
ice per year. 

(3) E
xpected L

evel of A
ttainm

ent  

The M
E Program

 faculty consider that outcom
e (d) is attained if the follow

ing tw
o dim

ensions 
of the perform

ance m
easure are m

etfor each perform
ance indicator: (1) the average num

erical 

to tw
o indicates satisfactory perform

ance.  The threshold value of 84%
 is calculated based on the 

probability,
[

1]
0.84

P
Z

,w
here Z

follow
s the standard norm

al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent
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Table 4.12
presents the assessm

ent results for outcom
e (d) in term

s of both the average scores 
and percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n 

for each perform
ance indicator, as described in

Table 4.10, and the outcom
e is assessed

for each 
sem

ester.  The num
erical results indicate the follow

ing:

(i)
D

ata w
ere not collected in the spring and fall sem

esters of 2011 or in the spring sem
ester 

of 2012, and the outcom
es w

ere not assessed. W
ith the data collected in fall sem

ester 
of 2010,the spring and fall sem

esters of 2012, the spring and fall sem
esters of 2013, 

and the spring
sem

ester of
2014,both dim

ensions of the perform
ance m

easure w
ere

m
ostly m

et for all perform
ance indicators. The only exception w

as that, for the third 
perform

ance indicator, “contribution to team
w

ork or project”
in the fall sem

ester of 
2012 sem

ester, the score of 80%
 using EN

G
R

:2760 (57:021)
w

as slightly below
 the 

target value of 84%
.

H
ow

ever,this percentage score w
as

im
proved to 97.9%

 in the 
spring of 2013, but it w

as 82.6%
 in the fall of 2013. This can be explained by the very 

low
 enrollm

ent of M
E students (thus, a sm

all sam
ple of 23) in EN

G
R

:2760 (57:021)in 
fall sem

ester of 2013.The percentage increased back to 96.9%
in the spring of 2014,

w
hen

there w
ere 96 M

E students taking the course. Therefore, outcom
e (d) w

as 
achieved.

(ii)
B

ased on the initial data and faculty discussions, the perform
ance indicators for 

outcom
e (d) w

ere am
ended by replacing “cooperation” w

ith “contribution to team
 w

ork 
or project,” and “know

ledge transfer”w
as replaced by “m

ulti-disciplinary interaction.” 
The revised rubric provides an im

proved description of outcom
e (d).

C
ontinuous im

provem
ents and action plans are described in Section

4.B
.1.4.

T
able 4.12.A

ssessm
ent R

esults for O
utcom

e (d)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicator

Initiative
R

esponsibility

C
ontribution 

to 
team

w
ork

or 
project (a)

M
ulti-

disciplinary 
interaction

(b)

Intra-team
 

C
om

m
unica-

tion skills (f)
A

verage

(a) A
verage scores

Fall 2010
M

E:4086
2.6

2.7
2.8

(c)
2.7

(d)
2.7

Spring 2011
M

E:4086
N

A
N

A
N

A
N

A
N

A
Spring 2011

M
E:4186

N
A

N
A

N
A

N
A

N
A

Fall 2011
M

E:4086
N

A
N

A
N

A
N

A
N

A
Spring 2012

M
E:4086

2.6
2.6

2.6
(c)

2.6
(d)

2.6
Spring 2012

M
E:4186

N
A

N
A

N
A

N
A

N
A

Spring 2012
EN

G
R

:2760
_

(e)
2.7

2.4
2.7

2.6
Fall 2012

M
E:4086

2.6
2.6

2.6
(c)

2.6
(d)

2.6
Fall 2012

EN
G

R
:2760

_
(e)

2.7
2.6

2.6
2.6

Spring 2013
M

E:4086
2.7

2.7
2.7

2.7
2.8

2.7
Spring 2013

M
E:4186

2.8
2.9

2.9
2.9

2.8
2.9

Spring 2013
EN

G
R

:2760
_

(e)
2.7

2.7
2.8

2.7
Fall 2013

M
E:4086

2.6
2.8

2.6
2.2

2.9
2.6

Fall 2013
EN

G
R

:2760
_

(e)
2.4

2.4
2.5

2.4
Spring 2014

M
E:4086

2.6
2.8

2.8
2.6

2.8
2.7

Spring 2014
M

E:4186
2.5

2.7
2.8

2.7
2.8

2.7
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Spring 2014
EN

G
R

:2760
_

(e)
2.8

2.7
2.7

2.7
(b) Percentages of scores exceeding 2

Fall 2010
M

E:4086
94.1

91.2
97.1

(c)
97.1

(d)
94.1

Spring 2011
M

E:4086
N

A
N

A
N

A
N

A
N

A
Spring 2011

M
E:4186

N
A

N
A

N
A

N
A

N
A

Fall 2011
M

E:4086
N

A
N

A
N

A
N

A
N

A
Spring 2012

M
E:4086

96.3
96.3

100
(c)

100
(d)

96.3
Spring 2012

M
E:4186

N
A

N
A

N
A

N
A

N
A

Spring 2012
EN

G
R

:2760
_

(e)
93.8

90.1
98.4

93.8
Fall 2012

M
E:4086

92
88

100
(c)

96
(d)

92
Fall 2012

EN
G

R
:2760

_
(e)

85
80

95
95

Spring 2013
M

E:4086
93.1

96.6
89.7

96.6
93.1

96.6
Spring 2013

M
E:4186

100
100

100
100

100
100

Spring 2013
EN

G
R

:2760
_

(e)
98.9

97.9
98.9

98.6
Fall 2013

M
E:4086

95.7
91.3

87.0
91.3

95.7
95.7

Fall 2013
EN

G
R

:2760
_

(e)
87

82.6
91.3

87
Spring 2014

M
E:4086

91.3
95.7

91.3
95.7

95.7
95.7

Spring 2014
M

E:4186
87.5

91.7
95.8

100
91.7

91.7
Spring 2014

EN
G

R
:2760

_
(e)

97.9
96.9

96.9
97.2

(a)
The indicator “C

ontribution to team
w

ork or project” is a revised version of the indicator “C
ooperation.”  

The revised version w
as adopted in the spring of 2013.

(b)
The indicator “M

ulti-disciplinary interaction” is a revised version of the indicator “K
now

ledge transfer.”  
The revised version w

asadopted in the spring of 2013.
(c)

The scores are based on the previously used indicator “C
ooperation.”

(d)
The scores are based on the previously used indicator “K

now
ledge transfer.”

(e)
N

ot assessed.
(f)

The indicator “Intra-team
 com

m
unication skills” w

as added in the spring of 2013.

4.A.5 O
utcom

e (e): an ability to identify, form
ulate, and solve engineering problem

s 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.13
presents the rubric used for assessing outcom

e (e).  The 
rubric utilizes three perform

ance indicators that exam
ine students’ abilities related to (1) 

identifying
and form

ulating
an engineering problem

; (2) the selection and use of proper 
engineering solution m

ethods; and (3) the analysis and interpretation of problem
 solutions.  Four 

degreesof achievem
entw

ere specified, i.e., unsatisfactory (0), m
arginal (1), satisfactory (2), and 

exem
plary (3) for w

hich the parenthetical values represent the associated num
erical scores.

C
ourse used for A

ssessm
ent:M

E:3052 (58:052),‘M
echanical System

s’(fourcredit hours)

M
E:3052 (58:052)

is a required course during the junior year in the M
echanical Engineering 

Program
.The course requires each student to com

plete a
project and prepare a w

ritten report. 
The goal of the project is to develop an engineering solution to an open-ended problem

 that is 
described using non-technical language. Students are expected to identify an engineering 
problem

 in the project narrative, form
ulate an appropriate engineering m

odel,and solve this 
m

odel using appropriate analytical and com
putational techniques. A

 w
ritten project report is used 

to assess the rubric criteria. The course has been found to be w
ell-suited to assessing

the ability 
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of students to identify, form
ulate, and solve engineering problem

s. 

T
able 4.13.R

ubric for O
utcom

e (e)

Perform
ance

Indicator

D
egree of A

chievem
ent

U
nsatisfactory

(0)
M

arginal
(1)

Satisfactory
(2)

Exem
plary

(3)
1. A

bility to 
identify and 
form

ulate 
engineering 
problem

U
nable to 

recognize 
engineering 
aspects of the 
problem

. C
annot 

form
ulate an 

engineering 
m

odel. Lack of 
technical 
reasoning; does 
not use 
appropriate 
technical 
term

inology.

R
ecognizes 

engineering aspects 
of the problem

 ata
superficial level. The 
form

ulated 
engineering m

odel 
has deficiencies. 
Shaky technical 
reasoning; occasional 
use of non-standard 
or inappropriate 
term

inology.  

R
ecognizes 

engineering aspects of 
the problem

. A
ble to 

generate adequate and 
correctly form

ulated 
engineering m

odels. 
Solid technical 
reasoning; good 
com

m
and of 

term
inology.

R
ecognizes 

engineering aspects 
of the problem

, their 
com

plexity, and 
relative im

portance.
Form

ulates clear and 
precise engineering 
m

odels and the 
underlying 
assum

ptions. 
R

igorous and deep 
technical reasoning. 

2. Selection and 
use of 
appropriate 
analytical and 
com

putational 
tools

Lacks know
ledge 

of the necessary 
engineering 
m

ethods and 
tools. The 
selected m

ethods 
are inadequate for 
solving the 
problem

; incorrect 
use of the solution 
techniques.

H
as som

e know
ledge 

of the appropriate 
engineering 
techniques. The 
selected m

ethods are 
adequate, but not 
utilized to their full 
capability and/or 
utilized w

ith som
e 

errors. 

H
as good know

ledge 
of appropriate 
engineering 
techniques. The 
selected tools are 
adequate and efficient; 
dem

onstrates 
proficiency in using 
these solution 
m

ethods.

H
as full know

ledge 
and understanding 
of engineering 
techniques; applies
concurrent m

ethods 
throughout solution 
procedures. 
M

eticulous and 
creative approach to 
standard solution 
m

ethods.
3. A

nalysis and 
interpretation of
the solutions to 
problem

s 

N
o solution or 

only a
partial 

solution is 
constructed. N

o 
analysis of the 
solution and its 
engineering 
feasibility is 
conducted.

The constructed 
solution has som

e 
w

eaknesses; its 
analysis and
interpretation are 
incom

plete and m
ay 

m
iss im

portant 
im

plications of the 
solution’s 
engineering 
feasibility. 

The constructed 
solution is technically 
sound and com

plete. A
 

detailed analysis of the 
solution as to its 
engineering feasibility 
is conducted, 
including sensitivity 
studiesand other 
appropriate
considerations

A
 com

prehensive set 
of solutions that 
depend on various 
assum

ptions or 
conditions is 
developed. A

n in-
depth and thorough 
solution analysis, 
w

hich determ
ines 

lim
its of its 

applicability, 
illustrates it on case 
studiesis conducted. 

A
ssessm

ent Instrum
ents:

Table 4.14
describes the assessm

ent instrum
ents pertaining to each 

perform
ance indicator defined in the rubric of outcom

e (e).
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T
able 4.14.A

ssessm
ent Instrum

ents for O
utcom

e (e)

Perform
ance Indicator

A
ssessm

ent instrum
ent

Project report

1. A
bility to identify and 

form
ulate engineering 

problem

This perform
ance indicator is evaluated using the Problem

 form
ulation

section of 
the project report. Students are required to identify technical aspects of the 
problem

; to generate and form
ulate an engineering m

odel; and to provide a clear 
and concise description of the hypotheses, assum

ptions, and m
ethodologies to be 

used to solve the problem
.  

2. Selection and use of 
appropriate analytical 
and com

putational tools

This perform
ance indicator is evaluated using the Solution procedure

section of the 
project report. Students are required to provide a detailed description ofthe specific 
analytical and com

putational m
ethods used to solve the problem

. These m
ethods 

(e.g.,elem
entary beam

 theory, failure theories, solid m
odeling, and finite elem

ent 
analysis) are taught in M

E:3052,the ‘M
echanical System

s’course and other 
related courses (i.e.,57:019,‘M

echanics of D
eform

able B
odies’and EN

G
R

:2760,
‘D

esign for M
anufacturing’).

3. A
nalysis and 

interpretation of the 
solutions to problem

s

This perform
ance indicator is evaluated using the Results and D

iscussion
section of 

the project report. Students are required to provide detailed analysis of the results 
they obtained using at least tw

o different solution m
ethods (analytical vs. 

com
putational); validate the results; discuss the im

pact of various hypotheses and
assum

ptions in the problem
 form

ulation on the results; discuss lim
itations of the 

solution m
ethods and how

 they im
pact the results; discuss design im

plications of 
the results.

(2) Frequency of A
ssessm

ent  

O
utcom

e (e) is assessed once per year (spring sem
ester). 

(3) E
xpected L

evel of A
ttainm

ent  

The M
E Program

 faculty consider that outcom
e (e) is attained if the follow

ing tw
o dim

ensions 
of the perform

ance m
easure are m

etfor each perform
ance indicator: (1) the average num

erical 

to tw
o indicates satisfactory perform

ance.  The threshold value of 84%
 is calculated based on the 

probability, 
[

1]
0.84

P
Z

,w
here Z

follow
s the standard norm

al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.15
presents the assessm

ent results for outcom
e (e) in term

s of both the average scores 
and percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n 

for each perform
ance indicator, as described in

Table 4.13, and for each sem
ester the outcom

e is 
assessed.  The num

erical results indicate the follow
ing:

(i)
The average scores for all three perform

ance indicators, obtained in the spring 
sem

esters of 2011,2012,and 2013, are equal to or greater than 2, thereby satisfying the 
first dim

ension of the perform
ance m

easure.  
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(ii)
w

 perform
ance indicators 

w
ere slightly less than the target value of 84%

in the spring sem
esters of 2011

and 2012.
The corrective actions that w

ere undertaken in
the spring of 2013 im

proved
the second 

dim
ension of the perform

ance m
easure.  Thus, outcom

e (e) w
as achieved.

C
ontinuous im

provem
ent actions are described in Section

4.B
.1.5.

T
able 4.15.A

ssessm
ent R

esults for O
utcom

e (e)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicator

A
bility to identify 
and form

ulate 
engineering 

problem

Selection and use of 
appropriate 

analytical and 
com

putational tools

A
nalysis and 

interpretation of 
the solutions to 

problem
s

A
verage

(a) A
verage scores

Spring 2011
M

E:3052
2

2
2

2
Spring 2012

M
E:3052

2.2
2.2

2.2
2.2

Spring 2013
M

E:3052
2.7

2.8
2.6

2.7
Spring 2014

M
E:3052

2.8
2.9

2.6
2.7

(b) Percentages of scores exceeding 2
Spring 2011

M
E:3052

78.5
90.8

76.9
64.6

Spring 2012
M

E:3052
82.6

85.2
76.5

84.6
Spring 2013

M
E:3052

100.0
100.0

92.0
98.3

Spring 2014
M

E:3052
98.5

98.5
93.8

96.9

4.A.6 O
utcom

e (f): an understanding of professional and ethical responsibility 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Tanle 4.16
presents the rubric used for assessing outcom

e (f).  The 
rubric utilizes three perform

ance indicators that exam
ine students’ abilities related to (1)

know
ledge of the N

ational Society of Professional Engineers’
(N

SPE’s)
code of engineering 

ethics;(2) ethical considerations in engineering practice; and (3) professional considerations in 
engineering practice.  Four degrees of achievem

entare specified, i.e., unsatisfactory (0), m
arginal 

(1), satisfactory (2), and exem
plary (3)for w

hich the parenthetical values represent the associated 
num

erical scores.

C
ourses used for A

ssessm
ent:

M
E:4055 (58:055),‘M

echanical System
s D

esign’
(four

credit 
hours)and M

E:0099 (58:091),‘M
E Professional Sem

inar’(no
credit hours)

M
E:4055 (58:055)is a required,four-credit course offered during the senior year. C

ourse topics 
include design considerations for m

echanical engineering
system

s; strength, deform
ation, and 

durability of m
echanical elem

ents; safe-life, fail-safe, dam
age-tolerant design;

and
standards, 

product liability, and ethics in design. The course M
E:4055 (58:055)

requires each student to 
com

plete w
ritten assignm

ents on Product Liability, Standards, and Engineering Ethics Q
uiz. 

These 
w

ritten 
assignm

ents 
and 

final 
exam

 
questions 

are 
used 

to 
assess 

the 
student’s 

understanding of professional and ethical responsibility.
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M
E:0099 (58:091)is a required 0-credit course offered during the junior and senior years. This 

course introduces students to the practical aspects of being a m
echanical engineer in the 

w
orkplace, com

m
unity,

and the w
orld. Professionals from

 various engineering environm
ents 

(e.g., industry, consulting, governm
ent, education, and graduate study) are invited to discuss the 

field of m
echanical engineering

w
ith students.V

arious topics
are discussed depending on the 

expertise and experience of the speakers, including,but not lim
ited to,the technical aspects of a 

career in engineering, professional developm
ent, professional conduct, ethics, lifelong learning,

and global and societal issues related to the engineering profession.Tw
o lectures are provided 

on ethics.This course w
as added to the curriculum

 in the fall of 2013
to assess the perform

ance 
indicator,“Ethical considerations in engineering practice.”

T
able 4.16.R

ubric for O
utcom

e (f)

Perform
ance

Indicator

D
egree of A

chievem
ent

U
nsatisfactory

(0)
M

arginal
(1)

Satisfactory
(2)

Exem
plary

(3)
1. K

now
ledge of 

the N
SPE code of 

engineering 
ethics 

U
naw

are of N
SPE 

code of 
engineering ethics 
or other 
engineering ethics 
codes form

ed by 
professional 
engineering 
organizations

K
now

s that the N
SPE 

code of engineering 
ethicsexists. K

now
s 

of m
any N

SPE 
statem

ents, but does 
not em

phasize that 
safety is param

ount 
in engineering 
practice

K
now

ledgeable about 
the N

SPE code of 
engineering ethics. 
K

now
s that safety is 

param
ount in 

engineering practice

V
ery know

ledgeable 
about the N

SPE 
code of ethics. 
K

now
s that safety is 

param
ount in 

engineering practice

2. Ethical 
considerations in 
engineering 
practice

D
oes not 

understand the 
ethical aspects of
engineering

U
nable to form

ulate 
adequate ideas 
related

to
ethical 

practicesin 
engineering

C
an form

ulate 
adequate ideas related
to the ethical practice 
of engineering

C
an form

ulate 
excellent ideas in the 
ethical practice of 
engineering

3. Professional 
considerations in 
engineering 
practice

D
oes not 

understand
professional 
aspects including 
products’liability 

M
inim

al 
understanding of 
professional aspects 
including products’
liability 

U
nderstands 

professional aspects 
including w

ritten 
com

m
unication of 

products’liability  

C
om

plete 
understanding of 
professional aspects 
including w

ritten 
com

m
unications of 

products’liability

A
ssessm

ent Instrum
ents:

Tanle 4.17
describes the assessm

ent instrum
ents pertaining to each 

perform
ance indicator defined in the rubric of outcom

e (f).

T
able 4.17.A

ssessm
ent Instrum

ents for O
utcom

e (f) 

Perform
ance 

Indicator
A

ssessm
ent Instrum

ents

M
E:4055,‘M

echanical System
s D

esign’
M

E:0099,‘M
E 

Professional 
Sem

inar’
Final
Exam

Product Liability 
Standards 

Engineering 
Ethics Q

uiz
Ethics

W
ritten A

ssignm
ent
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Problem
 1

W
ritten 

A
ssignm

ent 
W

ritten 
A

ssignm
ent 

1. N
SPE code of 

engineering ethics 
know

ledge
X

X

2. Ethical 
considerations in 
engineering 
practice

X
X

3. Professional 
considerations in 
engineering 
practice

X
X

(2) Frequency of A
ssessm

ent  

O
utcom

e (f) is assessed once per year (fall sem
ester). 

(3) E
xpected L

evel of A
ttainm

ent  

The M
E Program

 faculty consider that outcom
e (f) is attained if the follow

ing tw
o dim

ensions 
of the perform

ance m
easure are m

etfor each perform
ance indicator: (1) the average num

erical 

to tw
o indicates satisfactory perform

ance.  The threshold value of 84%
 is calculated based on the 

probability, 
[

1]
0.84

P
Z

,w
here Z

follow
s the standard norm

al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.18
presents the assessm

ent results for outcom
e (f) in term

s of both the average scores 
and percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n 

for each perform
ance indicator, as described in

Table 4.16
and the outcom

e is assessed
for each 

sem
ester.  The num

erical results indicate the follow
ing:

(i)
B

oth dim
ensions of the perform

ance m
easure w

ere m
et for all three perform

ance 
indicators in the fall sem

esters of 2010,2011, 2012, and 2013.Therefore, outcom
e (f) 

w
as fully achieved.  

C
ontinuous im

provem
ents and action plans are described in Section 4.B

.1.6.
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T
able 4.18.A

ssessm
ent R

esults for O
utcom

e (f)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicators

K
now

ledge of 
N

SPE’scode of 
engineering 

ethics 

Ethical 
considerations in 

engineering practice

Professional 
considerations in 

engineering 
practice

A
verage

(a) A
verage scores

Fall 2010
M

E:4055
2.5

2.6
2.8

2.6
Fall 2011

M
E:4055

2.7
2.5

3.0
2.7

Fall 2012
M

E:4055
2.7

2.7
2.4

2.6
Fall 2013

M
E:4055:01

2.4
2.78

2.89
2.69

Fall 2013
M

E:4055:02
2.8

2.96
2.94

2.9
Fall 2013

M
E:0099

2.67
2.67

(b) Percentages of scores exceeding
2

Fall 2010
M

E:4055
79.2

91.7
95.8

95.8
Fall 2011

M
E:4055

84.5
84.5

100
96.5

Fall 2012
M

E:4055
92.8

94
85.5

95.2
Fall 2013

M
E:4055:01

97
96

100
100

Fall 2013
M

E:4055:02
100

100
100

100
Fall 2013

M
E:0099

89.5
89.5

4.A.7 O
utcom

e (g): an ability to com
m

unicate effectively 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.19
presents the rubric used for assessing outcom

e (g). This 
rubric is used to assess the ability of a student to com

m
unicate effectively orally and in

w
riting.

It utilizes four perform
ance indicators that exam

ine students’ abilitiesrelative to (1) organization 
ofw

riting, (2) w
riting skills, (3) organization ofpresentations, and (4) presentation skills. Four 

degrees
of achievem

entare specified, i.e., unsatisfactory (0), m
arginal (1), satisfactory (2), and 

exem
plary (3) for w

hich the parenthetical values represent the associated num
erical scores.

C
ourse used for A

ssessm
ent:

M
E:4080 (58:080),

‘Experim
ental Engineering,’

(four
credit 

hours);
M

E:4086 (58:086),
‘M

echanical Engineering D
esign Project,’

(three
credit hours);

M
E:4186 (58:186),‘Enhanced D

esign Experience,’(three
credit hours).

M
E:4080 (58:080)is a required course offered in the senior year. Students are required to w

rite 
an individual technical report about designing and conducting experim

ents
and analyzing and 

interpreting data. This course is has ben found to be w
ell-suited for assessing the

ability of 
students to com

m
unicate effectively in w

riting. 

M
E:4086 (58:086)

is a required capstone design course,and M
E:4186 (58:186)

is a required 
design course for the D

esign EFA
, and both courses are offered during the senior year. The goal 

of these
courses is to integrate engineering and science coursew

ork,
w

hile concurrently 
developing w

ritten com
m

unication, oral com
m

unication, and m
ulti-disciplinary team

w
ork skills. 

This integration is accom
plished by having the students w

ork on a design project
that is 
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technically sound, raises aw
areness of contem

porary issues, and develops appreciation of the 
econom

ic, global, societal and ethical contexts
of engineering w

ork. These courses have been 
found to be w

ell-suited for assessing
the ability of students to com

m
unicate effectively in oral 

presentations.

T
able 4.19.R

ubric for O
utcom

e (g)

Perform
ance 

Indicator

D
egree of A

chievem
ent

U
nsatisfactory 

(0)
M

arginal 
(1)

Satisfactory 
(2)

Exem
plary 

(3)
1. O

rganization 
in w

riting
N

o sequence of 
inform

ation. N
o 

graphics. Poor 
discussion and 
conclusions.  
Poorly designed 
contents.

Poor sequence of 
inform

ation. Som
e 

graphics but not 
referenced. Lim

ited 
discussion and 
conclusions. U

nclear 
content.

A
logical sequence 

of inform
ation

is 
used. Som

e 
graphics are used 
to explain and 
interpret the text. 
Proper discussion 
and conclusions. 
C

lear content.

A
logical sequence of 

inform
ation

is used.
Proper graphics are 
used to explain and 
interpret the text. 
Thoughtful discussion 
and conclusions. C

lear 
and interesting w

riting.

2. W
riting 

skills
N

um
erous 

gram
m

ar and 
spelling errors. 
Long and 
confusing 
sentences. Poor 
syntax.

A
 few

 gram
m

ar 
and/or spelling errors. 
U

nderstandable 
sentences. Fair 
syntax.

H
ardly any 

gram
m

ar and/or 
spelling errors. 
G

ood syntax and 
sentences.

Error free. A
ppropriate 

and concise syntax and 
sentences. 

3. O
rganization 

in  presentation
N

o sequence of 
inform

ation. N
o 

graphics. Text 
doesn’t m

atch 
im

ages. Poorly 
designed layout. 

Poor sequence of 
inform

ation. Lim
ited 

graphics that hardly 
support the 
presentation. 
Insufficient or 
excessive text for 
im

ages. U
nclear 

m
aterials and layout. 

The student has 
used a logical 
sequence of 
inform

ation. G
ood 

graphics that 
support the 
presentation. 
Proper text for 
im

ages. C
lear 

m
aterials and 

layout. 

The student has w
isely 

used sequencing of 
inform

ation. V
ery good 

graphics w
ith proper 

text to support the 
presentation. C

lear and 
interesting layout. 

4. Presentation 
skills 

N
o eye contact 

w
ith the audience. 

Poor body 
language.

Lim
ited eye contact 

w
ith the audience. 

Lim
ited proper body 

language.

G
ood eye contact 

w
ith the audience. 

G
ood body 

language and 
m

ovem
ent.

V
ery good eye contact 

and body language. 
Talks w

ith clarity. 
C

orrect language usage 
in regard to both the 
m

aterials and the 
audience.

A
ssessm

ent Instrum
ents:

Table 4.20
describes the assessm

ent instrum
ents pertaining each 

perform
ance indicator defined in the rubric of outcom

e (g). 
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T
able 4.20.A

ssessm
ent Instrum

ents for O
utcom

e
(g)

Perform
ance 

Indicator
A

ssessm
ent Instrum

ent

Individual technical reports in M
E:4080

Final presentations in M
E:4086(0186)

1. O
rganization 

in w
riting

The 
assessm

ent 
of 

this 
perform

ance 
indicator 

is 
based 

on 
1) 

the 
use 

of 
inform

ation
in a logical sequence ; 2) 

usage and interpretation of graphics; 3) 
discussion and conclusions; and 4) clarity 
of the content.

2. W
riting skills

The 
assessm

ent 
of 

this 
perform

ance 
indicator is based on 1) gram

m
ar and 

spelling errors; 2) sentence structure; and 
3) syntax.

3. O
rganization 

in presentation
The assessm

ent of this perform
ance indicator 

is based on 1) the use of inform
ation in a 

logical 
sequence

during 
presentations; 

2) 
usage and interpretation of graphics; and 3) 
clarity of layout.

4. Presentation 
skills

The assessm
ent of this perform

ance indicator 
is based on 1) eye contactand 2) proper body 
language.

(2) Frequency of A
ssessm

ent  

O
utcom

e (g) is assessed tw
ice per year (every sem

ester). 

(3) E
xpected L

evel of A
ttainm

ent

The
M

E Program
 faculty consider that outcom

e (g) is attained if the follow
ing tw

o dim
ensions 

of the perform
ance m

easure are m
etfor each perform

ance indicator: (1) the average num
erical 

A
 num

erical score equal 
to tw

o indicates satisfactory perform
ance. The threshold value of 84%

 is calculated based on the 
probability, 

[
1]

0.84
P

Z
,w

here Z
follow

s the standard norm
al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.21
presents the assessm

ent results for outcom
e (g) in term

s of both the average scores 
and percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n 

for each perform
ance indicator, as described in

Table 4.19, and the outcom
e is assessed

for each 
sem

ester.  The num
erical results indicated the follow

ing:

(i)
The average scores for all four perform

ance indicators, obtained from
 2010 to 2014,

w
ere greater than 2. The first dim

ension of the perform
ance m

easure w
as m

et.

(ii)
w

ere 
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m
ostly greater than the targetvalue of 84%

except for the indicator, “organization in 
w

riting,”
in the fall sem

ester of 2010 (73.3%
)and the indicator, “w

riting skills,”
in 

the spring sem
ester of 2014 (82.4%

). H
ow

ever, there w
ere im

provem
ents in the 

follow
ing sem

esters
for the indicator,“organization in w

riting.”
The slightly low

er 
percentage of 82.4%

 for the indicator,
w

riting skills,
in the spring of 2014

that 
resulted in an average percentage of 79.4%

w
as due,in part,to the use of a new

grading schem
e that allow

ed
students to estim

ate their expected grade during the 
sem

ester.O
verall,the second dim

ension of the perform
ance m

easure w
as m

etand
outcom

e (g) w
as

achieved.
The faculty is considering

m
easures to im

prove
the 

outcom
es, e.g., providing com

m
ents on prelim

inary reports.

C
ontinuous im

provem
ents and action plans are described in Section

4.B
.1.7.

T
able 4.21.A

ssessm
ent R

esults for O
utcom

e (g)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicator

O
rganization in

w
riting

W
riting skills

O
rganization in
presentation

Presentation 
skills

A
verage

(a)
A

verage scores
Fall 2010

M
E:4080

2.1
2.2

2.2
M

E:4086
2.5

2.0
2.2

Spring 2011
M

E:4080
2.9

2.5
2.7

M
E:4086 

(M
E:4186)

2.3
2.2

2.2

Fall 2011
M

E:4080
2.7

2.9
2.8

M
E:4086

3.0
2.5

2.8
Spring 2012

M
E:4080

2.9
2.8

2.8
M

E:4086
(M

E:4186)
2.5

2.5
2.5

Fall 2012
M

E:4080
2.8

2.8
2.8

M
E:4086

2.5
2.5

2.5
Spring 2013

M
E:4080

2.7
2.8

2.7
M

E:4086
(M

E:4186)
2.5

2.5
2.5

Fall 2013
M

E:4080
3.0

2.7
2.8

M
E:4086

2.5
2.4

2.5
Spring 2014

M
E:4080

2.4
2.4

2.4
M

E:4086
(a)

2.7
2.4

2.6
M

E:4186
(a)

2.7
2.4

2.6
(b)

Percentages of scores exceeding 2
Fall 2010

M
E:4080

73.3
86.7

73.3
M

E:4086
94.1

91.2
88.2

Spring 2011
M

E:4080
100.0

96.7
100.0

M
E:4086

(M
E:4186)

96.8
96.8

93.5

Fall 2011
M

E:4080
100.0

100.0
100.0

M
E:4086

100.0
100.0

100.0
Spring 2012

M
E:4080

95.8
93.8

97.9
M

E:4086
(M

E:4186)
100.0

85.2
96.3

Fall 2012
M

E:4080
100.0

100.0
100.0
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M
E:4086

100.0
90.0

94.0
Spring 2013

M
E:4080

89.6
97.0

91.0
M

E:4086
(M

E:4186)
100.0

98.2
100.0

Fall 2013
M

E:4080
100.0

93.3
100.0

M
E:4086

100.0
87.0

87.0
Spring 2014

M
E:4080

86.4
82.4

79.4
M

E:4086
(a)

100.0
96.9

100.0
M

E:4186
(a)

100.0
100.0

100.0
(a)

The perform
ance indicators,“O

rganization in
presentation” and “Presentation skills,”

w
ere assessed via 

M
E:4086 and M

E:4186, respectively. B
efore the spring sem

ester of 2014, the scores w
ere calculated by 

com
bining the scores from

 the tw
o courses.B

eginning w
ith

the spring of 2014, the faculty decided to 
present the data separately

for clarity.

4.A.8 O
utcom

e (h): the broad education necessary to understand the im
pact of 

engineering solutions in a global, econom
ic, environm

ental, and societal context 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.22
presents the rubric used for assessing outcom

e (h). The 
rubric utilizes three perform

ance indicators, i.e., (1) social concerns; (2) im
pact of the solution; 

and (3) im
pact on the environm

ent and culture.  Four degrees of achievem
entw

ere specified, 
i.e., unsatisfactory (0), m

arginal (1), satisfactory (2), and exem
plary (3)

w
ith the num

bers in 
parentheses representing the num

ericalscores.

C
ourse used for A

ssessm
ent:

M
E:4048 (58:048),‘Engineering System

s D
esign,’

(four
credit 

hours).

M
E:4048 (58:048), ‘Engineering System

s D
esign,’is a required design course offered during the 

senior year. The goal of this course is to integrate engineering and science coursew
ork as it relates 

to 
therm

o-fluid-related 
engineering 

problem
s,

w
hile 

concurrently 
developing 

w
ritten 

com
m

unication, oral com
m

unication, and m
ulti-disciplinary team

w
ork skills. This integration is 

accom
plished by having the students w

ork on a design project, w
hich is technically sound, raises 

aw
areness of contem

porary issues, and develops appreciation of the econom
ic, global, societal 

and ethical contextsof engineering w
ork.

T
able 4.22.R

ubric for O
utcom

e (h)

Perform
ance 

Indicator

D
egree of A

chievem
ent

U
nsatisfactory

(0)
M

arginal
(1)

Satisfactory
(2)

Exem
plary

(3)
1. Technical 
problem

 and 
social 
concerns

Ignorant of link 
betw

een the technical 
problem

 and social 
issues and trends

H
as som

e 
know

ledge about 
the link betw

een 
the technical 
problem

 and social 
issues and trends

V
ery conversant 

about the link 
betw

een the 
technical problem

 
and socialissues 
and trends.

V
ery aw

are of the 
social issues and trends 
related to technical 
problem

s; know
s latest 

developm
ent in the 

subject area in a larger 
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context.
2. Im

pact of 
solution

C
ould not care less 

about the im
pact of 

technologies on 
society and its 
resources.

Is aw
are of the 

im
pact of 

technologies on 
society

and social 
issues and trends

Identifies how
 

technologies 
address im

pactson 
society and social 
trends.

Insightsare offered to 
address the im

pact of 
technical solutionson 
society and social 
trends; constraints 
related to alternate 
solutions are discussed.

3. Im
pact on 

environm
ent 

and culture

U
naw

are of how
 the 

technology, process, 
or design w

ill 
influence 
environm

ent and 
culture locally or in a 
larger context.

H
as som

e 
know

ledge about 
how

 technology, 
processes,and 
designsw

ill im
pact 

the environm
ent 

and culture.

V
ery aw

are of the 
im

pact of 
technology,
processes,and 
designson the 
environm

ent and
culture.

Is very aw
are of the 

im
pact of technology, 

processes,and designs
on the environm

ent and 
culture; addresses how

 
to m

inim
ize adverse 

im
pacts.

A
ssessm

ent Instrum
ents:

Table 4.23
describes the assessm

ent instrum
ents pertaining to each 

perform
ance indicator defined in the rubric of outcom

e (h). 

T
able 4.23.A

ssessm
ent Instrum

ents for O
utcom

e (h)

Perform
ance 

Indicator
A

ssessm
ent Instrum

ent
M

E:4048
Energy System

s D
esign

1. Technical 
problem

 and 
socialconcerns

Q
uiz on the effects and causes of global w

arm
ing. See sam

ple student Q
uiz w

ork.

2. Im
pact of 

solution
The student w

ill address the feasibility and potential im
pact of a solar panel system

 
installed in the parking lot of a local m

all from
 several angles that relate to sustainability. 

See sam
ple student w

ork on hom
ew

ork assignm
ent #1

(Problem
 3).

3. Im
pact on the 

environm
ent and 

culture

A
Pow

erPoint presentation on the energy consum
ption profile of various cities across the 

globe and their im
pact on the environm

ent and quality of life indices.  See sam
ple 

student presentations.

(2) Frequency of A
ssessm

ent  

O
utcom

e (h) is assessed once per year (fall sem
ester).

(3) E
xpected L

evel of A
ttainm

ent  

The M
E Program

 faculty consider that outcom
e (h) is attained if the follow

ing tw
o dim

ensions 
of the perform

ance m
easure are m

etfor each perform
ance indicator: (1) the average num

erical 
A

 num
erical score equal 

to tw
o indicates satisfactory perform

ance. The threshold value of 84%
 is calculated based on the 

probability,
[

1]
0.84

P
Z

,w
here Z

follow
s the standard norm

al distribution.
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(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.24
presents the assessm

ent results for outcom
e (h) in term

s of both the average scores 
and percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n 

for each perform
ance indicator, as described in

Table 4.22, and the outcom
e is assessed

for each 
sem

ester.  The num
erical results indicate the follow

ing:

(i)
B

oth dim
ensions of the perform

ance m
easure w

ere m
et for all three perform

ance 
indicators.  Therefore, outcom

e (h) w
as fully achieved.  

C
ontinuous im

provem
ents and action plans are described in Section

4.B
.1.8.

T
able 4.24.A

ssessm
ent R

esults for O
utcom

e (h)

Sem
ester

C
ourse
N

o.

Perform
ance Indicator

Technical            
problem

Im
pact of solution

Im
pact   on 

environm
ent

A
verage

(a)
A

verage score
Fall 2010

M
E:4048

2.55
2.85

2.86
2.75

Fall 2011
M

E:4048
2.69

2.71
2.68

2.69
Fall 2012

M
E:4048

2.53
2.78

2.70
2.67

Fall 2013
M

E:4048
3.00

2.82
2.67

2.83
(b)

Percentages of scores exceeding 2
Fall 2010

M
E:4048

100.0
100.0

100.0
100.0

Fall 2011
M

E:4048
100.0

100.0
100.0

100.0
Fall 2012

M
E:4048

98.7
100.0

100.0
100.0

Fall 2013
M

E:4048
98.8

100.0
100.0

100.0

4.A.9 O
utcom

e (i): a recognition of the need for, and an ability to engage in life-long 
learning 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.25
presents the rubric used for assessing outcom

e (i). This 
rubric w

asused to assess the ability of students to recognize the need for and engage in life-long 
learning. The rubric utilizes fourperform

ance indicators, i.e., (1) curiosity; (2) responsibility; (3) 
know

ledge translation;
and (4) integration.  Four degrees of achievem

ent
are specified, i.e., 

unsatisfactory
(0), m

arginal (1), satisfactory (2), and exem
plary (3), w

ith the parenthetical values 
representing

the associated num
erical scores.

C
ourse used for A

ssessm
ent:M

E:4048 (58:048),‘Energy System
s D

esign,’(fourcredit hours)
and

M
E:4055 (58:055),‘M

echanical System
s D

esign’(fourcredit hours).

M
E:4048 (58:048)is a required design course offered during the senior year. The goal of this 

course is to integrate engineering and science coursew
ork as it relates to therm

al system
s and 

energy-related engineering problem
s,

w
hile concurrently developing w

ritten com
m

unication, 
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oral com
m

unication, and m
ulti-disciplinary team

w
ork skills. This integration is accom

plished by 
having the students w

ork on open-ended design problem
s throughout the course. The students 

also learn about research issues related to contem
porary global issues related to the availability, 

production, and utilization of energy
and sustainable developm

ent. 

M
E:4055 (58:055)

is a required design course offered during the senior year. C
ourse topics 

include design considerations for m
echanical engineering system

s; strength, deform
ation, 

durability of m
echanical elem

ents; safe-life, fail-safe, dam
age-tolerant design; and standards, 

products’liability, and ethics in design. The course requires each student to com
plete a technical 

report on m
odern w

ind turbine system
s. V

arious sections of the report are used to assess outcom
e 

(i), i.e., recognition of the need for and an ability to engage in life-long learning.

T
able 4.25.R

ubric for O
utcom

e (i)

Perform
ance 

Indicator

D
egree of A

chievem
ent

U
nsatisfactory 

(0)
M

arginal 
(1)

Satisfactory 
(2)

Exem
plary 

(3)

1. C
uriosity –

seeking out 
inform

ation

Show
s little or no 

interest in outside 
learning 
resources.

R
equires detailed or 

step-by-step 
instructions to 
com

plete a task.
A

ssum
es that all 

learning takes place 
w

ithin the confines 
of the classroom

.

U
ses a num

ber of 
sources of 
inform

ation.

D
em

onstrates ability 
to learn independently.  
D

em
onstrates 

responsibility for 
creating learning 
opportunities.

2. R
esponsibility –

gathering 
inform

ation

D
oes not use 

m
aterials outside 

of those available 
in the classroom

.

C
ollects adequate 

inform
ation about 

the problem
 but not 

m
uch about related 

problem
s.

C
ollects adequate 

inform
ation 

about the 
problem

 as w
ell 

as related 
problem

s.

D
em

onstrates 
capability to think 
independently. G

oes 
beyond w

hat is 
required in com

pleting 
an assignm

ent and 
brings inform

ation 
from

 a w
ide variety of 

outside sources into 
assignm

ents.

3. Translation –
applying 
previously learned 
inform

ation

D
oes not use

or 
recall m

aterial 
learned in earlier
coursew

ork.

R
ecognizes 

inform
ation as

having been learned 
previously,but has 
difficulty applying 
it to new

 situations.

C
an recognize 

and apply 
previous m

aterial 
to new

 situations.

R
eflects on prior 

learning to gain new
 

insight.  A
pplies the 

full range of prior 
experience to solve 
novel and m

ulti-
faceted problem

s.

4. K
now

ledge 
integration

R
estates 

inform
ation.  

Provides claim
s 

or statem
ents 

w
ithout support 

or evidence.

H
as som

e trouble 
using m

aterials and 
concepts that are in 
a different form

at 
from

 that taught in 
class.

C
areful analysis; 

good supporting 
evidence for 
conclusions.

Is able to understand, 
interpret, and apply 
learned m

aterials and 
concepts in a form

at 
different from

 that 
taught in class (e.g., 
different
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nom
enclature, 

understand equations 
from

 different 
textbooks).

A
ssessm

ent Instrum
ents:

Table 4.26
describes the assessm

ent instrum
ents pertaining to each 

perform
ance indicator defined in the rubric of outcom

e (i). 

T
able 4.26.A

ssessm
ent Instrum

ents for O
utcom

e (i)

Perform
ance 

Indicator
A

ssessm
ent Instrum

ent
M

E:4048
Energy System

s D
esign

M
E:4055

M
echanical System

s D
esign

1. C
uriosity –

seeking out 
inform

ation

Sum
m

arizing TED
 talks (by A

m
ory 

Lovins and D
avid M

acK
ay) on solving 

the w
orld's energy problem

s.

Introduction section of the report on M
odern 

W
ind Turbine System

s. Students are 
required to describe energy-related 
challenges faced by m

odern society;explain 
how

 these challenges can im
pact their w

ork 
as m

echanical engineers; describe technical 
challenges related to production of w

ind 
energy.

2. R
esponsibility –

gathering 
inform

ation

Pow
erPoint presentation on energy 

options for various countries in the 
w

orld. Students are expected to collect 
data from

 various sources, appropriately 
credit sources and collate inform

ation to 
present a coherent case for each country.

Problem
 D

escription section of the report on 
M

odern W
ind Turbine System

s. Students 
are required to choose a m

echanical 
com

ponent of the w
ind turbine system

 (e.g.,
gears, shaft, rotors, blades,and tow

ers); 
describe loading conditions and perform

ance 
requirem

ents related to the chosen 
com

ponent; describe m
aterials and 

m
anufacturing processes used to produce the 

com
ponent.

3. Translation –
applying 
previously learned 
inform

ation

Final Project on
designing

hom
e energy 

solutions to achieve LEED
*

certification 
for a hom

e in various parts of the U
.S.

Standards for D
esign and O

peration section 
of the report. Students are required to 
describe standards, codes, and safety issues 
applicable to the chosen m

echanical 
com

ponent.

4. K
now

ledge 
integration

Final 
project 

on 
designing 

energy 
efficient 

hom
es 

for 
U

.S.
cities 

and 
evaluating their environm

ental im
pacts.

N
ew

 D
esigns section of the report. Students 

are expected to describe new
 designs that 

could potentially overcom
e existing 

technical challenges related to the design of 
the chosen com

ponent or related system
.

*LEED
:Leadership in Energy and Environm

ental D
esign.

(2) Frequency of A
ssessm

ent  

O
utcom

e (i) is assessed once per year (fall sem
ester). 

(3) E
xpected L

evel of A
ttainm

ent  
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The M
E Program

 faculty consider that outcom
e (i) is attained if the follow

ing tw
o dim

ensions of 
the perform

ance m
easure are m

etfor each perform
ance indicator: (1)  the average num

erical 

to tw
o indicates satisfactory perform

ance.  The threshold value of 84%
 is calculated based on the 

probability, 
[

1]
0.84

P
Z

,w
here Z

follow
s the standard norm

al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.27
presents the assessm

ent results for outcom
e (i) in term

s of both the average scores 
and percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n 

for each perform
ance indicator, as described in

Table 4.25, and the outcom
e is assessed

for each 
sem

ester.  The num
erical results indicate the follow

ing:

(i)
The average scores for all four perform

ance indicators, obtained from
 2010 to 2013,

are greater than 2. Thus, the first dim
ension of the perform

ance m
easure w

as m
et.

(ii)
H

ow
ever, the percentage

the perform
ance indicator,

“Responsibility,”
in M

E:4055 (58:055)for the fall sem
ester of 2012 w

asless than the 
target value of 84%

.
Thus, corrective actions w

ere taken, and the results of the 
assessm

ent conducted in the fall sem
ester of 2013 show

ed
that all four perform

ance 
indicators w

ere fully achieved.

C
ontinuous im

provem
ents and action plans are described in Section

4.B
.1.9.

T
able 4.27.A

ssessm
ent R

esults for O
utcom

e (i)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicator

C
uriosity

R
esponsibility

K
now

ledge 
Translation

K
now

ledge 
Integration

A
verage

(a)
A

verage scores
Fall 2010

M
E:4048

2.94
2.55

2.64
2.65

2.69
Fall 2011

M
E:4048

2.48
2.68

2.61
2.71

2.62
Fall 2012

M
E:4048

2.86
2.7

2.79
2.79

2.79
Fall 2012

M
E:4055

2.4
2.3

2.4
2.4

2.38
Fall 2013

M
E:4048

2.82
2.67

2.74
2.46

2.68
Fall 2013

M
E:4055

2.95
2.89

2.77
2.84

2.86
(b)

Percentages of scores exceeding 2
Fall 2010

M
E:4048

92.5
100.0

100.0
100.0

98.1
Fall 2011

M
E:4048

84.1
100.0

100.0
100.0

96.0
Fall 2012

M
E:4048

100.0
100.0

100.0
100.0

100.0
Fall 2012

M
E:4055

85.5
79.5

84.3
85.5

85.5
Fall 2013

M
E:4048

100.0
100.0

100.0
89

97.5
Fall 2013

M
E:4055

98.5
98.5

98.5
98.5

98.5

4.A.10 O
utcom

e (j): a know
ledge of contem

porary issues 

(1) A
ssessm

ent Process  
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R
ubric used for A

ssessm
ent:

Table 4.28
presents the rubric used for assessing outcom

e (j). 
C

ontem
porary issues are defined as topics that challenge m

odern society and occupy the 
attention of citizens w

ho are w
ell inform

ed about their nation and the w
orld. Students should be 

“aw
are” of the large role that contem

porary issues have in the engineering profession. Students 
should be especially cognizant of the relationships and interactions that occur betw

een 
technological, social, econom

ic, and political factors that can resolve or exacerbate the problem
s 

facing society. Students should also be able to use their know
ledge of contem

porary issues in 
solving engineering problem

s. Thus, the rubric utilizes three perform
ance indicators that 

exam
ine students’

(1) interest and aw
areness of contem

porary topics; (2) know
ledge of 

contem
porary topics; and (3) ability to use their know

ledge of contem
porary issues in solving 

engineering problem
s. Four degrees of achievem

ent
are specified,

i.e., unsatisfactory (0), 
m

arginal (1), satisfactory (2), and exem
plary (3), w

ith the num
bers in parentheses representing 

the num
erical scores. 

C
ourse used for A

ssessm
ent:In the fall sem

ester of 2010 and the spring sem
ester of 2011,this 

outcom
e w

as assessed
by M

E:0099 (58:091),‘M
E Professional Sem

inar,’(no
credit hours). In 

the spring sem
ester of 2011, the M

E faculty suggested that the course used to assess this outcom
e 

be changed to M
E:4048 (58:048),‘Energy System

s D
esign,’ (four credit hours).Further, in

the 
fall sem

ester of 2012, the M
E faculty suggested that M

E:4055 (58:055),‘M
echanical System

s 
D

esign,’ (four credit hours)also be included in the assessm
ent of this outcom

e. Thus, beginning 
in the fall of 2012, both courses, totaling eight credit hours, are used together to assess this 
outcom

e.

M
E:4048 (58:048), ‘Energy System

s D
esign,’is a required design course that is offered during 

the senior year. The goal of this course is to integrate engineering and science coursew
ork as it 

relates to therm
al system

s and energy-related engineering problem
s,

w
hile concurrently 

developing w
ritten com

m
unication, oral com

m
unication, and m

ulti-disciplinary team
w

ork skills. 
This integration is accom

plished by having the students w
ork on open-ended design problem

s 
throughout the course. The students also learn about and conduct research related to 
contem

porary global issues connected w
ith the production and utilization of energy

and 
sustainable developm

ent.

M
E:4055 (58:055),‘M

echanical System
s D

esign,’is a required,four-credit course offered during 
the senior year. Topics addressed in the course include design considerations for m

echanical 
engineering system

s; strength, deform
ation, durability of m

echanical elem
ents; safe-life, fail-

safe, dam
age-tolerant design; and standards, products’liability, and ethics in design.

T
able 4.28.R

ubric for O
utcom

e (j)

Perform
ance 

Indicator

D
egree of A

chievem
ent

U
nsatisfactory 

(0)
M

arginal            
(1)

Satisfactory          
(2)

Exem
plary            

(3)
1. Interest

N
o aw

areness of 
any 
contem

porary 
issues; show

s no 
interest and 

A
w

areness of  at 
least one 
contem

porary issue; 
show

s occasional 
interest 

A
w

areness of  at least 
tw

o contem
porary 

issues; show
s interest 

m
ost of the tim

e

A
w

areness of  m
ore

than tw
o contem

porary 
issues; is enthusiastic 
about the issues and 
alw

ays asks questions

55

never asks 
questions

2. K
now

ledge
C

annot 
describe/explain 
any 
contem

porary 
issues 

Fam
iliarity w

ith  
(describes/explains) 
selected 
contem

porary issues, 
but rarely seeks out 
new

 know
ledge

about the issues

Fam
iliarity w

ith 
(describes/explains) 
m

ost contem
porary 

issues; takes active 
role in increasing 
know

ledge about the 
issues

G
reat fam

iliarity w
ith 

(describes/explains) 
contem

porary issues of 
all kinds; takes full 
advantage of available 
resources to increase 
know

ledge about the 
issues 

3. U
se

C
annot 

dem
onstrate any 

connection 
betw

een 
contem

porary 
issues and 
engineering 
problem

 solving 

Som
e use of 

know
ledge of 

contem
porary issues 

in solving 
engineering 
problem

s

C
onsistent use of 

know
ledge of 

contem
porary issues 

in solving 
engineering 
problem

s; establishes 
connection w

ith 
m

aterial learned in 
other courses

C
om

prehensive use of 
know

ledge of 
contem

porary issues in 
solving engineering 
problem

s; offers 
alternative (or 
opposing) view

s; can 
fully relate 
contem

porary issues to 
m

aterial learned in 
courses

A
ssessm

ent Instrum
ents:Table 4.29

describes the currentassessm
ent instrum

ents pertaining to 
each perform

ance indicator defined in the rubric of outcom
e (j).The old assessm

ent instrum
ents

w
ere

based on an essay on contem
porary issues

in
M

E:0099 (58:091),
‘M

E Professional 
Sem

inar.’In particular, the students w
ere asked to answ

er the follow
ing questionsin the essay:

(1) N
am

e at least tw
o contem

porary issues addressed in a sem
inar or elsew

here.
(2) D

escribe these contem
porary issues.

(3) Explain how
 these contem

porary issues can im
pact your w

ork as an engineer.

T
able 4.29.A

ssessm
ent Instrum

ents for O
utcom

e (j)

Perform
ance 

Indicator
A

ssessm
ent Instrum

ent
M

E:4048,‘Energy System
s D

esign’
M

E:4055,‘M
echanical System

s D
esign’

1. Interest

Introduction section of the report on M
odern 

W
ind Turbine System

s. Students are 
required to describe energy-related 
challenges that m

odern society faces; 
explain how

 these challenges can im
pact 

their w
ork as m

echanical engineers; describe 
technical challenges related to the 
production of w

ind energy.

2. K
now

ledge

Introduction section and D
esign C

hallenges 
section of the report on M

odern W
ind 

Turbine System
s. In the D

esign Section of 
the report, students are expected to describe 
existing technical challenges related to the 
design of the chosen com

ponent or related 
system

 and how
 it im

pacts the perform
ance 

of the w
ind turbine system

s.

3. U
se

Students use their know
ledge ofenergy 

needs and im
pacts in evaluating 

renew
able energy options for designing a 

Introduction section and N
ew

 D
esigns 

section of the report on M
odern W

ind 
Turbine System

s. In the N
ew

 D
esigns 
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LEED
-certified hom

e in various parts of 
the U

nited States. The report is used as 
the assessm

ent instrum
ent.

section of the report, students are expected 
to describe new

 designs that could 
potentially overcom

e existing technical 
challenges.

(2) Frequency of A
ssessm

ent  

O
utcom

e (j) is assessed once per year. 

(3) E
xpected L

evel of A
ttainm

ent

The M
E Program

 faculty consider that outcom
e (j) is attained if the follow

ing tw
o dim

ensions 
of the perform

ance m
easure are m

etfor each perform
ance indicator: (1) the average num

erical 
stude

A
 num

erical score equal 
to tw

o indicates satisfactory perform
ance. The threshold value of 84%

 is calculated based on the 
probability, 

[
1]

0.84
P

Z
,w

here Z
follow

s the standard norm
al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.30
presents the assessm

ent results for outcom
e (j) in term

s of both the average scores 
and percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n 

for each perform
ance indicator, as described in

Table 4.28, and the outcom
e is assessed

for each 
sem

ester.The num
erical results indicate the follow

ing:

(i)
In the fall sem

ester of 2010 and the spring sem
ester of 2011,

this outcom
e w

as 
assessed by M

E:0099 (58:091);the
assessm

ent results w
ere im

proved, resulting in 
both dim

ensions of the perform
ance m

easure being m
et in the spring sem

ester of 
2011.

(ii)
In fall sem

esters of 2011 and 2012, M
E:4048 (58:048)w

as only used to assess the 
perform

ance indicator “U
se”.Therefore, corrective actions w

ere taken
in the fall

2013 sem
ester.

(iii)
In the fallsem

ester of
2012,the results from

 M
E:4055 (58:055)

show
ed

that both 
dim

ensions 
of 

the 
perform

ance 
m

easure 
w

ere 
essentially 

m
et

for 
the 

three 
perform

ance indicators. H
ow

ever, the percentage score for the second indicator,
“K

now
ledge,”

w
as slightly less than the target value of 84%

.Thus, corrective actions 
w

ere taken in the fall sem
ester of 2013.

(iv)
The assessm

ent resultsin
the fall sem

ester of 2013 show
ed

that the three perform
ance 

indicatorsw
ere fully achieved.

C
ontinuous im

provem
ents and action plans are described in Section

4.B
.1.10.
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T
able 4.30.A

ssessm
ent R

esults for O
utcom

e (j)

4.A.11 O
utcom

e (k): an ability to use the techniques, skills, and m
odern engineering 

tools necessary for engineering practice 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.31
presents the rubric used for assessing outcom

e (k). This 
rubric w

asdesigned to assess the ability of a student to use m
odern engineering tools. The rubric 

utilizes three perform
ance indicators that exam

ine students’ abilities to (1) use of C
A

D
 softw

are; 
(2) use engineering packages; and (3) use laboratory equipm

ent.  Four degrees of achievem
ent

are specified,i.e., unsatisfactory (0), m
arginal (1), satisfactory (2), and exem

plary (3)for w
hich 

the parenthetical values represent the associated num
erical scores.

C
ourse used for A

ssessm
ent:M

E:3052 (58:052),‘M
echanical System

s,’(fourcredit hours)and
M

E:4080 (58:080),‘Experim
ental Engineering,’(three

credit hours).

M
E:3052 (58:052),‘M

echanical System
s,’is a required course taken by juniors in M

echanical 
Engineering.The goal of this course is to provide students w

ith the opportunity to develop an 
understanding of the basic procedures used in the analysis and design of m

echanical system
s. 

The course contains laboratory w
ork using advance engineering design and analysis packages. 

M
E:4080 (58:080),‘Experim

ental Engineering,’is a required course for seniors in M
echanical 

Engineering.
The course uses m

odern instrum
entation and data acquisition tools along w

ith 
significant data processing and reporting. These courses are w

ell suited to assess the ability of 
students to use m

odern engineering tools.

Sem
ester

C
ourse 

N
um

ber
Perform

ance Indicator
Interest

K
now

ledge
U

se
A

verage
(a) A

verage scores
Fall 2010

M
E:0099

2.02
2.08

1.87
2.00

Spring 2011
M

E:0099
2.10

2.10
2.00

2.10
Fall 2011

M
E:4048

N
A

N
A

2.68
2.68

Fall 2012
M

E:4048
N

A
N

A
2.75

2.75
Fall 2012

M
E:4055

2.60
2.30

2.30
2.40

Fall 2013
M

E:4048
N

A
N

A
2.74

2.74
Fall 2013

M
E:4055

2.95
2.94

2.87
2.92

(b) Percentages of scores exceeding 2
Fall 2010

M
E:0099

97.7
89.7

79.3
75.9

Spring 2011
M

E:0099
100.0

98.0
89.8

89.8
Fall 2011

M
E:4048

N
A

N
A

100.0
100.0

Fall 2012
M

E:4048
N

A
N

A
100.0

100.0
Fall 2012

M
E:4055

92.8
81.9

96.4
90.4

Fall 2013
M

E:4048
N

A
N

A
100.0

100.0
Fall 2013

M
E:4055

98.5
98.5

98.5
98.5
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T
able 4.31.R

ubric for O
utcom

e (k)

Perform
ance 

Indicator

D
egree of A

chievem
ent

U
nsatisfactory 

(0)
M

arginal          
(1)

Satisfactory           
(2)

Exem
plary

         
(3)

1. U
se of  

C
A

D
softw

are 

N
ot know

ledgeable 
about C

A
D

 
softw

are
program

s;
seldom

 uses them
 

in design.

K
now

s about C
A

D
 

softw
are

program
s; uses 

them
 occasionally.

K
now

ledgeable about 
C

A
D

 softw
are

program
s; uses them

 
effectively in design.

V
ery know

ledgeable 
about C

A
D

 softw
are

program
s; uses them

 
very effectively in 
design; proficient at 
navigating them

 to 
achieve goals.

2. U
se of 

analysis 
packages 

N
ot know

ledgeable 
about analysis 
packages; seldom

 
uses them

 in 
problem

 solving 
and design.

K
now

s about 
engineering 
analysis packages; 
uses them

 
occasionally.

K
now

ledgeable about 
engineering analysis 
packages; uses them

 
effectively in problem

 
solving and design.

V
ery know

ledgeable 
about engineering 
analysis packages; uses 
them

 very effectively 
in

problem
 solving and 

design; proficient at 
navigating them

 to 
achieve goals.

3. U
se of 

hardw
are 

and 
laboratory 
equipm

ent

V
ery lim

ited 
know

ledge about 
laboratory 
equipm

ent; no 
attem

pts m
ade to 

learn.

H
as general idea 

of hardw
are and 

equipm
ent, but the 

selection is 
ineffective; uses 
them

 but needs 
significant 
assistance.

K
now

ledgeable about 
laboratory

equipm
ent 

and hardw
are; selects 

appropriate pieces; 
know

s their use for 
laboratory

tests, 
design,or research.

Sam
e as (2)plus know

s 
hardw

are lim
itations 

and their efficient use; 
uses them

 very 
effectively.

A
ssessm

ent Instrum
ents:

Table 4.32
describes the assessm

ent instrum
ents pertaining to each 

perform
ance indicator defined in the rubric of outcom

e (k).

T
able 4.32.A

ssessm
ent Instrum

ents for O
utcom

e (k)

Perform
ance 

Indicator
A

ssessm
ent Instrum

ent
M

E:3052,‘M
echanical System

s’
M

E:4080,‘Experim
ental Engineering’

1. U
se of  C

A
D

 
softw

are 
Individual laboratory

reports: Students 
are required to generate C

A
D

 m
odels 

using com
m

ercial,solid m
odeling 

softw
are, and docum

ent their procedures.
2. U

se of analysis 
packages 

Individual laboratory
reports: Students

are required to conduct m
echanical 

analyses using a com
m

ercial finite 
elem

ent package. Students m
ust select 

the appropriate elem
ent(s), generate 

finite elem
ent m

eshes, perform
 analyses, 

and dem
onstrate an ability to evaluate 

the results.
3. U

se of 
hardw

are and 
laboratory 
equipm

ent

Log B
ooks in Labs and in Final Project 

R
eport. These experim

ental projects require 
the students to use instrum

entation to 
com

plete a fairly com
plex experim

ent and to 
design and conduct an experim

ent.
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(2) Frequency of A
ssessm

ent  

O
utcom

e (k) is assessed once per year based on M
E:3052 (58:052)(spring sem

ester) and tw
ice 

per year based on
M

E:4080 (58:080)(fall and spring sem
esters).

(3) E
xpected L

evel of A
ttainm

ent  

The M
E Program

 faculty consider that outcom
e (k) is attained if the follow

ing tw
o dim

ensions 
of the perform

ance m
easure are m

etfor each perform
ance indicator: (1) the average num

erical 
A

 num
erical score equal 

to tw
o indicates satisfactory perform

ance. The threshold value of 84%
 is calculated based on the 

probability, 
[

1]
0.84

P
Z

,w
here Z

follow
s the standard norm

al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.33
presents the assessm

ent results for outcom
e (k) in term

s of both the average scores 
and percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n 

for each perform
ance indicator, as described in

Table 4.31, and for each sem
ester the outcom

e 
is assessed.  The num

erical results indicate
the follow

ing:

(i)
B

oth dim
ensions of the perform

ance m
easure w

ere m
et for all three perform

ance 
indicators in then spring and fall sem

esters of 2011, 2012, and 2013 and in the spring 
sem

ester of 2014. Therefore, outcom
e (k) w

as fully achieved.  

C
ontinuous im

provem
ents and action plans are described in Section

4.B
.1.11.

T
able 4.33.A

ssessm
ent R

esults for O
utcom

e (k)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicator

U
se of  C

A
D

 
softw

are
U

se of analysis 
packages

U
se of hardw

are 
and laboratory 

equipm
ent

A
verage

(a) A
verage scores

Spring 2011
M

E:3052
2.0

2.0
2.3

Spring 2011
M

E:4080
2.3

Fall 2011
M

E:4080
3

3
Spring 2012

M
E:3052

2.5
2.6 

2.5 
Spring 2012

M
E:4080

2.4
Fall 2012

M
E:4080

2.4
2.4

Spring 2013
M

E:3052
2.7

2.8
2.7

Spring 2013
M

E:4080
2.7

Fall 2013
M

E:4080
2.6

2.6
Spring 2014

M
E:3052

2.8
2.9

2.8
Spring 2014

M
E:4080

2.9
2.9

(b) Percentages of scores exceeding 2
Spring 2011

M
E:3052

93.8
98.5

92.3
Spring 2011

M
E:4080

96.7 
96.7

Fall 2011
M

E:4080
100.0 

100.0 
Spring 2012

M
E:3052

91.4 
92.6 

96.9
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Spring 2012
M

E:4080
89.6

89.6
Fall 2012

M
E:4080

100.0
100.0

Spring 2013
M

E:3052
100.0

100.0
100.0

Spring 2013
M

E:4080
95.5

95.5
Fall 2013

M
E:4080

93.3
93.3

Spring 2014
M

E:3052
98.5

98.5
98.5

Spring 2014
M

E:4080
100.0

100.0

4.A.12 O
utcom

e (l): an ability to w
ork professionally in either therm

al or fluid 
system

s engineering, including the design and realization of such system
s 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.34
presents the rubric used for assessing outcom

e (l). This 
rubric is designed to assess the ability of a student to w

ork professionally in therm
al and fluid 

system
s engineering, including the design and realization of such system

s. The rubric utilizes 
three perform

ance indicators that exam
ine students’ abilities to (1) identify technical issues 

involved in designing a therm
al and fluid system

; (2) identify and account for resource issues 
and constraints that im

pact on design; and (3) dem
onstrate design skills and design innovation,

in particular the ability to design large-scale therm
al and fluid system

s. Four degrees of 
achievem

entare specified, i.e., unsatisfactory (0), m
arginal (1), satisfactory (2), and exem

plary 
(3), w

ith the parenthetical values representing
the associated num

erical scores.

C
ourse used for A

ssessm
ent:M

E:4048 (58:048),‘Energy System
s D

esign’(fourcredit hours).

M
E:4048 (58:048)is a required design course offered during the senior year. The goal of this 

course is to integrate engineering and science coursew
ork as it relates to therm

o-fluid-related 
engineering 

problem
s,

w
hile 

concurrently 
developing 

w
ritten 

com
m

unication, 
oral 

com
m

unication, and m
ulti-disciplinary team

w
ork skills. This integration is accom

plished by 
having the students w

ork on open-ended design problem
s.

T
able 4.34.R

ubric for O
utcom

e (l)

Perform
ance 

Indicator

D
egree of A

chievem
ent

U
nsatisfactory 

(0)
M

arginal           
(1)

Satisfactory 
(2)

Exem
plary 

(3)
1. Identify issues 
involved in 
designing a therm

al 
and fluid system

C
ouldn’t identify 

key design issues; 
lack of judgm

ent. 

Identifies som
e 

design issues but 
has not prioritized 
them

; judgm
ent not 

adequate.

H
as identified 

m
ost of the design 

issues and 
prioritized them

; 
judgm

ent on 
priorities seem

s 
O

K
.

H
as com

pletely
identified key design 
issues and 
prioritized them

; has
ranked them

 based 
on their im

portance.

2. Identify and 
account for 
resource issues and 
constraints that 
im

pact on design

U
naw

are of 
m

aterial or design 
constraints; no 
resources 
identified

H
as som

e 
understanding of 
constraints and has 
addressed resources

W
ell-docum

ented 
constraints; has 
addressed 
resources needed 
to com

plete design 
or system

H
as developed 

alternate plans for 
resources; has 
alternate m

ethods of 
m

eeting design 
constraints
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3. D
em

onstrate 
design skills and 
design innovation,
in particular the 
ability to design 
large-scale therm

al 
and fluid system

s

Progress is alm
ost 

non-existent; no 
skills show

n and 
concept of 
innovation is non-
existent.

Progress is 
adequate and show

s 
design skills; 
hardly any design 
innovation; lim

ited 
variations.

G
ood progress 

w
ith good design 

skills; lim
ited 

design innovation; 
alternatives 
considered

Progress according 
to schedule; good 
design skills; design 
has m

any 
innovations and 
alternatives.

A
ssessm

entInstrum
ents:

Table 4.35
describes the assessm

ent instrum
ents pertaining to each 

perform
ance indicator defined in the rubric of outcom

e (l).

T
able 4.35.A

ssessm
ent Instrum

ents for O
utcom

e (l)

Perform
ance Indicator

A
ssessm

ent Instrum
ent

1. Identify issues 
involved in designing a 
therm

al and fluid system

A
 hom

ew
ork problem

 on an energy system
 choice w

ill be used to assess this 
indicator. Students w

ill be required to state the technical issues involved in the 
design and im

plem
entation of a specific,practically-relevant system

.See sam
ple 

student w
ork on H

W
2_Sam

ple1 (Problem
 1 on the evaluation of energy-efficient 

w
indow

s).

2. Identify and account 
for resource issues and 
constraints that im

pact 
on design

H
om

ew
ork to assess the feasibility of an energy-efficient lighting system

 to 
replace a conventional system

. See sam
ple student w

ork on H
W

2 (Problem
 2 on 

energy efficient lighting evaluation).

3. D
em

onstrate design 
skills and design 
innovation; in particular,
the ability to design 
large-scale therm

al and 
fluid system

s

Take-hom
e,open-ended design problem

. The student w
ill dem

onstrate the 
ability to set up and solve the relevant equations to design a therm

al and fluid 
system

 w
ith m

any interacting com
ponents. The case of a w

aste heat recovery 
system

 for a dishw
asher w

as analyzed.  See sam
ple student w

ork on H
W

3 
(Problem

 2 on heat recovery dishw
ashing system

 design).

(2) Frequency of A
ssessm

ent  

O
utcom

e (l) isassessed once per year. 

(3) E
xpected L

evel of A
ttainm

ent  

The M
E Program

 faculty consider that the outcom
e (l) is attained if the follow

ing tw
o dim

ensions 
of the perform

ance m
easure are m

etfor each perform
ance

indicator: (1) the average num
erical 

A
 num

erical score equal 
to tw

o indicates satisfactory perform
ance. The threshold value of 84%

 is calculated based on the 
probability, 

[
1]

0.84
P

Z
,w

here Z
follow

s the standard norm
al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.36
presents the assessm

ent results for outcom
e (l) in term

s of both the average scores 
and percentages of students w

ith scores equal to or greater than 2.  The results are broken dow
n 

for each perform
ance indicator, as described in

Table 4.34, and the outcom
e is assessed

for each 
sem

ester.
The num

erical results indicate the follow
ing:
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(i)
B

oth dim
ensions of the perform

ance m
easure w

ere m
et for all three perform

ance 
indicators in the

fall sem
esters of 2010, 2011, 2012, and 2013.Therefore, outcom

e 
(l) w

as fully achieved.

C
ontinuous im

provem
ents and action plans are described in Section

4.B
.1.12.

T
able 4.36.A

ssessm
ent R

esults for O
utcom

e (l)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicator

Identify issues 
involved in 
designing a 
therm

al and 
fluid system

Identify and account 
for resource issues 
and constraints that 
im

pact on the design

D
em

onstrate design 
skills and design 
innovation; in 
particular facility to 
perform

 design of a
large-scale therm

al 
and fluid system

A
verage

(a)
A

verage scores
Fall 2010

M
E:4048

2.66
2.71

2.78
2.72

Fall 2011
M

E:4048
2.19

2.86
2.80

2.61
Fall 2012

M
E:4048

2.91
2.80

2.95
2.89

Fall 2013
M

E:4048
2.46

2.78
2.55

2.6
(b)

Percentages of scores exceeding 2
Fall 2010

M
E:4048

100
95.5

100
98.5

Fall 2011
M

E:4048
80.7

100
100

93.6
Fall 2012

M
E:4048

100
100

100
100

Fall 2013
M

E:4048
89.1

100
93.9

94.3

4.A.13 O
utcom

e (m
): an ability to w

ork professionally in m
echanical system

s 
engineering, including the design and realization of such system

s 

(1) A
ssessm

ent Process  

R
ubric used for A

ssessm
ent:

Table 4.37
presents the rubric used for assessing outcom

e (m
).  

The rubric utilizes three perform
ance indicators that exam

ine students’ abilities to (1) understand 
considerations in the design of m

echanical system
s; (2) apply design criteria for durability; and 

(3) design or analyze m
echanical system

s/com
ponents.  Four degrees of achievem

ent
are 

specified,i.e., unsatisfactory (0), m
arginal (1), satisfactory (2), and exem

plary (3).

C
ourse used for A

ssessm
ent:

M
E:4055 (58:055),

‘M
echanical System

s D
esign’

(four
credit 

hours).

M
E:4055 (58:055)is a required,four-credit course offered during the senior year. C

ourse topics 
include design considerations for m

echanical engineering system
s; strength, deform

ation, 
durability of m

echanical elem
ents; safe-life, fail-safe, dam

age-tolerant design; standards, 
products’

liability, and ethics in design. The course requires each student to com
plete w

ritten 
assignm

ents on product liability, standards, and m
odern w

ind
energy system

s. These w
ritten 
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assignm
ents and problem

s on the final exam
are used to assess students’ abilities

to w
ork 

professionally in m
echanical system

s areas,including the design and realization of such designs.

T
able 4.37.R

ubric for O
utcom

e (m
)

Perform
ance 

Indicator

D
egree of A

chievem
ent

U
nsatisfactory

(0)
M

arginal
(1)

Satisfactory
(2)

Exem
plary

(3)
1. U

nderstanding of 
considerations in 
the design of 
m

echanical system
s 

N
o understanding

of the m
any 

considerations in 
the design of 
m

echanical 
system

s

H
as som

e 
understanding of 
the  design 
considerationsin 
m

echanical 
system

s

R
ecognizes  and 

understands  the 
m

any design 
considerations  in 
m

echanical 
system

s

V
ery know

ledgeable 
about the design
considerations in  
m

echanical system
s

2. A
bility to apply 

design criteria for 
durability

N
o ability to 

achieve proper 
durability

H
as som

e 
understanding of 
applying design 
criteria to achieve 
proper durability

R
ecognizes and 

understands the 
application of
design criteria to 
achieve proper 
durability 

V
ery know

ledgeable 
about recognizing 
and understanding 
application of design 
criteria to achieve 
proper durability

3. A
bility to design 

or analyze 
m

echanical system
s

and com
ponents

D
oes not 

understand the 
design of 
m

echanical 
system

sand 
com

ponents

H
as som

e ability to 
design m

echanical 
system

sand 
com

ponents

R
ecognizes and 

understands the 
design of 
m

echanical 
system

sand 
com

ponents

C
om

plete 
recognition and 
understanding of the 
design of 
m

echanical system
s

and com
ponents

A
ssessm

ent Instrum
ents:Table 4.38

describes the assessm
ent instrum

ents that pertain to each 
perform

ance indicator defined in the rubric of outcom
e (m

).

T
able 4.38.A

ssessm
ent Instrum

ents for O
utcom

e (m
)

Perform
ance 

Indicator
A

ssessm
ent Instrum

ents

Final Exam
Problem

 5
Product 
liability 
w

ritten 
assignm

ent 

Standards 
w

ritten 
assignm

ent 

R
eport on 

m
odern w

ind 
turbine system

s 

Final Exam
 

Problem
 6

1. U
nderstanding 

of considerations in 
the design of 
m

echanical system
s

X
X

X

2. A
bility to apply 

design criteria for 
durability

X

3. A
bility to design 

or analyze 
m

echanical system
s

and
com

ponents

X
X

X
X
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(2) Frequency of A
ssessm

ent  

O
utcom

e (m
) isassessed once per year. 

(3) E
xpected L

evel of A
ttainm

ent  

The M
E Program

 faculty consider that outcom
e (m

) is attained if the follow
ing tw

o dim
ensions 

of the perform
ance m

easure are m
etfor each perform

ance indicator: (1) the average num
erical 

stude
A

 num
erical score equal 

to tw
o indicates satisfactory perform

ance. The threshold value of 84%
 is calculated based on the 

probability, 
[

1]
0.84

P
Z

,w
here Z

follow
s the standard norm

al distribution.

(4) Sum
m

ary of E
valuation R

esults and E
xtent of O

utcom
e A

ttainm
ent

Table 4.39
presents the assessm

ent results for outcom
e (m

) in term
s of both the average scores 

and percentages of students w
ith scores equal to or greater than 2.  The results are broken dow

n 
for each perform

ance indicator, as described in
Table 4.37, and the outcom

e is assessed
for each 

sem
ester.

The num
erical results indicate the follow

ing:

(i)
B

oth dim
ensions of the perform

ance m
easure w

ere essentially
m

et for the first tw
o 

perform
ance indicators, i.e., “understanding of considerations in the design of 

m
echanical system

s”
and “ability to apply design criteria for durability,”

in the fall 
sem

esters of 2010, 2011, 2012, and 2013.

(ii)
perform

ance indicator, “ability to design or analyze m
echanical system

s
and

com
ponents,”

have been im
proving over the years. The average scores in the fall 

sem
esters of 2011,2012,and 2013 m

et the target score, w
hereas the percentage score 

for the third indicator in the fall sem
ester of 2012

w
as still slightly less than the target 

value of 84. Therefore, corrective actions w
ere taken

for the third indicatorin the fall 
sem

ester of 2013. The data collected in the fall sem
ester of 2013 show

ed great 
im

provem
ent, m

eeting the target score.

C
ontinuous im

provem
ents and action plans are described in Section

4.B
.1.13.

T
able 4.39.A

ssessm
ent R

esults for O
utcom

e (m
)

Sem
ester

C
ourse

N
um

ber

Perform
ance Indicator

U
nderstanding of 

considerations in the 
design of 

m
echanical system

s

A
bility to apply 

design criteria for 
durability

A
bility to design 

or analyze 
m

echanical 
system

sand 
com

ponents

A
verage

(a)
A

verage scores
Fall 2010

M
E:4055

2.9
2.0

1.9
2.3

Fall 2011
M

E:4055
2.90

2.47
2.10

2.49
Fall 2012

M
E:4055

2.7
2.5

2.3
2.5
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Fall 2013
M

E:4055:001
2.9

2.3
2.7

2.6
Fall 2013

M
E:4055:002

2.97
2.54

2.97
2.82

(b)
Percentages of scores exceeding 2

Fall 2010
M

E:4055
100

73.6
68.1

79.2
Fall 2011

M
E:4055

100 
91.4 

76 
89.2 

Fall 2012
M

E:4055
96.4 

86.7 
81.9 

91.6 
Fall 2013

M
E:4055:001

100 
94 

99 
99 

Fall 2013
M

E:4055:002
100 

100 
100 

100 
4.B Continuous Im

provem
ent 

4.B.1 Actions R
esulting from

 the Assessm
ent of Student O

utcom
es 

4.B.1.1 O
utcom

e (a): an ability to apply know
ledge of m

athem
atics, science, and 

engineering 

A
ssessm

ent results

Spring 2011:The first perform
ance indicator, “Application of fundam

ental principles of science 
and engineering,”

w
as slightly below

 the target threshold
of 84%

, w
ith 79.4%

 of students 
achieving satisfactory or better, and the second perform

ance indicator, “U
se of engineering and 

m
athem

atical m
odels to solve open-ended problem

s,”
w

as m
et (84%

).  The third perform
ance 

indicator, “Application of advanced m
athem

atical principles to solve problem
s,” w

as 77.8%
, 

slightly below
 the target threshold of 84%

. 

Spring
2012:The first tw

o perform
ance indicators dem

onstrated satisfactory perform
ance.  The 

third perform
ance indicator, “Application of advanced m

athem
atical principles to solve 

problem
s,”

w
as 45.7%

, significantly below
 the target threshold of 84%

. 

Spring 2013: The first tw
o perform

ance indicators w
ere above the target threshold, and the third 

perform
ance indicator w

as 74.1%
, slightly below

 the target threshold of 84%
. 

Spring 2014:A
ll three perform

ance indicators w
ere above the target threshold.  In particular, a 

significant im
provem

ent w
as observed in the third perform

ance indicator.  

A
ctions taken

Spring 2011,M
E

3045 (58:045),‘H
eat T

ransfer’:Jam
es B

uchholz
In the

evaluation in the spring
of 2011, the students’ abilitiesto apply know

ledge of m
athem

atics 
w

ere assessed on a problem
 in w

hich the students had to m
anipulate and solve the appropriate 

form
 of the heat equation for a given geom

etry and boundary conditions.  The students’
perform

ancesw
ere m

arginally satisfactory.  In discussions during a M
E program

 m
eeting, it w

as 
decided that this problem

 w
as too advanced to be used for assessm

ent in this course.

Spring 2012,M
E

3045 (58:045),‘H
eat T

ransfer”: Jam
es B

uchholz
A

dditional tim
e w

as devoted to the solution of one-dim
ensional boundary value problem

s 
involving the heat equation,i.e.,students apply appropriate boundary conditions to fundam

ental 
solutions of the heat equation.  Inform

al assessm
ent and feedback w

ere provided through in-class 
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quizzes.

Spring 2013,M
E

3045 (58:045),‘H
eat T

ransfer’: Jam
es B

uchholz
Prior to the beginning of the spring sem

ester in 2013, the instructor m
et w

ith the C
ollege of 

Engineering’s
A

ssociate D
ean of A

cadem
ic Program

s, K
eri H

ornbuckle,
and Professor of 

M
athem

atics, C
olleen M

itchell.  The purpose of the m
eeting w

as to discuss differences in 
term

inology and teaching m
ethods used in differential equations and vector calculus courses 

taught by the M
athem

atics
departm

ent. The objective of the discussion w
as to identify w

ays to 
help students m

ake the transition from
 the study of

m
ath

to engineering courses in w
hich the 

m
ath is applied, e.g.,in M

E:3045 (58:045),‘H
eat Transfer,’in particular.  D

uring the discussion 
of the heat equation in M

E:3045 (58:045), the instructor engaged students in an open discussion 
about perceived differences in the courses

and w
eaknesses in their m

athem
atical preparation.  

These issues w
ere addressed in the lecture.  O

ne im
portant issue identified w

asthat m
ost students 

did not realize that m
uch of the m

aterial covered in their differential equations course (m
ethods 

of solution
of differential equations) w

as not relevant to M
E:3045 (58:045),since fundam

ental 
solutions to the relevant form

s of the heat equation w
ere provided.

Spring 2014,M
E

3045 (58:045),‘H
eat T

ransfer’: Jam
es B

uchholz
Prim

ary changes w
ere m

ade in this H
eat Transfercourse,including

a) collection and grading of 
hom

ew
ork assignm

ents from
 alm

ost every lecture w
ith one

problem
 being selected random

ly 
from

 each assignm
ent, b) the m

id-term
 exam

w
as scheduled in the evening,allow

ing 90 m
inutes 

rather than the standard 50-m
inute class period to com

plete the exam
 w

ithout significantly 
lengthening the exam

,
and c) after

the exam
,

the students w
ere given the sam

e exam
 as a 

hom
ew

ork assignm
ent, and they w

ere given approxim
ately 36

hours to com
plete the exam

. The 
results of the original exam

 w
ere used in the evaluation of the first perform

ance indicator.

4.B.1.2 O
utcom

e (b): an ability to design and conduct experim
ents, as w

ell as to 
analyze and interpret data 

A
ssessm

ent results

Spring
2012:

The average achievem
ent for the perform

ance indicators,“D
ata analysis” and 

“Experim
ent design,”

decreased w
ith respect to previous sem

esters.

Fall 2012:
The third and sixth perform

ance indicators, “Experim
ental procedures” and 

“Experim
ent design,” w

ere
below

 the target threshold
of 84%

.

Spring 2013:The average scores for all of the six perform
ance indicators w

ere greater than 2, 
and all of 

w
ere 

greater than the target value of 84%
.

Fall2013:A
ll of the average scores for the six perform

ance indicators w
ere greater than 2, and 

the all of the 
w

ere 
greater than the target value of 84%

.

Spring 2014:Scores w
ere w

ithin expected param
eters, w

ith a slight decrease
in “Experim

ental 
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Procedures.” The target num
ber of 84%

 of students w
ith satisfactory or higher

scores
w

as 
achieved for all perform

ance indicators, as w
ell as averages above 2.

A
ctions taken

Fall 2012,M
E

:4080 (58:080),‘E
xperim

ental E
ngineering’:Pablo

C
arrica 

M
ore em

phasis w
as given to the analysis of results and techniques for experim

ent design. This 
w

as enabled by allow
ing m

ore tim
e to w

ork on reports for the m
ain laboratory

assignm
ents.

Spring 2013,M
E

:4080 (58:080),‘E
xperim

ental E
ngineering’:H

ongtao D
ing

The decrease in perform
ance for the indicators “Experim

ental procedures” and “Experim
ent 

design”in the fall of 2012 w
as attributed to the introduction of the m

ore com
plex data acquisition 

softw
are,LabV

iew
, resulting in m

ore tim
e being spent on teaching LabV

iew
 and its use for the 

different laboratories.The tw
o indicators w

ere im
proved

after corrective actions w
ere undertaken 

in the spring of 2013.

Fall 2013,M
E

:4080 (58:080),‘E
xperim

ental E
ngineering’: H

ongtao D
ing

The students generally have difficulty in understanding the laboratory
m

anuals for D
ynam

ic 
System

 labs,such as lab 2c and lab 2d.  Therefore, the lectures w
ere enhanced significantly for 

dynam
ic response by show

ing m
ore com

puter exam
ples of tim

e and frequency responses.

Spring 2014,M
E

:4080 (58:080),‘E
xperim

ental Engineering’: Pablo C
arrica

The last experim
ent before the final project w

as extended in tim
e to allow

 for m
ore in-depth 

analysis of the results and for preparing the w
ritten report, w

hich is the m
ain docum

ent produced 
in the course.

4.B.1.3 O
utcom

e (c): an ability to design a system
, com

ponent, or process to m
eet 

desired needs w
ithin realistic constraints such as econom

ic, environm
ental, social, 

political, ethical, health and safety, m
anufacturability, and sustainability 

A
ssessm

ent results

Fall 2013:B
oth dim

ensions of the perform
ance m

easure w
ere m

et for all perform
ance indicators

in fall sem
ester of 2010 and in the fall and spring sem

esters of 2012 and 2013. 

Spring 2014:The outcom
e in the spring sem

ester of 2014 w
as found to be satisfactory.  The 

scores rem
ained stable and w

ere w
ell above the 84%

 goal.

A
ctions taken

Spring 2013,M
E

:4086 (58:086),‘M
echanical E

ngineering D
esign Project’

and M
E

:4186 
(58:186),

‘E
nhanced D

esign E
xperience’: A

ndrew
 K

usiak, A
lbert R

atner, and D
aniel 

M
ineck

The faculty revised
the “C

apstone D
esign Individual Experience”

form
to assess students’ 

abilitieson consideration of specific design constraints,such as econom
ic, environm

ental, social, 
political, ethical, health and safety, m

anufacturability, and sustainability
constraints.Students in 

the M
echanical Engineering D

esign
Project (M

ED
P),

the Program
 of Enhanced D

esign 
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Experience (PED
E), and the V

irtual International
D

esign Project (V
ID

P)
are required to

com
plete the form

s and attach them
 as appendices to their final design project.The new

 form
s 

greatly increased the type and depth of inform
ation collected,and they have provided a m

uch-
im

proved know
ledge base w

ith w
hich to assess the students.H

aving specific categories in each 
of the areas enables evaluation of how

 w
ell all of the students understand each of the constraints

as opposed to using a single characterization.  W
hile the students have a good general 

understanding, the instructors intend to delve m
ore closely into the data and to develop additional 

training and inform
ation sessions for the students in areas w

here particular w
eaknesses have been 

identified.

The results obtained from
 the new

 form
 show

 that the greatest deficits w
ere in political 

considerations (~12%
) and sustainability (~40%

).  The actions taken to address this include a 
plan to discuss how

 political considerations
in various

countries lead to drastically different 
products being produced for those specific m

arkets. Then, assessm
ents are m

ade of the effects of 
these different requirem

ents on the designs the students are w
orking on. For sustainability, the 

intent is to include m
aterial that assesses the sustainability of a product based on how

 it
is 

m
anufactured and its projected lifetim

e.A
lso, the instructor w

ill w
ork w

ith the instructor of the 
sem

inar series to identify a professional engineer w
ho can speak to the studentson this topic.A

detailed sum
m

ary of the raw
 data collected from

 these form
s is posted

on the M
E Program

’s
Iow

a C
ourses O

nline (IC
O

N
)site.

Spring 2014,M
E

:4086 (58:086),‘M
echanical E

ngineering D
esign Project’

(M
ED

P) and 
M

E
:4186 (58:186),

‘E
nhanced D

esign E
xperience,’

including (Section 1),
‘Program

 for 
E

nhanced
D

esign E
xperience’

(PE
D

E
),

and (Section 2),
‘V

irtual International Project 
T

eam
s’(V

IPT
): A

ndrew
 K

usiak, A
lbert R

atner, and D
aniel M

ineck: The D
epartm

ent has 
used a num

ber of approaches to address the shortcom
ings identified in the spring sem

ester of 
2013.Topical speakers from

 com
panies, including R

oss W
ilcox from

 R
ockw

ell and others from
 

John D
eere and Florida Pow

er and Light, have m
ade presentations in the design courseon various 

design challenges and constraints. D
epartm

ental sem
inars, including the Professional Sem

inar, 
have increased the num

ber of speakers from
 industry. The m

ost pow
erful tool used in increasing 

student aw
areness of the

broad issues pertinent to design w
as the portfolio of the projects 

(particularly in M
ED

P) offered for selection by the students and the learning experience that 
takes place in the classroom

 during the periodic project update m
eetings. W

e have w
itnessed a 

range of projects that involve the design of product
fam

ilies for overseas m
arkets (e.g., the 

C
om

m
onw

ealth of Independent States), design of a softw
are platform

 for collaboration w
ithin a 

m
ulti-national corporation, and design projects m

aking use of big data for corporations w
ith large 

international presences.In term
s of specifics, the M

ED
P student team

s selected 10
industrial 

projects out of the 22
that w

ere available in the
fall sem

ester of 2013
and another eightin the 

spring sem
ester.  PED

E (six
projects) and V

IPT (one
project)

broken into several parts w
ith 

changing team
s.

It
included significant discussions of international issues and the im

pact of 
governm

ental regulations on design decisions. The students show
ed a good understanding of 

these issuesand the different factors that influence and restrict design choices.

R
ecom

m
endations: The previous changes appear to have been

successful in addressing the 
previously observed w

eaknesses. Future im
provem

ents w
ill include changes

to the w
ording on 

the student’s
self-reporting/survey form

 to m
ake it clear that the students can cite exam

ples of 
relevant experience from

 both their capstone class and from
 other experiences they have had as 
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undergraduates.  

4.B.1.4 O
utcom

e (d): an ability to function on m
ultidisciplinary team

s 

A
ssessm

ent results

Fall 2012:D
ata w

ere not collected in the spring and fall sem
esters of 2011,and the outcom

e w
as 

not assessed.B
ased on the data

collected in fall sem
esters of 2010 and 2012 and the spring 

sem
ester of 2012, both dim

ensions of the perform
ance m

easure w
ere m

ostly m
et for all four 

perform
ance indicators. The only exception w

as for the third perform
ance indicator, contribution 

to team
w

ork or project,in the fall sem
ester of 2012, w

hen the score of 80%
using EN

G
R

:2760 
(57:021)w

as slightly below
 the target value of 84%

.

Fall 2013: The data collected in the fall of 2013
based on EN

G
R

:2760 (57:021)show
ed that the 

third perform
ance indicator, contribution to team

w
ork or project,decreased from

 the score of 
97.9%

in the spring sem
ester of 2013

to 82.6%
in the fall sem

ester of 2013.This w
as explained 

by the very low
 enrollm

ent of M
E students in the fall of 2013.

Spring 2014: The data collected in the spring of 2014
based on EN

G
R

:2760 (57:021) w
hen 96 

M
E students

w
ere enrolled show

ed that the third perform
ance indicator, contribution to 

team
w

ork or project,increased back to 96.9%
.Furtherm

ore, all the data collected in M
E:4086 

(58:086), ‘M
echanical Engineering D

esign Project,’
M

E:4186 (58:186),
‘Enhanced D

esign 
Experience,’

and 
EN

G
R

:2760 
(57:021),

‘D
esign 

for 
M

anufacturing’
show

ed 
that 

both 
dim

ensions of the perform
ance m

easure w
ere m

et for all perform
ance indicators.

A
ctions taken

Fall 2012/Spring 2013,E
N

G
R

:2760 (57:021),‘D
esign for M

anufacturing’: Ibrahim
 O

zbolat
A

lthough the project w
as posted very early, the tendency of the groups w

as to finalize the 
im

plem
entation of the project during the subm

ission w
eek,and som

e students had conflicts w
ith 

their individual assignm
ents in other courses. Thus, w

e introduced sub-deadlines for the project 
to distribute the overall load uniform

ly over the sem
ester, leaving less w

ork for students to do 
during the subm

ission w
eek. W

e expect that students w
ill participate in group m

eetings regularly 
due to m

ultiple sub-deadlines,particularly during the second half of the sem
ester.The third 

perform
ance indicator w

as
m

onitored in
the spring

of 2013 offering of EN
G

R
:2760 (57:021)to 

determ
ine the effect of the changes that w

ere im
plem

ented. A
n im

provem
ent in the third 

perform
ance indicator

for EN
G

R
:2760 (57:021)

w
as observed

w
hen the sub-deadlines w

ere 
introduced and m

ore tim
e w

as allocated for the project near the end of the sem
ester. The other 

indicators show
ed satisfactory results as usual.

Spring 2013,M
E

:4086 (58:086),‘M
echanical E

ngineering D
esign Project,’and M

E:4186 
(58:186),

‘E
nhanced D

esign E
xperience’: A

ndrew
 K

usiak, A
lbert R

atner, and D
aniel 

M
ineck

The faculty revised the student peer evaluationsfrom
an assessm

ent instrum
ent for outcom

e (d) 
to assess “Intra-team

com
m

unication skills”
as suggested by the survey recom

m
endation about 

enhancing com
m

unication in a team
(Section 2.E.2). The results of the assessm

ent show
ed

that 
the students are very good at intra-team

 com
m

unication, w
ith an average score of 2.8/3.0 across 
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all C
apstone D

esign projects.  A
n interesting effect w

as
apparent betw

een the one-sem
ester 

projects and the tw
o-sem

ester projects in that the standard deviation decreased from
 0.4 for the 

one-sem
ester projectsto 0.2 for the tw

o-sem
ester projects.  This im

plies that the extra tim
e in the 

projects
had the greatest im

pact on
the poorest perform

ers, and,in fact, none of the
students 

scored below
 2.5.

The faculty revised the C
apstone D

esign Individual Experience form
to include questions that 

allow
ed students to docum

ent their efforts of identifying, initiating contact, and w
orking w

ith 
other professionals,leading to better understanding ofthe benefits of learning and functioning in 
a m

ulti-disciplinary team
setting.

B
eginning w

ith the spring sem
ester of 2013, students in 

M
E:4086 (58:086) and M

E:4186 (58:186) have been required to fill out the assessm
ent form

. 
The results show

 that the students interacted w
ith

a range of professions,including people in 
sales and m

arketing
at both potential and current suppliers and the sponsor’s sales/dealership 

personnel.  They also interacted w
ith variousengineering personnel, including com

puter science 
professionals,w

ho assisted them
 in

virtual reality and related m
odeling and sim

ulation;electrical 
and civil engineers (depending on the project);

and m
echanical engineers

w
ith expertise in 

various specialties.

The focus ofcontinuous im
provem

ent for A
Y

2013/14 w
as to enhance

students’understanding 
of sustainability and governm

ental/political effects.  These w
ill serve as the drivers to introduce 

the students to professionals w
ho w

ork in these areas so as to assist the students in developing a 
better appreciation of these issues and their im

pact on engineering.  This w
ill be done through 

both direct m
eetings and classroom

-based,case-study discussions.

Fall 2013/Spring 2014,E
N

G
R

:2760 (57:021),‘D
esign for M

anufacturing’: Ibrahim
 O

zbolat
The indicators w

ere all satisfactory,so no specific action w
as proposed. The instructor w

ill 
continue to w

ork on enhancing the delivery of the course and trying to identify new
 areas for 

enhancem
ent.

Spring 2014,M
E

:4086 (58:086),‘M
echanical E

ngineering D
esign Project,’and M

E
:4186 

(58:186),
‘E

nhanced D
esign E

xperience’: A
ndrew

 K
usiak, A

lbert R
atner, and D

aniel 
M

ineck: A
n additional project status update m

eeting w
as introduced

in M
E:4086 (58:086) 

because it appeared that the prim
ary issuesw

ere that the students w
ere notaw

are of the different 
skills they w

ere dem
onstrating and that it took detailed questioning to extract the inform

ation 
from

 them
.A

lso, there w
ere som

e editorial changes m
ade to the existing form

s
to help identify 

the inform
ation of interest.

R
ecom

m
endations:

For M
E:4186 (58:186), the project experience form

 should be revised to 
m

ake it clear to the students that they should include experiences from
 their entire tim

e as 
undergraduate

students and not just things from
 their capstone design experience.The project 

experience form
 also w

as used for outcom
e (c), and a sim

ilar recom
m

endation w
as m

ade there.

4.B.1.5 O
utcom

e (e): an ability to identify, form
ulate, and solve engineering problem

s 

A
ssessm

ent results

Spring
2012:The average scores for all perform

ance indicators
satisfied

the target threshold of 
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. H
ow

ever, the percentage
the perform

ance indicator,“Analysis 
and interpretation of problem

 solutions,”
w

as less than the target value of 84%
.

Spring
2013: B

oth the average and percentage scores for all perform
ance indicators m

et the 
target thresholds.

Spring
2014: B

oth the average and percentage scores for all perform
ance indicators m

et the 
target thresholds.

A
ctions taken

Spring 2013,M
E

:3052 (58:052),‘M
echanical System

s’: H
iroyuki Sugiyam

a
Professor Sugiyam

a joined the D
epartm

ent in the spring sem
ester of 2013. In the M

E:3052 
(58:052),

M
echanical 

System
s’

course,
Professor 

Sugiyam
a 

em
phasized

"m
odeling 

and 
num

erical errors" in the finite elem
ent (FE) section of the course so

that students could achieve 
a

better understanding of m
odel verification

and validation. The com
ponent of "m

odeling and 
num

erical errors" w
as m

issing in the previous years, and
itcould

have been
one of the reasons 

students did notdo w
ell in the discussion and evaluation sections in the com

puter project that 
w

as used to evaluate the perform
ance indicator “A

nalysis and interpretation of problem
 

solutions.”This perform
ance indicator requiresstudents to com

pare finite elem
ent solutions w

ith 
those calculated by hand. W

ith this content, students gained a m
ore specific aw

areness of the 
m

odeling and num
erical errors in FE solutions.Furtherm

ore, Professor Sugiyam
a and the TA

s 
explained how

 the students could develop a reduced m
odel(as required in the project report) that 

could be solved by hand. This w
as done on an individual basis during the com

puter laboratory
session. The

students signed up for com
puter laboratory

to w
ork on the project individually,and,

at that tim
e, explanations w

ere provided
regarding m

odel
reduction

for the purpose of 
com

parative analysis. In sum
m

ary, in previous
years,students had difficulty

in developing an 
appropriate m

odel that w
as solvable by hand for the purpose of com

parison. In 2013, m
ore 

em
phasis w

as placed on the m
odeling aspects

in the course,
and detailed instructions for 

developing an appropriate reduced m
odel in the project w

ere provided to students in the com
puter 

laboratory
sessions.

Spring 2014,M
E

:3052 (58:052),‘M
echanical System

s’: H
iroyuki Sugiyam

a
N

o action w
as taken.

4.B.1.6 O
utcom

e (f): an understanding of professional and ethical responsibility 

A
ssessm

ent results

B
oth dim

ensions of the perform
ance m

easure w
ere m

et for all perform
ance indicators in all

sem
esters.  Therefore, outcom

e (f) w
as fully achieved

based on the current rubric.

A
ctions taken

Spring 2013,‘Professional Sem
inar’: Sharif R

ahm
an and Pavlo

K
rokhm

al
B

ased on the discussion in the M
IE m

eeting
on

February 12, 2013,and
the M

echanical System
s 

faculty m
eeting on February 13, 2013, a consensus w

as reached that M
E Professional Sem

inars 
provide an appropriate basis for perform

ing
additional assessm

ent of outcom
e (f).

72



B
eginning in the fall of 2013, M

E undergraduates have been exposed to
a new

 professional 
sem

inar series. A
 sem

inar series in a given year w
ill target one of tw

o sets of professional skills,
i.e., (1) ethics and business practicesor (2) leadership.  In the new

 form
at, the focus of the sem

inar 
series w

ill alternate betw
een the tw

o sets of professional skills.

Fall 2013,M
E

:4055 (58:055),‘M
echanical System

s D
esign’(M

SD
): O

lesya Zhupanska
In 2013, the assessm

ent instrum
ents w

ere com
pletely redesigned. The outcom

e w
as assessed 

using w
ritten assignm

ents on product liability, standards, and engineering ethics. The final exam
 

also included questions to assess the students’ know
ledge of N

SPE’s
C

ode of Ethics.Topics in 
the course related to product liability, standards, and engineering ethics w

ere revised. Several 
guest speakers (from

 industry, Law
 School, and the U

I A
D

A
 com

pliance office) w
ere invited to 

give lectures.  

Fall 2013,M
E

:0099 (58:091),‘Professional Sem
inar’:K

yung K
. C

hoi 
In 2013, the outcom

e w
as assessed using w

ritten assignm
ents on engineering ethics. A

 guest 
speaker w

as invited to give tw
o lectures. 

4.B.1.7 O
utcom

e (g): an ability to com
m

unicate effectively 

A
ssessm

ent results

Fall 2013,
M

E
:4086 (58:086),

‘M
echanical E

ngineering D
esign Project,’

and M
E

:4186 
(58:186),‘E

nhanced D
esign E

xperience’: H
ongtao D

ing, A
ndrew

 K
usiak, A

lbert R
atner, 

and D
aniel M

ineck: B
oth the average and percentage scores for all perform

ance indicators
obtained from

 2010 to 2013
m

et the target thresholds. Therefore, outcom
e (g) w

as fully achieved.

Spring 
2014,

M
E

:4080 
(58:080),

‘E
xperim

ental 
E

ngineering,’
M

E
:4086 

(58:086),
‘M

echanical E
ngineering D

esign Project,’
and M

E
:4186 (58:186),

‘E
nhanced D

esign 
E

xperience’: Pablo C
arrica, A

ndrew
 K

usiak, A
lbert R

atner, and D
aniel M

ineck:
The 

outcom
e w

as assessed using M
E:4080

(58:080),‘Experim
ental Engineering,’M

E:4086 (58:086),
‘M

echanical Engineering D
esign Project,’ and M

E:4186 (58:186),
‘PED

E and V
IPT.’ The 

assessm
ent results indicated

that the students’w
riting and presentation skills w

ere satisfactory,
although the percentage score for the indicator,w

riting skills,in the spring of 2014 w
as 82.4%

,
w

hich w
as slightly less than the target threshold

of 84%
. O

verall, the scores over m
ultiple 

sem
esters rem

ained
stable,w

ith at least 80%
 of the students m

eeting the expected perform
ance 

level.

A
ctions taken

Spring 2013,M
E

:4086 (58:086),‘M
echanical E

ngineering D
esign Project,and M

E
:4186 

(58:186),
‘E

nhanced D
esign E

xperience’: A
ndrew

 K
usiak, A

lbert R
atner, and D

aniel 
M

ineck:
N

o action w
as taken. 

Fall 2013,
M

E
:4086 (58:086),

‘M
echanical E

ngineering D
esign Project,’

and M
E

:4186 
(58:186),‘E

nhanced D
esign E

xperience’: H
ongtao D

ing, A
ndrew

 K
usiak, A

lbert R
atner, 

and D
aniel M

ineck: 
N

o action w
as taken.  
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Spring 
2014,

M
E

:4080 
(58:080),

‘E
xperim

ental 
E

ngineering,’
M

E
:4086 

(58:086),
‘M

echanical Engineering D
esign Project,’

and M
E

:4186 (58:186),
‘E

nhanced D
esign 

E
xperience’: Pablo C

arrica, A
ndrew

 K
usiak, A

lbert R
atner, and D

aniel M
ineck: 

The faculty is considering im
plem

enting m
easures to im

prove the students’ perform
ance,

including paying m
ore attention to w

ritten reports early in the curriculum
 and providing 

com
m

ents on draft reports. G
rading standards and expectations also w

ill be analyzed. 

4.B.1.8 O
utcom

e (h): the broad education necessary to understand the im
pact of 

engineering solutions in a global, econom
ic, environm

ental, and societal context 

A
ssessm

ent results

B
oth dim

ensions of the perform
ance m

easure w
ere m

et for all perform
ance indicators.  

Therefore, outcom
e (h) w

as fully achieved.

A
ctions taken:

Fall 2011,M
E

:4048 (58:048),‘E
ngineering System

s D
esign’: H

.S. U
daykum

ar
This assessm

ent w
as based on a new

 approach to teaching the course, i.e.,using the TILE (Spaces 
to Transform

, Interact, Learn, Engage) classroom
s that facilitate group activity, peer-assisted 

learning,and m
ultim

edia sources of inform
ation. Students w

ere asked to create a blog on w
hich 

they w
ould record thethe inform

ation they acquired based on reading assigned and self-collected 
m

aterial pertaining to the issue of energy and its sustainable production and use.

Fall 2012,M
E

:4048 (58:048),‘E
ngineering System

s D
esign’:H

.S. U
daykum

ar
A

fter som
e reflection and consultations w

ith the TA
s from

 past sem
esters,it w

as decided that the 
blog w

as difficult to grade because inform
ation w

as organized differently by each group,and the 
content w

as not w
ell m

anaged. Therefore, the student blog w
as replaced by a Pow

erPoint
presentation

that the students designed and developed over a period of about a m
onth by 

perform
ing in-depth analyses of the energy profiles of a country/city chosen from

 across the 
spectrum

 of high energy-consum
ing entities to low

 energy-consum
ing

entities. The students 
looked at the efficiencies of the various entities in term

s of energy use,and they correlated the 
energy profilesthey obtained w

ith quality-of-life indicators.

Fall 2013,M
E

:4048 (58:048),‘E
ngineering System

s D
esign’:H

. S. U
daykum

ar
Lectures in this sem

ester w
ere podcast and placed on IC

O
N

 so that students could view
 them

 at 
any tim

e. This is in line w
ith the flipping of the classroom

 pedagogy adopted in this sem
ester.

4.B.1.9 O
utcom

e (i): a recognition of the need for, and an ability to engage in life-long 
learning 

A
ssessm

ent results

Fall 2012:
T

,
“Responsibility,” in M

E:4055 (58:055)w
as less than the target value of 84%

.
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Fall 2013:B
oth dim

ensions of the perform
ance m

easure w
ere m

et for all perform
ance indicators.

Thus, outcom
e (i) w

as fully achieved.

A
ctions taken

Spring/Fall 2013,
M

E
:4055 (58:055),

‘M
echanical System

s D
esign’:

H
ongtao D

ing and 
O

lesya Zhupanska
A

 20-m
inute introduction to the design of m

odern w
ind turbinesw

ill be added to help the students 
w

ith their technical reportson w
ind turbine system

s.     

Fall 2013,
M

E
:4055 (58:055),

‘M
echanical System

s D
esign’:

H
ongtao D

ing and
O

lesya 
Zhupanska
The issue concerning the low

 percentage of students
w

ho m
et the “responsibility” indicator at 

the desired levelin the fall of 2012
w

as resolved as dem
onstrated by the im

proved score.N
o 

further actions w
ere taken.

4.B.1.10  O
utcom

e (j): a know
ledge of contem

porary issues 

A
ssessm

ent results

Fall 2012:In the fall sem
esters of 2011 and 2012, the collection of data from

 M
E:4048 (58:048)

did not cover all three perform
ance indicators individually, as indicated below

. In the fall 
sem

ester of 2012, the results from
 M

E:4055 (58:055)
show

ed
that both dim

ensions of the 
perform

ance m
easure w

ere essentially m
etfor the three perform

ance indicators. H
ow

ever, the 
percentage for the second indicator “know

ledge”
w

as slightly less than the target value of 84%
.

Fall 2013:The assessm
ent results show

ed that outcom
e (j) w

as satisfactorily dem
onstrated by 

the students. Therefore, outcom
e (j) w

as fully achieved.

A
ctions taken

Spring 2013,M
E

:4048 (58:048),‘E
nergy System

sD
esign’:H

.S.U
daykum

ar
The assessm

ent of outcom
es for the fall of 2011 w

as transitioned from
 M

E:0099 (58:091)
to 

M
E:4048 (58:048),‘Energy System

s D
esign.’In the fall of 2011,the assessm

ent w
as perform

ed 
using a large-scale project, but it w

as difficult to effectively separate the perform
ance indicators 

of the outcom
es in the grading process. The assessm

ent of the outcom
e w

as based on a rather 
large effort on the part of the students, i.e., a sem

ester-end project on LEED
 certification w

ith 
m

any conjoined and interw
oven parts. The outcom

e had just been transitioned to M
E:4048 

(58:048),‘Energy System
s D

esign’from
 other courses,and it w

as not clear to the instructor how
 

to m
ap the large problem

 to the individual outcom
es. Even

though the num
erical value in the 

assessm
ent docum

ent for the assessed outcom
e is listed under the perform

ance indicator,“U
se,”

in reality,
the problem

 tested the students on “Interest,”
“K

now
ledge,”

and “U
se.”

It w
as 

difficult to separate it into the individual com
ponents of “Interest,”

“K
now

ledge,”
and “U

se.”
A

fter som
e reflection and discussion in the M

E Program
 m

eetings,it w
as felt that an additional 

course w
ould be useful to help assess

this outcom
e. It

w
as decided that M

E:4055 (58:055),
‘M

echanical System
s D

esign,’ w
ould be a good venue to parse the different individual indicators

since has been used since the fall of 2012 to obtain data on the individual com
ponents of outcom

e 
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(j). 

Fall 2013,M
E

:4048 (58:048),‘E
nergy System

s D
esign’(E

SD
),and M

E
:4055 (58:055),

‘M
echanical System

s D
esign’(M

SD
):U

.S. U
daykum

ar and O
lesya Z

hupanska
N

o further actions w
ere taken.

4.B.1.11 O
utcom

e (k): an ability to use the techniques, skills, and m
odern engineering 

tools necessary for engineering practice 

A
ssessm

ent results

B
oth dim

ensions of the perform
ance m

easure w
ere m

et for all perform
ance indicators in all

sem
estersfrom

 2011 to 2014.
Therefore, outcom

e (k) w
as fully achieved.  

A
ctions taken

Spring 2013,M
E

:4080 (58:080),‘E
xperim

ental E
ngineering’: H

ongtao D
ing

LabV
iew

 softw
are w

as used for data acquisition and signal processing instead of the older 
D

A
SY

Lab
softw

are. Teaching LabV
iew

 starts in ‘Engineering Instrum
entation,’and itcontinues 

in ‘Experim
ental Engineering.’

D
ata acquisition occurs in alm

ost all experim
ents in both 

‘Engineering Instrum
entation’and ‘Experim

ental Engineering.’

Spring 2013: M
echanical System

sFaculty
Tw

o new
 m

echanical system
sfaculty,Professors H

ongtao D
ing and H

iroyuki Sugiyam
a,joined 

the D
epartm

ent in the fall of 2012 and the spring of 2013, respectively. Thus, the M
echanical 

System
s faculty has been

revam
ping M

E:3052 (58:052),‘M
echanical System

s’
and M

E:4055 
(58:055),‘M

echanical System
sD

esign’(Section 4.B
.3). Im

plem
entation of the revised sequence 

began in the spring sem
ester of 2014. There is a plan to expand ‘Finite Elem

ent’from
 eighthours 

to ten
hours. The laboratory section w

ill be increased accordingly, from
 fourhours to six hours. 

M
ore em

phasis w
ill be placed on laboratory assignm

ents
that involve the joint use of C

A
D

 
softw

are and the Finite Elem
ent program

.

C
urrently, our students learn Pro/E in EN

G
R

:2760 (57:021),‘D
esign for M

anufacturing.’They 
use Pro/E in M

E:3052 (58:052),‘M
echanical System

s.’Students w
ho take M

E:4115 (58:115),
Finite Elem

ent I,and M
E:4110 (58:110),‘C

om
puter A

ided Engineering,’w
ill have opportunities

to use Pro/E again. A
N

SY
S is introduced in M

E:3052 (58:052),‘M
echanical System

s,’and it is 
used extensively in M

E:4115. A
B

A
Q

U
S is used in M

E:4110.

4.B.1.12  O
utcom

e (l): an ability to w
ork professionally in either therm

al or fluid 
system

s engineering, including the design and realization of such system
s 

A
ssessm

ent results

B
oth dim

ensions of the perform
ance m

easure w
ere m

et for all perform
ance indicators in the fall 

sem
esters of 2010, 2011, 2012, and 2013. Therefore, outcom

e (l) w
as fully achieved.  
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A
ctions taken

Fall2012, 2013:N
o action w

as taken. 

4.B.1.13  O
utcom

e (m
): an ability to w

ork professionally in m
echanical system

s 
engineering, including the design and realization of such system

s 

A
ssessm

ent results

Fall 2012:B
oth dim

ensions of the perform
ance m

easure w
ere essentially

m
et for the first tw

o 
perform

ance indicators, i.e., “understanding of considerations in the design of m
echanical 

system
s”and “ability to apply design criteria for durability.”The average scores and percentages 

he third perform
ance indicator,“ability to design or analyze 

m
echanical system

sand
com

ponents,”
have been im

proving over the last few
 years. Even so, the 

percentage score for the fall sem
ester of 2012

w
as slightly less than the target value of 84%

.
Therefore, corrective actions are required for the third indicator.

Fall 2013:
The outcom

e w
as assessed using the M

E:4055 (58:055),
‘M

echanical System
s 

D
esign’

(M
SD

) course. The new
 assessm

ent instrum
ents w

ere used, and the students’
perform

ances w
ere

found to be satisfactory.

A
ctions taken

Spring/Fall 2013,
M

E
:4055 (58:055),

‘M
echanical System

s D
esign’:

H
ongtao D

ing and 
O

lesya Zhupanska
The students had som

e difficulty in applying different failure theories for fastenerdesign.  This 
w

ill
be im

proved by giving m
ore exam

ples on failure
prevention in fastener

design
or by 

redesigning the assessm
ent instrum

ents. The ‘M
echanical System

s’
faculty m

et and discussed 
revam

ping
several related courses. Thus, in

the fall of 2013, the assessm
ent instrum

ents w
ere 

com
pletely redesigned. The outcom

e w
as assessed using w

ritten assignm
ents on product liability, 

standards, and m
odern w

ind energy system
s. The final exam

 also included questions that w
ere 

designed to assess the students’ ability
to apply design criteria for durability.

C
ourse topics 

related to product liability and standards w
ere revised. Several guest speakers (from

 industry, 
Law

 School, and the U
I A

D
A

 C
om

pliance O
ffice) w

ere invited to offerlectures.  
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4.B.2 Actions R
esulting from

 Surveys and Interview
s 

4.B.2.1 Survey results and actions 

The follow
ing surveys w

ere
used

to obtain feedback concerning
student outcom

es.
1.

Survey of exiting undergraduate seniors
(tw

ice a
year)

2.
Survey of the design project m

entor and/or sponsor (tw
ice a year) 

3.
Survey of design project judges(tw

ice a year)
The num

erical scores w
ere as follow

s: 1
(strongly agree), 2 (m

oderately agree), 3 (slightly
agree), 

4 (slightly disagree), 5 (m
oderately disagree)and 6 (strongly disagree). The survey results are 

sum
m

arized in Table 4.40
and Table 4.41.

A
ctions taken

For m
ost outcom

es, the survey results fall in the categories betw
een ‘strongly agree’

and
‘m

oderately agree’
w

ith the exceptions of outcom
es (g),an ability to com

m
unicate effectively

and (i),a recognition of the need for, and an ability to engage in,life-long learning. The low
 

scores for outcom
e (i) from

 the design project m
entor/sponsor survey and the design judge 

surveys w
ere due to their not having an adequate basis to m

ake a judgm
ent. For outcom

e (g), 
there w

as a discrepancy betw
een the senior exit survey and the design project m

entor/sponsor 
and judge surveys. B

ased on the w
ritten com

m
ents,itw

as determ
ined that the low

 scores w
ere 

due to one outlier group, unreadable charts, and/or sm
all fonts. 

R
egarding outcom

e (m
) and elective courses for solid m

odeling, in the spring sem
ester of 2013,

the D
esign EFA

 coordinators,Professors K
yung K

.C
hoi and Sharif R

ahm
an,investigated this 

suggestion.  They exam
ined the syllabi and course m

aterials for the follow
ing

courses that 
em

phasize the use of Pro/E or other solid m
odeling softw

are packages, i.e., B
M

E:2710
(051:063),

‘Engineering D
raw

ing, D
esign, and

Solid M
odeling,’ and C

EE:2240
(053:040),

‘Introduction to C
om

puterA
ided D

esign-3D
 D

esign’.They recom
m

ended that these courses not 
to be listed in the D

esign EFA
’s

G
eneral Electives.

H
ow

ever, these courses could be taken
by 

students
if they select a

tailored EFA
.A

lso, please refer to 0
concerning the revam

ping of the 
‘M

echanical System
s’courses and for a discussion of Pro/E and FEM

 softw
are.

The survey
results also

indicated that the curriculum
 should be enhanced in the areasof softw

are 
skills, com

m
unication in a team

, and leadership
(Section 2.E.2), and the resulting actions are:

1.
Softw

are skill:
A

ctions:
Please refer to the actions described in Section 4.B

.1.11.

2.
C

om
m

unication in a team
:

A
ction:

In the spring of 2013, anew
 perform

ance indicator “intra-team
 com

m
unication skills” w

as added 
to assess outcom

e (d),an ability to function on m
ulti-disciplinary team

s.

3.
L

eadership:
A

ction: 
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The faculty discussed including
topics on leadership along w

ith professional and ethical 
responsibility in the

professional sem
inars (Section

4.B
.1.6). These topics have received 

increased coverage in the C
ollege-w

ide sem
inars and D

epartm
ental professional sem

inars. 

4.
H

ands-on experience:
A

ction: 
The faculty discussed the suggestion concerning the need for m

ore hands-on experience. In fact, 
our students gain significant hands-on experience in EN

G
R

:2760 (57:021), ‘D
esign for 

M
anufacturing.’

This course requires student team
s to design and m

anufacture a 1/18 scale 
electric car, w

hich m
ust be driven by an electric m

otor
that is pow

ered by a standard battery.
G

roups are free to use any appropriate traditional m
anufacturing techniques,such as m

illing, 
turning, drilling, saw

ing, w
elding, bending, and grinding to m

anufacture the chassis,w
heels,and 

shafts
designed using 

C
A

D
 softw

are; how
ever, the 

chassis m
ust be partially or fully 

m
anufactured by a

com
puter num

erically controlled (C
N

C
) m

illing process using a standard 
plastic w

orkpiece. C
onsiderable effort are

placed on the design process
and its constraints, the 

depth and com
pleteness of understanding of the design problem

, the quality of the engineering 
draw

ings, construction techniques, the creativity of the solution, the ability of the team
 to w

ork 
together,and the im

plem
entation of the design. A

 com
petition is held before the w

eek of the final 
exam

.G
roups should com

plete a 7-ft race in the shortest tim
e, w

here tim
e w

ill be used as the 
perform

ance m
etric.Thus, the faculty concluded that our students have gained sufficient hands-

on experience during the design processes in EN
G

R
:2760 (57:021).

T
able 4.40.Sum

m
ary of M

ean Scores of the Surveys

Survey
Student outcom

es,Fall 2012
(a)

(b)
(c)

(d)
(e)

(f)
(g)

(h)
(i)

(j)
(k)

(l)
(m

)
Senior 
exitint.

1.61
1.79

1.72
1.26

1.63
1.38

1.45
1.56

1.34
1.91

1.72
2.10

1.94

Project 
m

entors
1.36

2.18
2.09

1.33
1.55

2.09
2.18

2.18
2.29

1.56
1.64

2.43
1.33

Project 
judges

2.11
1.44

1.56
1.33

1.44
1.71

2.78
1.63

3.80
1.50

1.22
1.63

1.56

Survey
Student outcom

es,Spring 2013
(a)

(b)
(c)

(d)
(e)

(f)
(g)

(h)
(i)

(j)
(k)

(l)
(m

)
Senior 
exitint.

1.73
1.80

1.60
1.33

1.33
1.40

1.27
1.47

1.40
1.73

1.40
1.73

1.80

Project 
m

entors
2.14

1.57
2.57

1.33
2.57

2.43
1.86

2.71
2.60

2.57
1.57

3.00
2.43

Project 
judges

2.00
2.20

1.60
2.60

2.00
1.40

1.75
1.60

4.00
2.00

2.60
2.00

1.50

Survey
Student outcom

es, Fall 2013
(a)

(b)
(c)

(d)
(e)

(f)
(g)

(h)
(i)

(j)
(k)

(l)
(m

)
Senior 
exitint.

1.25
1.50

1.75
1.13

1.38
1.25

1.25
2.00

1.13
1.25

1.50
1.75

1.38
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Project 
m

entors
1.67

2.00
2.00

1.67
2.00

1.67
2.67

2.67
2.00

1.67
2.00

1.50
2.50

Project 
judges

2.43
1.57

1.29
1.14

1.67
2.14

1.71
1.86

2.60
1.83

1.57
2.40

1.43

Survey
Student outcom

es, Spring 2014
(a)

(b)
(c)

(d)
(e)

(f)
(g)

(h)
(i)

(j)
(k)

(l)
(m

)
Senior 
exitint.

1.40
1.53

2.07
1.40

1.43
1.47

1.60
1.67

1.33
2.13

1.93
2.27

1.80

Project 
m

entors
1.89

3.00
2.25

2.00
1.89

3.33
2.22

2.13
2.25

3.43
2.00

3.75
2.33

Project 
judges

2.57
1.57

2.00
2.50

2.43
2.50

1.57
1.83

2.00
2.00

1.43
1.71

1.57

T
able 4.41.Sum

m
ary of W

ritten C
om

m
ents of the Surveys

Survey
W

ritten com
m

ents,Fall 2012
Senior exit
interview

(l) I w
ould rather w

ork w
ith fluids or dynam

ics over therm
al.

(m
) Elective course should be available for both Pro/E and Solidw

orks.

Project 
m

entors

(h) I have not had a chance to observe it.
(i) I have not had a chance to observe this.
(l) W

as not part of any project.

Project judges

(g) W
ide range of com

m
unication abilities dem

onstrated. Specific issues for 
m

any w
ere unreadable charts (m

ostly due to sm
all font) and lots of um

’s and 
ah’s; O

ne group lagged dram
atically.

(i) N
ot sure if I had any basis upon w

hich to m
ake a judgm

ent on this; needs 
to be dem

onstrated.

Survey
W

ritten com
m

ents, Spring 2013

Senior exit
interview

(G
eneral com

m
ent) 

I believe there are too m
any solution m

anuals out there,and students are
just m

em
orizing the inform

ation instead of learning it. 
The best experience is undergraduate research.
O

ffer different design courses: A
utoC

A
D

, R
evit,Solidw

orks, etc.
The m

ath departm
ent does not convey to us w

hy w
e are learning the 

m
aterial.

I think it w
ould be good to prom

ote m
ore undergraduate research.

Project 
m

entors

(a)I only m
et w

ith the students tw
ice, but they seem

ed capable.
(c,e) U

nfortunately, w
e w

ere unable to attend the final presentation, and 
have not seen the final project results.
(f) I have no evidence or experience on w

hich to base such a judgm
ent.

(h,i,j,l,m
) I have insufficient inform

ation on w
hich to base an answ

er to 
this question.
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Project judges

(i)
D

ifficult to determ
ine w

ith such little tim
e; no inform

ation to base an 
opinion on this.
(k)I didn’t see m

any cases of projects that effectively applied these analysis 
tools or fundam

ental “back of the envelope” assessm
ents.

(G
eneral com

m
ent) I did not see the students having a clear idea of how

 to 
use w

hat I w
ould hope they learned in their other classes. There w

as m
inim

al 
analysis and m

any of the projects seem
ed to be m

ore m
arketing in nature 

than engineering, so part of the
problem

 w
as that they did not have a need to 

do m
uch analysis.

Survey
W

ritten com
m

ents, Fall 2013
Senior exit
interview

s
(G

eneral com
m

ent) H
ave professors m

ore focused on teaching than their 
personal research goals.

Project 
m

entors

(G
eneral com

m
ent) W

e had a great group of students w
ho w

ere able to solve 
the problem

 at hand to a standard of a D
eere engineer.The students w

ere w
ell 

versed in engineering theory. H
ow

ever, the m
ajority of a M

echanical 
Engineer’s job is to provide schedule and budget im

pacts w
hile solving the

problem
 as quickly and efficiently as possible. I feel the students w

ould 
benefit from

 m
ore application of the theory in conjunction w

ith the econom
ic 

im
pacts that theirdesign decisions have on the schedule and budgets in both 

the short term
 and long term

. A
lso, engineers are not allow

ed to just sit in 
cubicles anym

ore, they need to have a
strong foundation in com

m
unication 

across disciplines and cultures.

Project judges

(f)D
id not recall specific instances of this -so w

ill respond accordingly.
(i) D

ifficult to tell.
(G

eneral com
m

ent) So m
y

additional areas for specific feedback separate 
from

 specific questions. O
ne area that I am

 particularly biased tow
ards is

econom
ic feasibility

of solutions. In having
m

ade the sam
e transition 

(undergraduate / graduate degree -> industry) this is a critical com
ponent of 

the m
ajority of the students' future success.The projects students are 

w
orking are good cross section of engineering issues faced in industry. The 

hands-on project activities w
ill enhance their know

ledge and skillsrequired 
in

com
ing years.

Survey
W

ritten com
m

ents, Spring 2014

Senior exit
interview

s

(G
eneral com

m
ent) 

A
dd m

ore classes that are solely based on learning certain program
s 

such as proE, A
nsys, abaqus, etc. 

Ithink there needs to be m
ore em

phasis on preparing students for the 
industry. M

y senior design project has show
n m

e that I have not learned 
enough skills, beyond theory, to design and create a product.
Students need m

ore training in C
reo or sim

ilar program
s.
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Som
ehow

, earlier on, it w
ould definitely be beneficial to provide a 

student w
ith better context as to how

 the skills they are currently 
learning are going to transfer. E.g. A

student in Statics m
ight be given a 

problem
 that show

s how
 im

portant Statics is in M
echanical System

s. 
The one dow

nside of the curriculum
(and I see this as a built-in

problem
) 

is that the students have to learn everything separately w
ithout the 

chance to put it all to gatherin the big picture classes such as M
echanical 

System
s D

esign and
Energy System

s D
esign.

The lab equipm
ent and lab procedures for experim

ental engineering
need to be updated. Their procedures

are out of date and a lot of the 
equipm

ent is shotty.

Project 
m

entors

(b) This project didn't require experim
ents

(l)The project did not require such detail.
(f, j) I assum

e so.
(f) Som

e students com
e to the w

ork place in hoodie sw
eatshirts and w

ithout 
know

ledge of the com
pany.

(G
eneral com

m
ent) O

verall -job w
ell done.H

ow
ever, student participation 

tapering off tow
ards the end ofsem

ester. N
eed to address this.It's a w

ell-
run program

. The student interview
s uncovered just one area that I felt 

offered an opportunity for im
provem

ent, w
hich w

as understanding 
contem

porary issues.Thanks!!

Project judges

(a) In general, there w
as a lack of adequate quantitative analysis.

(d) V
ery difficult to judge this one from

 a 20 m
inute presentation.

(e) Strong on defining but w
eak on solving.

(f) D
ifficult to determ

ine.
(G

eneral com
m

ent) I encountered very few
 students w

hom
 I thought w

ere 
really enthusiastic about engineering. The seem

ed to all w
ant to get into 

m
anagem

ent as quickly as possible. I think m
ore em

phasis on
fundam

entals and basic engineering approaches w
ould allow

 them
 to get a 

better vision of the overall system
 and have m

ore
appreciation for the role 

of engineering and innovation. The students that I talked to seem
ed to 

alm
ost exclusively on business aspects, w

hich w
hile im

portant are not the
end-all.D

isappointed at how
 several projects stopped at C

A
D

;I expected 
at least m

inim
al m

ockups.

4.B.2.2 Senior interview
 results 

In the spring of 2013, the end of the sem
ester Senior Project Presentation night w

as scheduled 
on M

ay 9,and the Industrial A
dvisory B

oard m
eeting w

as scheduled on M
ay 10. The M

E and IE 
A

B
ET com

m
ittees decided to arrange

one-on-one interview
s for

all of our senior students by 
either board m

em
bers or project judges from

 various com
panies. Since then, the interview

s have 
been conducted tw

ice, i.e.,in the springs of 2013 and 2014. The interview
s allow

ed
assessm

ent 
and evaluation of the achievem

ent of som
e student outcom

es from
 the industrial perspective. The 

com
m

ittees chose tw
o outcom

es forassessm
ent. They are

outcom
e (i),a recognition of the need 

for, and an ability to engage in,life-long learning
and

outcom
e (j),a know

ledge of contem
porary 
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issues. The board m
em

bers and judges indicated that the interview
s w

ere helpful for them
 to 

know
 better about the A

B
ET process and the needs of the program

.  The board m
em

bers and 
project judges scored

the achievem
ent of these outcom

es based on their respective
rubrics in 

Table 4.25
and Table 4.28.A

sum
m

ary of the interview
s is show

n
in Table 4.42.O

verall, the tw
o

dim
ensionsof the perform

ance m
easure w

ere
m

etfor both outcom
es.

T
able 4.42.Sum

m
ary ofSenior Interview

sC
onducted by A

dvisory B
oard M

em
bers and 

Judges

Sem
ester

O
utcom

e (i) Perform
ance Indicators

C
uriosity

R
esponsibility

K
now

ledge 
Translation

K
now

ledge 
Integration

A
verage

(a) A
verage scores

Spring 2013
2.5

2.5
2.5

2.5
2.5

Spring 2014
2.4

2.4
2.4

2.5
2.4

(b) Percentages of scores exceeding 2
Spring 2013

94.2
94.2

100.0
98.0

98.0
Spring 2014

100.0
98.4

100.0
98.4

98.4

Sem
ester

O
utcom

e (j) Perform
ance Indicators

Interest
K

now
ledge

U
se

A
verage

(a) A
verage scores

Spring 2013
2.2

2.1
2.0

2.1
Spring 2014

2.3
2.5

2.5
2.4

(b) Percentages of scores exceeding 2
Spring 2013

93.9
87.8

85.1
85.7

Spring 2014
92.1

96.8
98.4

90.5

4.B.3 O
ther Actions 

The actions described in this section resulted prim
arily

from
 discussions at M

E program
 faculty 

m
eetings. These actions w

ere organized by courses.

M
E

:3351 (58:051):‘E
ngineering Instrum

entation’

M
E:3351 (58:051),‘Engineering Instrum

entation,’
w

as first offered in the fall of 2011. This 
course, w

hich
replaced the fours.h. 57:018,‘Principles of Electronic Instrum

entation,’taught by 
the D

epartm
ent of Electrical and C

om
puter Engineering, w

as review
ed during 2010-2011.In the 

review
,it w

as found that, from
 a M

echanical Engineering perspective,‘Principles of Electronic 
Instrum

entation’
overem

phasized 
m

aterial 
on 

electronics 
and 

sem
iconductors 

and 
underem

phasized sensors and the use of instrum
entation usage, both of w

hich are very im
portant 

for M
echanical Engineers. Thus, the M

echanical and Industrial Engineering D
epartm

ent 
proposed the developm

ent of a new
,tw

o
s.h. course

to teach sensors, instrum
entation, and data 

acquisition using m
odern softw

are (LabV
iew

). The new
 course,‘Engineering Instrum

entation,’
also allow

ed the sensors com
ponent to be rem

oved from
 M

E:4080 (58:080),
‘Experim

ental 
Engineering,’

providing m
ore tim

e to concentrate on advanced experim
ental techniques and 
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uncertainty analysis. In addition, M
echanical Engineering students now

 are required to take the 
tw

o s.h.
course EN

G
R

:2730 (57:017),
‘C

om
puters in Engineering,’

in w
hich they learn 

program
m

ing, an im
portant area that the faculty w

anted to reinforce.

Fall 2011 (first offering): Jam
es B

uchholz
C

ourse description: M
easurem

ent errors and calibration, m
easurem

ent circuits, laboratory 
instrum

entation, am
plifiers, frequency dom

ain, frequency response, noise, analog filters, sensors, 
data acquisition, LabV

iew
,and signal processing and filtering w

ith
LabV

iew
.

Thisis a tw
o

s.h.
course, including eighttw

o-hour laboratory sessions.

Fall 2012: Jam
es B

uchholz
The curriculum

 w
as m

odified to de-em
phasize frequency dom

ain, frequency response, and 
filters; there w

as an increased em
phasis on instrum

entation, calibration, and error analysis.

Fall 2013: Jam
es B

uchholz
To support a significant increase in enrollm

ent, a second lecture section and tw
o additional 

laboratory
sections w

ere established.  Prof. B
uchholz taught both lecture sections, and an 

instructor w
as hired to supervise the laboratory

sections (reporting to and receiving support and 
assistance from

 Prof. B
uchholz).  The num

ber of students in each laboratory
section also w

as
increased, requiring the purchase of equipm

ent for the additional laboratory stations.  This also 
provided an opportunity to replace old

equipm
ent used in the laboratories.

M
E

:4048 (58:048):‘E
nergy System

s D
esign’

Fall 2012: H
.S.U

daykum
ar

M
E:4048 (58:048),‘Energy System

s D
esign’

(ESD
),w

as taught (all lectures and discussion 
sessions) in the TILE classroom

, w
hich w

as designed to prom
ote active-learning pedagogies and 

student collaboration.These classroom
s are equipped w

ith extensive technology, including large 
m

onitor displays
for each

student’s
table, large screens and projectors for view

ing by the entire 
class, netw

ork connectivity, and m
icrophones available at each table in the larger room

s. Students 
w

ork in groups to foster peer-supported learning,and the course m
ainly relies on several m

ini-
projects and a larger,end-of-sem

ester project to enable students to learn by doing. Feedback from
 

students has been very positive.The course structure now
 follow

s the principles of inquiry-based 
learning in w

hich students self-direct their learning w
hile the teacher acts as a facilitator. 

M
E

:3052 (58:052),‘M
echanical System

s’

Spring 2012: Justin G
arvin

B
ased on the results of the assessm

ent of outcom
e (k)in the spring of 2011, the rubric for this 

outcom
e w

as m
odified. Explicit references to “A

N
SY

S” and “Pro/E” w
ere replaced by 

“com
m

ercial finite elem
ent program

” and “solid m
odeling softw

are,” respectively, because 
students w

ere not required to use A
N

SY
S and Pro/E exclusively in their projects. The m

odified 
rubric w

as used in the spring of 2012. 
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Spring 2013: H
iroyuki Sugiyam

a
The finite elem

ent section w
as slightly m

odified specifically to provide the students w
ith a better 

understanding of m
odeling and num

erical errors in finite elem
ent solutions. Lectures on "finite 

elem
ent m

odeling and errors" w
ere added for this purpose. This slight m

odification helped 
students evaluate num

erical results obtained by finite elem
ent softw

are in the com
puter project, 

and the average score in the discussion and evaluation sections of the
project report w

as 
im

proved. 

M
E

:4055 (58:055),‘M
echanical System

s D
esign’

Fall 2012: H
ongtao D

ing 
This course

w
as taught by Professor D

ing w
ho joined the

D
epartm

ent in the fall of 2012.  
M

E:4055 (58:055), ‘M
echanical System

s D
esign,’ w

hich w
as already used to assess outcom

es 
(f) and (m

), also w
as used to assess outcom

es (i) and (j). A
n introduction to m

odern w
ind turbine 

system
s, in particular,the design of the gear box of a w

ind turbine,w
as added to help students 

engage in life-long learning and gain m
ore know

ledge of contem
porary issues.  

Fall 2013: O
lesya Zhupanska

In 2013, the assessm
ent instrum

ents w
ere com

pletely redesigned. The outcom
e w

as assessed 
using w

ritten assignm
ents on product liability, standards, and engineering ethics. A

lso, the final 
exam

 included questions to assess the students’ know
ledge concerning N

SPE’s C
ode of Ethics. 

C
ourse topics related to product liability, standards, and engineering ethics w

ere revised. A
 

num
ber of guest speakers (from

 industry, Law
 School, and the U

I A
D

A
 com

pliance office) w
ere 

invited to give lectures.  

C
ourse R

evision Sum
m

ary: M
E

:3052 (58:052),
‘M

echanical System
s,’

and M
E

:4055 
(58:055),‘M

echanical System
s D

esign,’Spring 2013,O
lesya Zhupanska

M
E:3052 (58:052),

‘M
echanical System

s,’
is a required,

junior-level
course,

and M
E:4055 

(58:055),‘M
echanical System

s D
esign,’is a required,senior-level course in the M

E program
, 

w
ith the form

er course being a pre-requisite for the latter course. B
oth courses w

ere discussed 
and re-evaluated at a series of the M

echanical System
s group faculty m

eetings in the spring of 
2013. A

s a result of these discussions, several changes w
ere recom

m
ended and approved by the 

M
IE faculty in M

ay 2013. The changes w
ere im

plem
ented in the spring of 2014. 

A
s a result of the revisions, m

any topics that w
ere taught previously in M

E:4055 (58:055),e.g.,
fatigue and durability in design, fracture, engineering ethics, product liability, and standards,
w

ere m
oved to M

E:3052 (58:052),‘M
echanical System

s.’

N
ew

 topics w
ere added to the revised M

E:4055 (58:055) course,i.e., kinem
atics of m

echanism
s,

dynam
ics and vibration of m

achines, and com
puter-aided analysis of m

achines. Previously, these 
topics w

ere not covered in any required undergraduate M
E courses.

The revised course,M
E:3052 (58:052),‘M

echanical System
s,’is a

fours.h. course, w
hereas it 

had been a 3 s.h. course
in the past.The topics that w

ill be covered include product liability, 
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standards in engineering design, engineering ethics, m
echanical behavior and failure of m

aterials, 
m

aterials selection in design, stress and deflection analysis, static failure theories, fatigue and 
durability in design, fracture, statistical and reliability considerations, and finite elem

ent analysis 
using com

m
ercially available softw

are. 

The revised course,M
E:4055 (58:055),‘M

echanical System
s D

esign,’is a 3 s.h. course
that had 

been a 4 s.h. course
in the past. The topics covered include kinem

atics of m
echanism

s,dynam
ics 

and vibration of m
achines,design of cam

sand gears, design of m
achine elem

ents,and com
puter-

aided analysis of m
achines. The course EN

G
R

:2710 (57:010),‘D
ynam

ics,’w
as added as a pre-

requisite for M
E:4055 (58:055).

M
E

:4080 (58:080):‘E
xperim

ental E
ngineering’

Fall 2010 A
cquisition of Skystream

 3.7 W
ind Turbine: Pablo M

. C
arrica

M
E:4080 (58:080),‘Experim

ental Engineering,’
is an

experim
ent-based

course
for seniors in 

M
E.To com

bine advanced experim
ents and contenton

the contem
porary topic of w

ind energy, 
a Skystream

 2.4 kW
 w

ind turbine w
as installed on cam

pus, three
blocks south of the 

Experim
ental Engineering Laboratory. The turbine w

as purchased w
ith funds from

 the C
ollege 

of Engineering and a grant from
 the Iow

a A
lliance for W

ind Innovation and N
ovel D

evelopm
ent 

(IA
W

IN
D

). A
lso, the grant allow

ed for the purchase of w
ireless data acquisition system

s and 
instrum

entation to
allow

 students to perform
 rem

ote experim
ents using the turbine. The turbine 

is equipped w
ith a hinged tow

er base and a w
inch that enables the turbine to be low

ered and 
raised easily.

The turbine w
as com

m
issioned in 2010,and it w

as first used by students
in the fall sem

esterof 
2010. Students use

the turbine to perform
 experim

ents for the
final project in

M
E:4080 (58:080),

‘Experim
ental Engineering.’

Spring 2011: Pablo M
. C

arrica
In the spring of 2011,rubrics w

ere developed to assess Student O
utcom

e (b) “ability to design 
and conduct experim

ents
and to analyze and interpret data,” Perform

ance Indicator “use of 
hardw

are and lab equipm
ent” in Student O

utcom
e (k), and Perform

ance Indicators “organization 
in w

riting” and “w
riting skills” in Student O

utcom
e (g). To accom

m
odate the grading needed for 

the assessm
ents, the individual and group reporting requirem

ents w
ere m

odified. H
om

ew
ork w

as 
required but not graded,

and w
eekly quizzes w

ere im
plem

ented to prevent students from
 

dow
nloading textbook solutions from

 the Internet.

Fall 2011: Pablo M
. C

arrica
D

ue to poor results w
ith the quizzes, graded hom

ew
ork w

as im
plem

ented again. Som
e of the 

problem
s w

ere specifically
designed for the course instead of com

ing from
 the textbook.
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Spring 2012: Pablo M
. C

arrica
N

ow
, all hom

ew
ork problem

s are developed specifically for the course. This resulted in better 
perform

ance in uncertainty analysis and dynam
ic response results. A

ll experim
ents w

ere revised 
to im

plem
ent the transition to LabV

iew
 softw

are beginning in the fall of 2012. 

Fall 2012: Pablo M
. C

arrica
The curriculum

 w
as m

odified in response to the im
plem

entation of 58:051,
‘Engineering 

Instrum
entation.’

The elim
ination

of Sensors, now
 taught in ‘Engineering Instrum

entation,’
allow

ed additional tim
e for the perform

ance of m
ore com

plex experim
ents, m

ore data analysis 
(including uncertainty),

and im
proved reporting. Eighty percent of the experim

ents w
ere 

perform
ed using LabV

iew
 instead ofD

A
SY

Lab, and one LabV
iew

 lecture
w

as added to refresh 
the concepts that w

ere taught in ‘Engineering Instrum
entation.’

Tw
enty percent of the 

experim
ents still use

D
A

SY
Lab because the available hardw

are is incom
patible w

ith LabV
iew

;
these experim

ents w
ill be updated in the next few

 sem
esters.

Spring 2013: H
ongtao D

ing
Tw

o m
ore experim

ents w
ere converted to use LabV

iew
 instead of

D
A

SY
Lab. The rem

aining 
tw

o experim
ents still using D

A
SY

Lab have hardw
are that is incom

patible w
ith LabV

iew
, and 

they w
ill be updated in the next few

 sem
esters.

Spring 2014: Pablo M
. C

arrica
The developm

ent of a new
 experim

ent on the reduction of vapor cavity drag reduction
w

as 
initiated,and it w

ill be introduced as a final project. The plan is to com
plete

it and offer itas an 
elective experim

ent in the fall of 2014. 

C
ertificate in W

ind E
nergy

Spring 2013: Pablo M
. C

arrica
A

 new
 interdisciplinary undergraduate certificate in w

ind energy w
as developed and becam

e 
effective in the spring of 2013. W

ind energy has becom
e a m

ajor source of clean energy,and the 
use of this technology is expected to increase over the next few

 decades, creating the need for 
professionals w

ith diverse backgrounds and know
ledge of the fundam

entals of w
ind energy.Iow

a 
has a strong stake in w

ind energy. It generates m
ore electricity from

 w
ind than any other state in 

the country, and several facilities that m
anufacture w

ind turbines, tow
ers,and bladesare located 

in the state. The C
ertificate in W

ind Energy integrates coursew
ork

and the faculty’s
expertise 

from
 the D

epartm
ents of M

echanical and Industrial Engineering, C
ivil and Environm

ental 
Engineering, Electrical and C

om
puter Engineering, and G

eography.

Students m
ust take 18 sem

ester hours of coursew
ork in any of the departm

ents involved, and 
there are tw

o required courses, i.e., IE:4550 (56:155),
‘W

ind Pow
er M

anagem
ent,’

and 
G

EO
G

:3560 (44:130),‘Spatial A
nalyses of W

ind Energy.’
The other 12 sem

ester hours are 
elective and can be used to com

plete the conditions for the EFA
, as

required by the M
echanical 

Engineering program
.
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Tw
o courses

are being offered this sem
ester for the first tim

e in the context of the C
ertificate in 

W
ind Energy, i.e., M

E:4142 (58:142),
‘W

ind Turbine A
erodynam

ics,’
and G

EO
G

:3560 
(44:130),

‘Spatial A
nalyses of W

ind Energy,’
developed in the M

echanical and Industrial 
Engineering and the G

eography D
epartm

ents, respectively. 

It is expected that betw
een 10 and 15 students w

ill enroll to the C
ertificate in W

ind Energy every 
year, attracted by the m

ulti-disciplinary nature of the curriculum
 and the contem

porary content 
of the courses offered. The Student C

hapter of the A
m

erican W
ind Energy A

ssociation (A
W

EA
) 

at the U
niversity of Iow

a has dozens of affiliated students w
ho are interested in the area of w

ind 
energy, com

plem
enting the offering of the C

ertificate.

4.C Additional Inform
ation 

O
ne of the m

ajor im
provem

ents of our program
 during this A

B
ET review

 cycle relates to the 
m

ethod used to docum
ent and m

aintain A
B

ET assessm
ent results and continuous im

provem
ent 

activities. W
e used the online capabilities provided by IC

O
N

, w
hich is the course m

anagem
ent 

system
 at the U

niversity of Iow
a. M

ost instructors in M
E program

 use IC
O

N
 as the w

ebsite for 
their 

courses. 
W

e 
created 

a 
site 

on 
IC

O
N

 
called 

“M
echanical

Engineering 
Program

 
A

dm
inistration.” Each sem

ester, the M
E faculty upload the A

B
ET inform

ation
to this site, such 

as the results of the assessm
entof student outcom

es, continuous im
provem

ent activities, and 
rubrics and assessm

ent instrum
ents. In addition, other A

B
ET inform

ation,such as m
inutes of the 

m
eetings conducted by the M

E program
 concerning A

B
ET,also

has been
uploaded to the IC

O
N

 
site. B

ased on the user-friendly interface provided by IC
O

N
, the A

B
ET inform

ation on the site 
is w

ell organized by categories and subcategories.

In addition, hard copies of the m
aterials and docum

entation supporting the assessm
ent process 

w
ill be available to the review

ers during the accreditation visit.  The m
aterial w

ill be organized 
as follow

s: (1) docum
entation and assessm

ent results w
ill be organized by each of the M

E student 
outcom

esand (2) docum
entation w

ill be organized by course and w
ill include the syllabus, course 

m
aterial, sam

ples of students’graded w
ork, and the results of assessm

entsof the various courses.
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