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Abstract. In the past, the main issuesin engineering design revolved around making things work. Now, thingsare
more complicated. The design engineer and the design educator must also struggle with issues on environmentd,
legal, manufacturing, marketing, maintenance, life cy cle, intellectual property, cultural, and global considadias
Therefore, undergraduate engineering students need more than just a good technical background. They need
educational experience that can help them develop such skills asinteracting effectively with people of widely
varying social and educational background, ability to participate in a group and work with team members,
managing and leading a proj ect, the art of solving technical problems, good communication, motivating people,
awareness of ethical issues, organizational sklls, resource-fulness (creativity, originality , etc.).

The goals of engineering design educators at King Saud University are: (a) to enhance a heightened awarenes
of engineering design as an important element of engineering education and practice; (b) to encompass modern
concepts of engineering design principles; and (c) to promote design education across the engineering curricuum.

In this paper, the mechanical engineering design education at King Saud University is highlighted. The
different courses structure and management are explained. An assessment methodology for the measurable
learning outcomesis drawn up. The relationships of the design coursesto program obj ectives as stated by ABET

EC 2000 Criterion are examined and the students achievements are then presented.

Introduction

Modern engineering education is slowly redizing the
importance of design, manufacturing and teamwork.
Design and manufecturing are the synthetic pat of
enginegring practice Design is an integrd part of
manufecture and can be viewed as planning for
manufacturing. The improvement of manufacturing
processes, while vitd, is pointless without excdlent
design. The importance of these issues in education is
beng driven by industry. The grestest deficiency
occurs because design is not integrated throughout
the engineering science courses from the first year to
the last one Thisareais dso where the least atention
has been paid; because many of the faculty members
in these courses have little industrid and /or
engineering design experience.

The team work forms a broad based forum for
exploring idess, sharing experiences, and devel oping
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new gpproaches to handling problems in design. In
the past, the man issues in enginesring design
revolved around making things work. Nowadays
things are more complicated. T he design engineer and
the design educator must aso grapple with issues on
environmentd, legd, manufacturing, marketing,
maintenance, life cyd e, intdlectud property, culturd,
and globd considerations, as wdl as a host of
influencing factors once considered far outside the
redm of engineers, (ABET Enginexing Criteria
2000; Dixson, 1991; Fasteet al., 1993; Aldridge and
Lewis, 1997; Pimme, 2001).

Enginearing design is the process of devising a
system, component or process to meet the desired
needs. It is a decision making process, in which the
basic sciences and mathematics and engineering
sciences are goplied to convert resources optimaly to
meet a staed objective Among the fundamentd
dements of the design process are the establishment
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of objectives and criteria, synthesis, andysis,
construction, testing, and evauation. T he enginesring
design component of the curriculum must indude the
following features. the devdopment of student
creativity, use of open-ended probl ems, deve opment
and use of modern design theory and methodol ogy,
formulation of design problem staements and
speci fications, consideration of dternative solutions,
feasibility considerations, production processes, and
detalled system descriptions. Furthermore, it is
essentid to indude a vaiety of redistic constrants,
such as economic factors, sefety, rdiability, aesthetics,
ethics, and socid impact (Dahir, 1993).

Acceditaion for an engineering program is
intended to ensure tha the program is designed to
prepare graduates for the practice of enginesring a a
professiond level. Generd criteriafor accreditation are
intended to assure an adequate foundation in science,
the humanities and the socid sciences and enginegring
design methods. In addition, preparation isassured in a
higher enginesring specidization appropriate to the
chdlenge presented by today's complex and diffi cult
problems (Vdenti, 1996, Oakes et al., 2000;
ElMadany, 2003).

Recently, the Accreditation Board for Enginesring
and Technology (ABET) has gpproved new criteria for
evduding engineering programs. These criterig
known as Engineering Criteria 2000 (EC2000) (Dahir,
1993), have a strong outcome-based component in
addition to the conventiona contert-based component.
Pat of this outcomebased component involves a
continua on-gaing assessment and eva uaion process
not only for ABET accreditation but dso for the
improvement of the program (M cCreanor, 2001).

The ABET ak outcomes indudetechnicd and non-
technicd (or 'soft") skills which faculty members are
expected to teach and therefore measure.  Improving
performance with respect to skills, as opposed to
transferring  information,  requires  dternative
goproaches to instruction (Cdlins and Davidsmn,
2002). Woods et al. (1997) showed that studerts do
not develop problem sdving skills by (a) watching
faculty work problems, (b) waching other students
work problems, or (c) working many problems (even
open-ended problems) themsdves. Insteed, problem-
solving skillswerelearned in a workshop environment.
Students need an opportunity to deveop and practice
soft skills Student-gudent interaction has been shown
to be an effective way of learning, which is often
neglected in the traditiond lecture course (Mourtos,
1997; Seat and Lord, 1999; Sext et al., 2001).

In this paper, the mechanicd enginexring design
education a King Saud University is highlighted. The
different courses’ structure and management ae

explaned. An assessment methodology for the
messurable learning outcomes is dravn up. The
rdaionships of the design courses to program
objectives as stated by ABET EC 2000 Criterion are
examined and the students’ achievements are then
presented.

Mechanical Engineering Department

Mission of the department

e To prepae students with the innovative
engineering, design, and probl em solving skills
needed to devedop and bring to the mark et place
competitive products and services for the benefit
of society.

e To hdpstudents deveop character, sdf-rdiance,
and leadership skills through a high degree of
choice, involvement, and responsibility in ther
engineering design projects and senior projects.

e To engage in leading-edge, interdiscplinary
research and servi ce to industry and society.

e To provide high-qudity, stae-of-the-art courses
of service to the college, the university, and the
community e large.

Educational objectives

e To undestand basic principles, scence
mathematics, enginearing sciences, mechani cd
systems, and computationa skills, with an ability
to modd, andyze, synthesize, idegte, iterae, and
implement enginearing solutions in the areas of
thermd and mechanica systems.

e To understand product design deveopment and
manufacturing, and acquire the cgpability to work
effectively as individudsand in teeams

e To comprehend quantitative, andyticd and
experimentd methods, induding data andysis
techniques.

e Tocommunicaeidess verbdly, graphicdly and in
writing.

e Todevdopan ethicd gpproach to enginearing, and
to undestand professiond responsibilities with
concern for society and the environmert.

e To acquire the knowledge base, confidence, and
menta discigine for sdf-education and life-long
learning.

Program outcomes
Each student in receiving aBSME degree from the
program will demonstrate
a An aility to gpply knowledge of mathematics,
science, and engineering.
b) An ability to design and conduct experiments, as
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wel| as to andyze and interpret data

€ An &ility to design a system, component, or
process to meet desired neads.

d) An a&bility to function on multi-discplinary
teams.

€ An ability to identify, formulate and solve
engineering problems.

f)  An understanding of professiond and ethicd
responsibility.

g) An aility to communicate effectivey.

h) The broad educeation necessary to understand the
impact of engineering solutions in a globa and
societd context.

i) A recognition of the nead for, and a ability to
engagein life-long learning.

j) A knowledge of contemporary issues.

K) An ability to use the techniques, skills and
modern  engineering tools necessay  for
engineering practice.

[) An ability to goply advanced mathematicsthrough
multivariate cdculus and differentid equations.

m) An ability to apply statistics and linear dgebrato
problems in mechanicd enginesring.

n An &ility to demonstrate knowledge of
chemistry and physics.

0) An ability to work professiondly in both thermd
and mechanicd systems aress.

Curriculum

The undergraduate program offered by the
Depatment of Mechanicd Engineering provides an
opportunity for students with an gptitude for physicd
sciences, mathematics and use of computers to fully
develop their cgpabilities and apply them to the
enginering program. The graduates of Mechanicd
Enginearing acquire an  excdlent background in
mechanics and thermd sdences to andyze the
conversion and transmission of energy in its many
forms. Mechanicd engineers use this knowledge to
solve new problems and to make things work better,
more efficiently, and more economicaly.

The Mechanicd Enginearing curriculum is
designed as a sequence of incressingly specidized
experience. The entering student’s first two years are
spent in studying the basics of science mathematics,
physics, chemistry, English language, computer
skills, Arabic language, Islam, and some fundamenta
courses such as statics, dynamics, mateids
enginegring and the mechanics of maerids. Building
on this base in the third year, students take more
fundamenta courses such as thermodynamics,
introductory fluid mechanics, basic dements of
creuits and dectronics, and manufacturing processes.
By the fourth year, students study specidized

Mechanicd Enginearing courses in the subfidds of
fluid mechanics, heat transfer, dynamic systems,
automatic control, and engineering design. Findly,
during the fith year, the progran offers the
opportunity to both broaden and degpen the students’
knowledge of the fidd through additiond technicd
courses. Furthermore, in the find year, students teke
a senior project, in which the knowledge and skills
they have learned are goplied. Enginesring design,
technicd communication, teamwork, and laboratory
experiences are integrated throughout the curriculum.

Design Courses Information

Enginearing design is described as a continuous
process wheeby  sdentiic  knowledge and
technologicd information ae used to creae or
modify a system, device or process that will beneft
society. This concept isintroduced in thefirst design
course and forms the philosophicd basis for other
design courses and for generd engineering courses.

Before taking design courses, we tend to goply
draving dasses to improve the cregtivity and
imagination skills in our students. As a result,
extensive drawing dasses prior getting into design
courses are considered to be serious implements for
engineering students. They hdp them understand how
to draw, assemble, and simulate mechanicd systems
using engineering computer software such as
AutoCAD, and SolidWorks.

The first design course, offered @ the seventh
leve, gives students an introduction to the
fundamentds of mechanicd engineering design
which covers the basic concepts and principles in the
design and andysis of machine and structurd
components. A baance between theory and design
methods is emphasized. This can be done by
preparing students for more advanced red practice in
design and for using computer aded engineering as
an important tool in the design process.

The second course, offered a the eighth levd,
introduces design methodology and techniques for
goproaching open-ended problems. Students will
work on a design-and-build project. The design
project incorporates redistic constrants and a
magority of the following considerdtions: ethicd,
economic, environmentd, manufacturing,
sustainability, safety and socid. Detailed descriptions
of the two design courses together with typicd design
projects are given in Appendix A.

The Senior Projects Program coordinates the
completion of a two-semester project seguence
required of dl Mechanicd Enginesring seniors.
Students work individudly. Each student is required
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to provide a detaled find report and a formd
presentaion to his pears (examiners). Unfortunatdy,
the contents of most of these projects are andysis
rather than design.

The authors strive to make the senior project to be
a senior design projet as a “capstone design
experience’, in which the students goply engineering
design methodology, using both andysis and
synthesis, to solve open-ended problems. And in
which the faculty member will monitor the student’ s
progress by means of informd medings, ord
presentaions, and notebook checks. In addition,
generd design issues and professiond responsibility
will be addressed in the lectures. The other two
“ cornerstong’ design courses will set the foundation
for this senior design course.

These design-project courses am to provide
students with the understanding of the profession, a
creative learning environment and positive attitude,
skills for team-based problem solving, and an
gopreciation of the need to be communicators. These
courses generdly take a*“ holistic’ gpproach to design
education by having students experience tha design
is more than a project, more than a tesmwork, more
than an ord presentaion, more than andysis, and
more than creativity—it is a comprehensive and
professiond endeavor.

The design courses ae deveoped to hdp
engineering students see themsdves as emerging
professionds by chdlenging them to devdop
leadership skills, attitudes and confidence.

Objectives

The overd| objective of these design courses is to
provide the student with an integraive experience
which ties the skills and knowledge obtained from the
curriculum to the business world.

The specific objectives of these design courses
ae (1) to instill the philosophy that red enginesring
problems ae open-ended; (2) to provide students
with good technicd cgpabilities; (3) to teach adesign
methodology; (4) to enable the students to identify
and solve theill-structured and open-ended problems;
(5) to shapen skills in criticd thinking, problem
solving, planning, scheduling, and decision making;
(6) to generate a set of distinct and cregtive design
concepts; (7) to deveop the experience and ability for
tackling problems individudly and cooperaivedy; (8)
to acquire the ahility to function on a design team; (9)
to be able to peform integrated design tasks utilizing
basic enginexring sdences and  technology
knowledge; (10) to make students familiar with legd
issues such as liability and intdlectud property; (11)
to guide students to ddiver professiond qudity

presentations; and (12) to acquire important basic
skills such as communication and | eadership.

Expected student outcomes from design courses

a Be dle to use the fundamentd steps in the
design process mode—recogni ze the need, define
the problem, plan the project, gather information,
conceptudize dternaive gpproaches, evduae
dternaives, sdect prefered dternaive, and
implement the preferred design.

b. Leantowork and communicate effectivdy both
asindividud and inteams.

c. Beable to perform and communicate the results
of amulti-disciplinary system design.

d. Beableto make decisions based on societd need
and implications, contemporary issues and
ethicd considerations.

e Be ale as a member of ateam, to complete a
design project to afinished, functioning system.

f. Use appropriate software for design, modding,
andysis, wordprocessing, presentations, email,
and Internet.

Class structure and management

Each dass is divided into 3 to 5 teams, and each
team is composed of 4 to 5 students, depending on
the design projects and paticipants avalable Since
enginearing design education places large emphasis
on developing independent thinking and leadership,
the membes of each team assign the different
responsibilities within themsdves. These
responsibilities indude team |eader, presenter, report
writer, information digger, public communicator, etc.

The enginexring design dasses are divided into
three lectures and two hours studio esch. Student
paticipation is an integrd component of the classes.
A lecture, a dass exercise and a discussion can teke
place dl in one period. The questions asked and
issues raised by the dass may guide the course of
discussion in adass. Each team has to sdect a project
from a set of projects proposed by the professor.
There are more topics to sdect from, than there will
be design projects, so that there is a considerable
flexibility in the student sdection of projects. The
students are given the freedom to sdect from the
menu of problems that is provided. The man
objective is to stimulate student motivetion. In some
cases, the students are dlowed to propose their own
topics for a project, provided it is suficiently wdl
deveoped and does not violate the theme for dl of
the projects in the course in a particular semester. The
students are required to identify, daify and andyze
problems and rdevant solutions on ther own, both
independently and as teams. All rdevant information
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such as design gods and objectives, design project
characterization, design  constrants, design
requirements, design specifications, possible design
concepts generation, evduaion, and sdection ae
determined by the students. T he role of the professor
is to provide the students with tools and guidance in
order to hdp them andyze and utilize the information
that they gaher more effectivdy and efficiently. The
professors encourage cregtivity and assure that the
students reach an acceptable end point. It has been
found that the professor's sincere enthusiasm for
students’ work can be one of the best approaches to gat
the most out of the students.

All teams are required to meet with ther professor
once a wesk during studio hours to discuss the
problems they faced, the results they obtained, and the
progress they accomplished. They ae required to
submit a biweskly report detailing ther activities. At
the end of the semester, dl teams ae required to
submit a find report and to give a find ord
presentation together with a prototype if any. Public
presentation using a poster is required from each team.

Every student is expected to mantan a bound
design notebook for the design project in this course
All student work concerning the design project should
be recorded in this notebook, induding meeting
paticipants and minutes, sketches, notes, gathered
information, idess and cdculaions. The student shoud
keep the design notebook with him a dl team
mestings and bring it to every dass and studio period
This design notebook must be submitted for evd ugion
a the end of the semester.

In order to enhance the design courses, the authors
team up with other teechers to give the project an
interdisciplinary scope that is typicd of more red-
world engineering projects. They dso used to bring
experts into the dassroom as mentors and/or guest
speskers.

Project development

Since there is no set of rules govening the
devdopment of a project from the stat to the find
report, the following suggestions are offered to the
students:

e New (or improved) systems should be desgned to
fulfill agiven requirement in the most sati sfactory
manner a thelesst cod.

e All avenues of achieving thedesired results should
be investigated to insure that one has not
overlooked a better or more economica way.

e Flexibility of thought, that is the ability to choose
and investigate a number of approaches without
losing thesight oftheoverdl god, isof theutmost
importance

o Makeuseof theexperience of others asa check on
your own work, not as a aubstitute

e Naturdly, no problem can be solved urless the
problem is defined. Satement of problem must be
dear and precise This means researching the
project inthelibrary and Internet.

e With the problem precisdy defined one must
gaher dl the facts. The ability to gaher and
understand alarge number of facts concerning the
problem may result in the ability to see a large
number of new possibilities or to perceive new
rel aionships

e When asolution begirs to take form, it is usudly
best to work for long periods of time without
interruption On the other hand, idess seem to
come best when the mind is rdaxed. Sametimes
when a solution isnot seen, it is wise to leave the
problem for awhile and then returntoit.

e Sometimes bendfits can be obtained by reviewing
your problem with others and listening to their
comments. Brainstorming a problem with aher
competent engineers or technicians is often
hel pful.

e Custom, habit or tradition ae road blocks.
Adherence to the old methods often prevents the
new idess. Thedesireto conform or to bepracticd
often limits the search for something new. Do not
automaticdly diminate new and different
goproaches or you will end up with something
dready in exigence

Design Courses Assessment

On an amnud basis, the Enginearing Design
Committee reviews the design courses outcomes.
Smal groups of faculty members who teach design
courses will meet to update the courses learning god's,
objectives, straegies and actiors. Specific data ae
gaheed and used to determine progress towards
design courses outcomes. The Enginesring Design
Committee isresponsild e for determining how wel the
design courses outcomes have been met and makes the
necessay adjustments to them based on the
information gathered.

To assure that graduates have achieved the design
courses outcomes, severd strategies and actions are
employed for each design course outcome Typicd
strategies and actions are given inTables 1to 4 The
results are the consequences of implementing the
strategies and action Each strategy, actionand resultis
rdaed to one or more of the outcomes suggested by
ABET. The use of the strategies and actions be ow
assures that dl of the expected design courses
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outcomes are addressed. T he assessment methods and
metrics listed identify the processes and procedures
used to determine the achievement of the outcomes.
These processes and procedures assure that gudents
achieve the design courses outcomes upon graduation

Student outcome A
Be aleto use the fundamenta steps in the design
process mode- recognize the need, deine the

Table 2. Student outcome B

Strategies Results ABET Assessment
and Actions (a-R Methods/Metrics
Students will  Students will be dle d g ® Ora presentation
give to presant designs for .
presentations inreview to their peers ® Written reports
design courses ® Peer evaluation
Students will ~ Students willbe dle f, g,h, i,j,k ® Design reports

write complete to gaher information

design reports _and report to agroup.

Students will  Students will have d, g ® Reports
work ongroup interpersona skills o
assignments in produce a given result
the design

courses

Participationin Students will have

® Peer review
® EXit interviews

ab,cdf, e Technica

local and experience giving g hik evauations from
regional presentations ebout audience and
conferences  independentor group judges

and technical  projects o o Prize order

showswill be professiona
encouragel audiences

Student outcome C

Students will demonstrate an ability to perform
and communicate the results of a multi-disc plinary
systems design.

Table 3. Student outcome C

problem, plan the project, gaher information,
conceptudize  dternative  gpproaches,  evduae
dtenatives, sdect prefared dtenative,  and
implement the preferred design.
Table 1. Student outcome A
Strategies and Results ABET Assessment
Actions Methods/Metrics
(a-K
Sudentswill ~ Sudentswill be C,e e Oral discussions
identify design able to present
problemand clear and canplee e Course binder
congtraints identification of the
design goal and the e Written repatt
congtraints
Sudentswill  Sudentswill be C e Designreports
setgoalsand  able to create
create action  action plan and e Faculty team
planforthe  timetablesto review
executionof  complete assigned (instructor
the project work, seek assessment)
clarification of task
requirements and
take corrective
action
Sudentswill  Students will be C.e e Designreports
generate and  able to generate
explore and explore e Course binder
alternative reasorable
designs alternativesto ® Faculty team
arriveat final review
design
Sudentswill ~ Students will be a,C e Reports
use analytic  able to select
toolsto aidin  appropriate tools ® Peg review

design process, and use them

select effectively in ® Exitinterviews
preferred developing final

alternative design

and support

final design

Student outcome B
Student will learn to work and communicae
effectively both as individuasand inteams.

Strategies and Results ABET Assessment
Actions Outcomes Methods/Metrics
(a-®
Students will Studentswillbe a,c,d ek o |nstructor
paticipaein ableto pply assessment of
teams in the basic concepts design pioject
design courses to desgn )
® Peerreview of
individual
contributions o
growp design
Required design Studentswillbe c,d,eg k o Instructor
courses will ableto identify assessment
include multi- the components )
disciplinay aad ~ and the ® Peerreview
systems anaysis  requirements of
concepts acomplex
system, ad
recognize and
identify the
varioustrade-
offs
Contemporary Studentswillbe a c hi,j, o Instructor
design poblems  familiar with k assessment
will be selected the useof )
for capstone current ® Peerreview
design technology in ® Exitinterview
design
Design @urses Students will f, g,h ® Exitinterview
will include have the
aspectsof ethical, awareness of
socia and the socid and
environmental environmenta
issues issues
Design @ursewill  Students will g ° ;
require oral and have the ability Wiitten reports
written to communicate ® Ord
presentations technical ideas presentations




J. King Saud Univ., Val. 21, Eng. Sci. (1), Ry adh (2009/1430H.)

Student outcome D

Students will show tha they can make
decisions based on  soced need and
implications, contemporary issues and ethicd
considerdtions.

Table 4. Student outcome D

Strategies and Results ABET Assessment
Actions Outcomes Methods/Metrics
(a-K
Students will Students will f.h,j ® Seminar
attend seminars  understand attendance
given by contempaay
researclers, issues and the e Exitinterviews
industry and connection
goverrment between their
workand the
needs of
society
Sudentswill be  Students will f e Ability to
introduced to be able to solve ethical
ethical condwct make problems
in all classes decisions
involving e Exitinterviews
ethical
dilemmas
Sudentswill be  Sudents will f e Sudentssign
givena not Satement
statement on plagiarize.
plagiarism

Quantitative Data

In order to assess the student overd!l deve opment
as a professiond through the design courses, a form
has been designed and the students are asked to fill it.
This indudes the student opinions about the course,
and his assessment of his own skills and professiond
preparation. Table 5 is designed to collect student
feedback on skills, abilities and atributes generdly
expected of a student passed the design courses.

Table 6 gives faculty team review—find report.
T he purpose of this survey is to afford the instructor
an opportunity to review and evduate the acquisition
and demonstration of speci fi ¢ knowledge and skills.

Table 5. Assessment of specific skills, abilities and
attributes

Useascdeofone (1) to five (5) with 1

2 = Somewha; 3 = Adequate 4

5 = Highy and NA = Not Applicable

Not At All;
Moderae

39

a. Rate your ability to apply: 12 34 5NA
e mathematicsinyou coursework Ooooo o
e physicsinyour coursewak Ooooogoo
e chemistry inyou courswork oooooo
e engineering principlesin courswork ooooao
b. Rate your ability to: 12 34 5NA
e design experiments oooooo
e conduct experiments OOOo0ood
° anah/zedata O0O0o04dano
e interpret da@a puoodd
c. Rate your ability to design: 12 34 5NA
e systansto meet desired needs Oooooo
e comporentsto meet desired reeds Oooooo o
e processestomeet desired needs OooOodo
d. Rate your ability to: 1234 5NA
e function on multi-disciplinary teams oooooo
e. Rate your ability to: 1234 5NA
¢ identify engineering problems Ooooo o
o formulate engireering problems oooooo
e solve engineering problems minininEls
f. Rate your understanding of: 12 34 5NA
e professional responsibility O0O00 0
o ethical responsibility O0o0o 0
g. Rate your ability to use: 1234 5NA
e professional speaking skills Oooooo
e media presentation skill s ooooo o
e professional writing skills minlnlnnls
h. Rate your understanding of the impact of: 1 2 34 5NA
e engineering solutionsin a global context Ooooo o
e engineering solutionsin a societal OOoooog
i. Rate the following statements: 12 34 5NA
e | recognize the needfor life-long learning Oooooo
e | have theability to engage inlife-long

learning OOOoOoog
j. Rate your knowledge of: 12 34 5NA
e contempaay issuesasthey relate tomy oooooo

profession
e contempaay issuesasthey relate to society [
k Rate your ability to use necessary: 1234 5NA
e techniquesfor engineering practice O0oooo o
e ddllsfor engineering practice Oooooo
e modern engineering toolsfor engireering oooooo

practice
I. Rate your ability to apply advanced 12 34 5NA

mathematics through:

e multivariatecalculus oooooo
o differential equations OOOoooo
m. Rate your ability to apply: 12 34 5NA
e dtatisticsto problem in mechanical

engineeringp oooodo
e linear algefra to problemsinmechanical Ooooo o

engineering
n. Rate your ability to demonstrate 12 34 5NA

knowledge of:

e chemistry OO00aod
e physics ooOoOooo
0. Rate your ability to workprofessionally in: 1 2 34 5NA
e thermal sysems oOoooon
e mechanical sysems I o
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Table 6. Faculty team review-final report

Througho ut the phase of the project,
the team demonstrated the following
CORE knowledge, skills,

and abilities:

IV 1V ION
N JeyMeWos
w  TeYMBWOS

[EEN

SleISPo N

N
ol

ubiH

9|qedi|ddy 10N

Analytical Skills

Applieslogic in solving problems and
analy zes problems fram different points
of view. Trandates academic theory into
practical applications using approgriate
technical techniques, pracesses, and
toals.

Creatiwe Problem-solving

Suggests new approachesand challenges
the way things are nomally done.
Developsmary potential solutions to
problems.

Systems Thinking

Understands how events interrelate and
demongtrates anability to take new
information and integrate it with past
knowledge. I ntegratesand uses
knowledge from various courses,
including engineering, phy sics,
mathematics, and social sciences, to
solve technical problems.

Communication Skills
Articulatesideasin a clear and concis
fashion and uses facts to reinforce
points. Written materials flow logically
and are granmatically correct. Plans and
delivers oral presentations effectively .
Usestechnology and graphicsto support
ideas and decisions.

Teamwork

Eachmember contributesa fair share to
the completion of the prqg ect. Every ore
participates, listens and cooperates with
other members. Memters share
information and help recorcile
differences of opinionswhen they accur.

Research Skills

Uses camputer based and other
resources efectively, thus acquiring
information fram multiple sources.
Organizes and interprets data
appropriatly . Designs and condicts
experiments to validate theories.

Life-long Learning
Learnsindependently andcontinuously
seeks to acquire new knowledge.
Exceeds hasic requirements of an
assignment and kringsin relevant
outside experiercesto provide advarced
solutions to the problems at hand.

Project Management

Sets goals, prioritizes tasks and meets
projectmilestones. Seeks clarification of
task requirements and takes corrective
action based uponfeedback fran

others. Creates action plans and
timetables to canplet assigned wak
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This review will take place & the conclusion of the
find report phase of the Design of M echanicad
Systems II. T he faculty member's assessment will be
recorded on this review form. A copy of the
completed evaduaion will be given to the student
team as additiond feedback on their performance

Table 7. Analysis of design courses’ outcomes based on the
students data in the last ten years

a | Ability to apply knowledge o math, engineering, 3
and science

b | Ability to design and conduct experiments, ability N
to analy ze and interpret data A

c | Ability to design sy stem, camporent or pracessto 4
meet needs

d | Ability to function on multi-disciplinary teams 2

e | Ability toidentify,formulate, and solve 4
engineering problems

f | Understanding of professional and ethical 3
responsibility

g | Ability to communicate effectively 3

h | Broad education 3

i | Recognition of needand ability to engage in life- 2
long learning

i | Knowledge of contemporary issues 3

k | Ability to use techniques, skills, and toolsin 4
engineering practice

Table 7 presents the andysis of design courses
outcomes (ME 301 and 401) based on the average of
students' data over the last 10 years. The daa are
collected a the end of the semester by distributing
and asking the students to fill out forms containing
Table 5. Statisticd andysis isbeing performed on the
collected data each semester, but the results are not
induded here due to the restriction on the length of
the paper. Neverthdess, Table 7 shows the mgority
of the d ements which students have gained in dedling
with these kinds of design courses tha cdl for
extensive skills. For example, students have shown
low abilities in gpplying simple basic information in
math, science and engineering. Moreover, dements
such a in (k) showed that students have had
considerable amount of knowledge gaining. This
means tha students could work with technicd tools
and be creative in deding with them in order to
perform certan programs. The table dso indicaes
that dements such as (¢) and (€) showed tha students
have had an extensive avaling of knowl edge and
skills. For instance, throughout the study, students
showed their creativity in designing systems as well
& the skill in identifying, formulating and solving
engineering problems. Findly, the results have shown
dso tha dement (d) had the lowest rank among the
rest of the others. This means that, unfortunatdy, our
students have shown abad cooperation in teeam work.
This result indicates that the students prefere to work
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individudly and the sharing of project loads is not
done equdly. In order to overcome this, we suggest
to introduce teamwork in the ealy years of
enginegring educaions and continue impe ementing
it across the curriculum.

Concluding Remarks

In this paper, an assessment of the student outcomes
from the design courses has been presented and some
relaed results havebeen highlighted and d scussed.

Teeching criticd knowledge, skillsand attitudes as
demonstrated in the design courses must be student-
centered, where the teaching faculty members are
viewed as | earning coaches, fadlitators and guidesin
the learning process. Learning activities that refl ect
red-world situations must engage students in
individud and collaboraive problem-solving,
andysis, synthesis criticd thinking and reasoning.

The students should understand how to generae
design specifications, and how to proceed from design
specifications toafind product. Thiswould emphasize
that engineering designisthe crucid component of the
product redization process, the means by which new
products are conceived, devdoped, and brought to
market. New teaching and | earning gpproaches must be
put to use that heighten practicd learning and dlow
students to demonstrate the gpplication of their studies
to red-world dtuatiors.

It is recognized tha strong improvements in
engineering design teaching can be accomplished
through strong, knowledgesble, enthusiastic faculty
who interact with a broad base of colleagues in
industry as well as academe.

The problems rdaing to projet design
management issueindude (&) student’ s time scalop
(thetendency to increase effort exponentidly as the
find deadline gpproaches); (b) potentid laggardsin a
group (students doing little work and getting credit
for the group’s results); and (c) students lacking

gopropriate work documentetion habit. We still work
on solving these problems.
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APPENDIX A

A.1. Course Description and stairs.

2. Design an automatic ddivery machine to move
ME 301 Design of Mechanical Systems | products to sdected locations in warehouses.
4(3,1,2) 3. Design an improved bicyderack for cars.
Introduction to design process. Review of staic 4. Design awheded, multi-articula ed robot, which
falure theories. Designing against faigue falures. is able to operate autonomously in sewerage
Elements design: shdts, powe screws, bolted, systems. To manage the robot in the hazardous
riveeed and weded joints. Design of Elements: environment of sewers, the robot has to be
bearings (journd and anti-fri ction); springs. designed very carefully.
Prerequisites by Course: 5. Design asolar bicyce hybrid.
ME 354 (Mechanics of Ma erids-I 1) 6. Design and manufacture an exhaust heat utilizer.
ME 361 (Mechanics of Machinery) 7. Design adeep freezer with 4 to 6 baskets so that
ME 355 (Processing of Enginearing Materids-1) is essy to access the back and bottom of the

freezer.

ME 401 Design of Mechanical Systems 11 8. Design an innovaive internad combustion engine
3(2,1,2) 9. You, theinformation technology (IT) generaion,

Design process, origin and identification of
enginering  design  problems;, creaivity in
engineering design; technicd andysis; human and
legd factors; problem and decision making; design of
spur and helicd gears; design of dutches and brakes;
miscdlaneous power transmission components;
communi cating the design; term design project.
Prerequisites by Course:

ME 301 (Design of Mechanicd Systems )

A.2. Typical Term Projects

1. Design adeviceto hep blind peopleto wak and
cross stregts. The device should detect objects

have grown up with technology filling every
aspect of your lives. You have become
accustomed to voice and text communicaion
with cdl phones. However, the current standard
of text messaging is not compatible with the
existing car environment. Typing text on the
smdl cdl phone keypad using the tiny display
for feedback requires a great ded of atention,
endangering both the driver and those they share
the road with. You are asked to devedlop a new
text entry system tha adapts and integrates the
cdl phone keypad to the unique chalenges of the
driving environment.
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