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Abstract: Inthispaper, the devel opment and courseware analysis of agraduate
electrical engineering coursetitled“Real- Time Control Systems Design” are reported.
Thiscoursecomprisesof alectureand |aboratory component wherethe studentsare
expectedtotransformtheir theoretical knowledgeintoaviableteamlaboratory design
and present theresultsto theentire class. Course contents, digital signal processing
system, and sometypical experimental resultsarediscussed. Thisisfollowed by the
use of Myers-Briggs Typelndicator to analyzethenoticeabl edecorrel ation between
lectureand laboratory performances. A number of recommendationsaremade to
improvethelearning environment aswel | asstudent assessment criteria.

(1) Introduction

Engineeringdiffersfrommost other educationfieldsinthat thegraduatesareexpectedtobeableto
transformtheir classroom experienceinto theindustrial environment which requirescritical thinking,
design abilities, team-work, management skills; inadditional tofundamental scientific/engineering
knowledge. Thedefinitionof aqualified graduate, fromtheeducational institute’ sperspective, should
reflect thestudent’ sability tothriveintheindustry. Standard classroomeval uationisheavily based on
individual paper accomplishments: assignments, quizzes, exams, term projects, etc. Whiletheseare
effective measures, aserious gap remainsin assessing the student’ s ability with respect to the
abovementionedindustrial criteria. Traditionally, graduateengineering education appeal stoafocused
group of candidates. thosewhowishto pursuean R& D career. However, withthechangesin

technol ogical integration, amaster'sdegreeisnow almost anecessary requirement for professional
competitivenessand growth acrossall el ectrical engineering (EE) subfields. Theinflux of “ non-traditional
students” into the EE M aster degree program poses special challengeto the curriculum design and
student assessment processeswhicharefurther affected by thefollowing conditions:

EE graduatelevel coursesaretheoretically oriented withlittleor no experimental work.
Assessment isdominantly based on assignments, examinations, and " paper” projects.
Thesisisnoloner required and most students choose the course-only option.
Part-time students constitute amajority of the student body.

Over the past decade, many observationsand commentsabout the changing demographics of graduate



students, especially at themaster'slevel, havebeen made. Specifically, itisgenerally considered that the
studentsarenot as"good" asthey used to be. However, It hasal so been observed that the best
students, in termsof indicators such as GPA, are not alwaysthe onesto excel intheir careers.

The central issuesfacing academicinstitutionsarethen:

e How to assess student performance with respect to a broad- spectrum academic/industry
benchmark.

e How to providealearning environment so that the studentscanrealizetheir full career potential.

e How to improve team-work and communication skills.

Thispaper discussesthesummary analysisof an el ectrical engineering graduatecoursetitled " Real-time
Control Systems". Thiscourse hasbeen offered to graduate studentsfrom el ectrical engineering,
mechanical engineering, and computer sciencesince1992. Although control systemshaveawiderange
of engineeringapplications, e.g. aerospace, chemical, civil & transportation, manufacturing, mechanical,
power, etc., graduatelevel control systemscoursesareusually presentedinahighly mathematical and
theoretical manner; thereby filtering out al arge popul ation of studentswho aremoreexperiment
oriented. "Real-time Control Systems™", on the other hand, comprises of atheoretical component and an
experimental component: the studentsare required to team- up, design/construct amotion control
experiment, and apply control systemstheory knowledgefromthelecturesso asto meet the
performance specificationsof theexperiment. Finally, thestudentsareeval uated on their knowledge of
theory (assignmentsand exams) and experimental projects.

Over theyears, awidening decorrel ation betweentheoretical and experimental performancesis
observed with the class grades resulting in abimodal distribution.

Preliminary analysisquickly reveal ed that thisdecorrel ationtrend haslessto dowith gender, ethnicity,
or theaverage GPA of theclass. Rather, thetrendisaresult of adiversifying graduate student body
whoseprofilebearscloser resemblanceto undergraduate cohortsthantothetraditional graduateones.

Inorder tofurther analyzethistrend, anumber of psychol ogical testinstrumentshavebeen considered
and it was determined that the Myers-Briggs Type Indicator (MBTI) wasthe most appropriate. A brief
discussion of the MBTI isgivenin Section 3 of this paper.

A number of resultsdescribingtheroleof MBTI inengineering education havebeenreported. For
example, theuse of MBTI in curriculum analysisand designwasdiscussedin[1]. In[2] experimental
confirmation of therel ationship betweenM BT, variouspsychometricfactors, and categoriesof
cognitiveactivitieswasobtained. MBTI wasal so used asapart of aprofileanalysisto predict student
performanceinafirstyear chemical engineering course[3]. In[4] theuseof MBTI for teamformation
was discussed.

In[5] agroup problem-solvingmodel, basedon MBTI, wasintroduced to addressstudent deficiencies
in problem solving skills and teamwork. MBTI wasused to predi ct academic successand subsequent
career satisfactionfor engineering studentsin[6]. In[7], theauthorsused MBTI aspart of astudent
portfoliofor biological engineering studentstoinitiate student-centered learning.



(1) Coursedescription

EE664 “ Red -time Control Systems’ isamultidisciplinary first year graduatelevel courseintendedfor a
broad range of studentsincluding thosefrom el ectrical\computer engineering, mechanical engineering,
computer science, and applied physics. Aswith other electrical engineering graduate courses, real-time
control deal swithapplication of theory toreal world problems. Althoughthecommonapproachis
classroomdissemination, thiscourseisdesigned with an experimental component for the following
reasons.

e Toprovidethestudentswith better understanding of theapplicationthrough hands-on experience.

e Tomotivatethe studentshby challenging them to compete with each other.

e Toimproveteamwork and communicationskills.

The experiment is free-structured where each team, consisting of two to three students, isgivenan
Airpax DCmotor, anLM675 high current operational amplifier, and small machinetools. Thegoal isto
design, build, and control asinglelink robot armto rotate a

50 gram load with aradius of 10cm to 90 degrees +/- 1 degree with lessthan 25% overshoot andin
minimumtime, whileholdingtheloadinthat positionfor at |east two minutes. Block diagram of the
singlelink robot arm systemis show in Figure 1 whereas the control system block diagramisshownin
Figure2. Thestudentsarefreeto design andimplement the hardwareplatform, sensors, and control
software.
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Figure 1: Block Diagram of the Single Link Robot Arm.
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Figure 2: Block Diagram of the Experimental Control Systems

Sinceitsinitial offeringin 1992, thiscourse hasundergoneanumber of revisionsto reachthe present
format. Theinitial experimentsarestandardizedkits(DC servomotor/Heat exchanger), whicharesimple
tooperatebut do not adequately challengethestudents. Therevised experimental format providesa
great deal of technical freedomtothe studentswho areresponsi blefor thedesign, build, and control of
the system. With the same motor and power amplifier, the students compete on afairly leveled playing
field. They areevaluated according to thefollowing

20% Hardware design and build quality
25% Experimentation and data

10% Innovation and creativity

30% Analysisand discussions

10% Presentation and communication skills
5% Documentation

Attheend of the semester, eachteamisallocated a20 minutestimesl ot to present their project and an
additional 5minutesfor Q& A. Eachteammember iseval uated separately, althoughthegradesare
generally correlated within each team.

Thelecturematerial sare designed to mesh with theexperiment. An outlineof thecourseisshown
below:

Week Topics

Introduction to real-time control systems

Architecture of DSP systems:. the TM S320C25

Programming the C25

Properties of sampled datasystems, review of Z transform
Solutionstomatrix differenceequations, reachability, observability
Poleplacement, observer design, and separation principle

Mid-term Examination

Controller design |: Parameter optimized controllers-PID controllers
Controller design I1: State controllers-L QR and industrial regulators
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10 Controllerdesign|Il: Feedforward, command shaping, and deadbeat controllers
11 Experimental issues: plant identification, sampling rate selection

12 Implementation and numerical issues: scaling, modul ar realizations

13 Practical issues: saturation, delay, reset windup

14 Experiment/proj ect presentation, review

15 Final Exam

The lecture grading scheme is based on homework, amid-term and afinal examination.

(I11) Myers-Briggs Type Indicator and its applicationsin engineering

education

TheMBTI Personality Inventory isbased on Jung’ stheory indi cating how theinteractionsamong the
preferencesof perceptionand judgment (mental functions) and attitudesof orientationtoward external
worldwouldresultin 16 distinctive personality types. TheMBTI ismost often used by educatorsto
identify students' learning stylesand by Student Affairsprofessionalsto provide career guidanceand to
improvestudent retention. Management consultantsutilizetheinstrument to devel opleadershipand
group dynamic/ teamwork training among empl oyees.

The MBTI Personality Inventory identifiestwo opposite preferencesfor each of thefour scales. 1) the
El scale, wheredoesonepreferstofocusone’ sattention? Peoplewho prefer extraversiontendto
direct their energy intheouter world, communicatemoreby talking, likeactionandvariety. People
whoprefer introversiontendto bethereflectiveobservational learningtype, likelectureformat. 2) the
SN scale, how doesoneacquireinformation? Sensingtypetendsto haveconcreteexperiential learning
and/or abstract sequential learning styleswith high factual retention. Intuitivetype, onthe other hand
tendsto beabstract conceptual |earner, highinacademiccomfort, reflectivejudgment and likessel f
directedlearning. 3) the TF scale, how doesonemakedecisionsor draw conclusions? Thinking types
tendto beboth abstract conceptual and sequential learner and haveatalent for analyzingaproblemor
situation. Feelingtypestendtobeconcreteexperiential |earner and/or abstract random|earner. 4) the
JP scale, how does one orient toward the external world? Thosewho prefer judging tend to be
abstract conceptual learner, likestructureand seek motivationinlearning, highinfact retentionand
academiccomfort. Thosewho prefer perceivingaremorelikely to show concreteexperiential learning
style, activeexperiential learning and collaborativelearning.

Accordingto[9], the SPsand the SJseach compriseroughly 38 percent of the popul ationintheUnited
States, whilethe NTsand the NFscomprise 12 percent of the population respectively. In this study
sample, thereare6 NTs, 1 NF, 15 SJsand 5 SPs. SJtypes (55% of thisstudy) are often labeled as
“good student” in academic setting becausethey val ued hard work and demonstrated dependability.
They do better in theory class when they canfollow outlinesand if theteacher pointed out how the
theory appliestothereal world beforeclass. Theresearchindicatesthat aslong aswhat they are
studying arefactsor procedures, they arecomfortable. Ontheother hand, if the SIsare expected to
speculate, invent, orimprove, they oftenfail todeliver satisfactory performancedespitetheir studious
dependability. SPtypes(19% of thisstudy, despiteits38% representationingeneral population) are



least represented in higher education and tend to havelowest correl ation between academic ability and
GPA. Thislow survival rateat therigorousacademicenvironmentisresulted fromtheir inclinationsto
searchfor optionsandtoleavetasksunfinished until thevery last minute. NT types (22% of this study)
arelargely represented in science and engineering fields.

Aforementioned, asuccessful engineering professional inthetwenty-first century requires acommitment
for lifelong learning, quality of teamwork spirit and ability for project management. MBTI typology
providesindividualswith avenuesfor self-awareness and possibilitiesfor human growth aswell as
professional development. Onrespondingtothedemandfor accountability inhigher educationand
partnerships with businesscommunity the graduate engineering programsarecompelledtodesign
curriculumthat would addresstheseconcerns. TheMBTI Inventory could beoneof theinstruments
that theeducatorscan adopt to better preparefuture engineerswith technical skills, knowledge and
professiona qualities.

ApplyingtheMBTI typology ingraduateengineering classeswill enableeducatorsto accomplishthe

following benefits:

e Develop curriculumto support and challengeall types.

e Facilitatethelearning process of team project by recognizingindividual strengthsand introducing the
elementsof complementary working stylesamong oppositetypes.

e Adoptdesirableassessments, aholistic approach, that warrantsadequateeval uationsof student
performance.

Asfor engineering students, they would be madeaware of variouslearning stylesand obtain optimum
learning outcomes. Furthermore, they areabl eto devel op competenciesintheareasthat areperceived
astheir weaknesses. Throughtheintroductionof MBTI typology, theauthors hope to instill self-
confidenceamong engineering studentsandtointentionally challengestudentsdevel opingthoseskills
that areidentified as“inferior”. Last but not least, wethink that one of the strategiesto addressissueson
academic persistenceand student retention in engineering programisto administer MBTI Inventory
early incollegeeducation. Any effortinacknowledgingindividual differencesandin providing supports
for diverselearning typeswill definitely enhance academic comfort among at risk students and hence
increase college retention.

(V) Hardwar e consider ations

Toencourageinnovativenessand senseof responsibility, eachteamisrequiredtodesign, build, and
integrate the front-end el ectronics, mechanical system, and thedigital signal processing unit. The
interface el ectronics consists of apre-amp filter for the sensor signal and apower amplifier based onthe
LM675. Asidefromafew occasional groundingerrors, theinterfaceel ectronicstask isfairly
straightforward and istypically completed within 1-2 weeks. The mechanical systemismorechallenging
sincemajority of thestudentsdo not havemachinetool experience. Thisisespecially problematicwith
someinternational studentswho underwent atraditional blackboard curriculum. However, thistaskis
alsoamong of themost beneficial inthat thestudentsareexposed to standard engineering prototyping
cycle: planning, component sel ection, design, build, andimprovements. Thestudentsalsolearnone
important |esson: the mechanical system must bewell designed and well builtin order to havea



consistent, linear model for control systemdesign. Themost popul ar sensor isaprecision potentiometer
with ball bearingsand linear resistance. The second choiceisan optical encoder, which has better

resol ution but requiresfurther digital interface. Themotor shaft and sensor alignment aswell asthe
rigidity of themount arethetwo most important factorsaffecting thedegree of linearity andtime-
invariance of the plant. Assembly of the mechanical system takes 4-5 about weeksto complete. Some
typical designsareshowninFigure 3 (withtop support plate) and Figure4 (withaxial mount).
Depending onthetypeof sensors, thematerial cost of themechanical systemisaround $40.
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Figure 4: Singlelink robot mechanical system with axial mount

(V) Softwar e consider ations
Softwareisimplemented onthe TM S320C25 fixed point digital signal processor. While afloating point
processor may bemoreconvenient for codedevel opment, thefixed point processor offersanumber of
pedagogical advantages.
e Fixedpoint DSParchitectureissimpler and can beproperly coveredin 3lectures
e |ssues such asword-length, resolution, etc. are more pronounced in fixed point processorsand
thestudentsarethereforemotivated to apply scaling, modul ar programming, and proper



documentation.

The TMS320C25, shown in Figure 5, isasecond generation fixed point DSP with amodified Harvard
architecture and thefollowing features:
e 80-nsinstruction Cycle Time (50MHz Clock)
e 4K Words of On-Chip Program ROM
e 544 Words of On-Chip RAM
e 128K Wordsof Total Program/Data

o Vectoredinterrupt
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Figure 5: TMS320C25 Architecture

The TMS320C25 is packaged in a Dalanco-Spry Model 250 DSP Board with 128K words of dual
ported memory, 16 channel anal oginputsand 2 channel anal og outputs. Suchfeaturesareadequatefor
most mechatroni csprojects. Thesoftwaretool kit includesadebugger, anassembler, and arun time
library. A typical real-time control program consists of the stepsshownin Figure 6. A template
assembler program providesthestudentswiththeinitialization, interruptjumptable, and overall program
structure. An on board, 5 MHz, 16-hit counter regul atestheanal og/digital conversion (sampling) rate.

Completion of the conversiontriggersan external interrupt (1 N 1), whichishandled by an interrupt
serviceroutine (ISR) shown below. Infact, the | SR executesthe control codeswhilethe main program

isprimarily anidleloop.



Figure 6: Interrupt serviceroutine based sampled datasystem

Sel assembler directives

Setinterrupt mask

Initiglize variables and counters

Main Program
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Theskeleton codeassembl er fragment for theinterrupt serviceroutineisshown below. Thisinterrupt
serviceroutine (ISR) and various house keeping codesare given to the studentswho are then expected
toinsert their control algorithmsinto the ISR.

; interrupt 1 handler

intl ser:

in t enp, ADPor t ;
; insert user contro
out tenp, DAPort;
; stores data in dual

reads data from A/ D converter
codes here
outputs the control to DA converter

ported nenory pointed to by auxiliary register

; data length is stored in auxiliary register 0

lac tenp

larp 1

sacl *+

| arp 0

banz next
done b done
next nop

1
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(V1) Coursedataand analysis

Thestudentsareeval uated by bothwrittentestsand experiment performance. Thiscombinationisfound
to be particularly helpful to provide a broad- spectrum assessment of engineering abilities. Furthermore,
theneedto apply lecturematerial stoareal experiment andto competewith other groupstendsto
motivate the students (the so-called “Motivation-by-Challenge” approach).
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Figure 7: Experimental response: left (good design) and right (bad design)

Twotypical experimental responsesareshowninFigure7: thegraphontheleftisobtainedfroma
groupwithgood hardware/control designwhereasthegraph ontheright resulted fromsloppy hardware
and software. Since 1992, EE664 Real-time Control Systemsisgiven at every fall semester with
environment restrictedto 15. For alimitedtrail, MBTI wasadministeredintwo consecutiveyearstothe
class(Setl and Set2) for detailed analysis. Along with the MBTI, other relevant datainclude: theory
grades (based onwritten tests), experiment grades, andindividual GPA.

(A) MBTI typedistribution

Thedistributionissummarizedin Table 1 below wherethe 16 typesare arranged in a4-by-4 matrix.
Three sets of dataarelisted: CAPT/MBTI, Setl/EE664, and Set2/EE664. CAPT/MBTI represents
datafrom Center for Applicationsof Psychological Type-MBTI dataBank for undergraduate

€l ectrical/el ectroni csengineering students. Set1/EE664 and Set2/EE664 arethedatacollected from the
Setland Set2 classesrespectively. Itisobservedthetypedistributionsof the Set1 and Set2 classes
correlatewell withthe CAPT/MBTI data. Itisfurther noted that, for thetwo classes:

e S Jtypesconstitute the most significant core of the student body (38% for Setl and 69% for
Set2).

e |toEratiovariesfrom 3.8 for Setlto 2.1 for Set2.

e Thestudentsaredominantly T type.



ISTJ
CAPT/MBTI: 17%
Set1/EE664: 18%
Set2/EE664: 31%

ISTP
CAPT/MBTI: 10%
Set1/EE664: 21%
Set2/EE664: 0%

ESTP
CAPT/MBTI: 0%
Set1/EE664: 7%
Set2/EE664: 8%

ESTJ
CAPT/MBTI: 9%
Set1/EE664: 14%
Set2/EE664: 15%

(B) Classdata

Table 1. MBTI Distributions

ISFJ
CAPT/MBTI: 9%
Setl/EE664: 14%
Set2/EE664: 15%

| SFP
CAPT/MBTI: 2%
Setl/EE664: 0%
Set2/EE664: 0%

ESFP
CAPT/MBTI: 2%
Set1/EE664: 0%
Set2/EE664: 0%

ESFJ
CAPT/MBTI: 4%
Set1/EE664: 0%
Set2/EE664: 8%

INFJ
CAPT/MBTI: 2%
Set1/EE664: 0%
Set2/EE664: 0%

INFP
CAPT/MBTI: 6%
Setl/EE664: 7%
Set2/EE664: 0%

ENFP
CAPT/MBTI: 7%
Set1/EE664: 0%
Set2/EE664: 0%

ENFJ
CAPT/MBTI: 2%
Set1/EE664: 0%
Set2/EE664: 0%

INTJ
CAPT/MBTI: 13%
Setl/EE664: 14%
Set2/EE664: 8%

INTP
CAPT/MBTI: 6%
Setl/EE664: 7%
Set2/EE664:  15%

ENTP
CAPT/MBTI: 6%
Set1/EE664: 0%
Set2/EE664: 0%

ENTJ
CAPT/MBTI: 7%
Set1/EE664: 0%
Set2/EE664: 0%

Four setsof dataarecompiled: theory grades, experimental grades, combined grades(usinga60-40
weightingfor theory and experiment), and cumul ative GPA.. All scoresarenormalized to 100%. For the
Set1 class, the bar graphsand the composite plots (with GPA) are shownin Figures8-9. Similarly, for
theclassof Set2, thebar graphsand thecomposite plots (with GPA) areshownin Figures10-11.
Plotting the GPA curvealong with theory, experimental, and combined curves obtain avisual indication
of the correlation of the curves.

For the Set1 class, it is observed that:

1. Thebesttheory gradesare predominantly scored by SJtypes.

2. Thebest experimental gradesaremostly scored by theteamswithiNtuitivetype members.

3. Thelowesttheory gradesarescored by Ptypestudentswhilethelowest experimental grades
scored by Sensing type students.

4. FromFigure4,itisnotedthat the GPA curvecorrelatesvery well withthe Theory curve
(correlation coefficient = 0.63). On the other hand, the experimental grades correlate poorly
withthe GPA curve(correl ation coefficient =0.1). Thisisperhapsnot surprisingsincethe GPA
reflectsmostly structured, classroom performance.

5. Asaresult of combining theory grades (60%) and Experiment grades (40%), two “theorists”
(ISTP, ISFJ) suffer overall gradereduction (fromusing theory gradesal one) whiletwo N type
students obtain grade boost.

6. Etypestudentstendtobemorevisibleandvocal inclass. However, thisstronger classroom
participation doesnot trand ateinto noti ceabl e performancegainin either theory or experiment.



For the Set2 class, similar observations are made:

Lo

Best Theory grades. ESTJ, INTJ, ISFJISTJ.

Best experimental grades. teamswith INTP, ISTJ, INTImembers.

3. Lowest Theory grades. ESFJ, ESTJ, INTP. Lowest experiment grades. TeamswithISTJ
members.

4. FromFigure7, correlation betweenthe GPA curveand Theory Curveishigh(correlation
coefficient 0.74) whilecorrelationwith experimentislower (correlation coefficient=0.48).

5. Asaresult of combining Theory and Experiment grades, onestudent (ESTJ) suffer fromgrade
reductionwhilethreeothers(INTP, ESFJ, ESTJ) receivegradeboost. It shouldbementioned
that the INTP student performsthe best experiment and therefore recelves the biggest boost.
Thetwo ES_Jstudentshavelow gradesto beginwith and have benefited fromtheteam nature
of the experimental work.

6. Performancedightly correlateswith| typeinstead of themore* active” E type.

N

(C) Discussionsand Recommendations

Fromtheabovedata, itisobservedthat thetwo classesexhibit similar characteristicsintermsof MBTI
distributions, GPA, Theory and Experiment performances. Themost notabl efeatureisthat Experimental
abilities (for free-structure experimentsthat requireinnovation and creativity), the N-type students
consistently outperformtheother types. However, thisability isnot reflectedintheir GPAssincealmost
all graduate EE courses aretheory-based. The S_Jtype studentsthrivein ahighly structured
environment (i.e. good standard classroom performance) but arelessapt todoinga“real” engineering
project. The Ptypeismore problematic (with respect to the EE curriculum) inthat they tend to
procrastinate and leave many loose ends. Finally, it isfurther observed that team with amix of N type
andS_Jtend producethebest experimental resultsasthey arecomplementary toeach other.

Eventhoughthestatisticsinthispaper islimited, theconsistency of datatrend neverthel esswarrants the
following recommendations:

e Reconsider assessment criteriafor Master level EE students. M oreemphasi sshould beplaced
on experimental projects, team-work, and communication skills.

e MBTI should beusedin hel ping studentsto modify their work habit and to form teams with
complementary types.

e Particular attention should be paid to the F and Ptype studentswho tend to experience
difficultiesin EE program.

e Designcurriculumand programto accommodateand challengestudentsof different types.

Theexperienceof thiswork demonstratesthat studentsbenefit fromtheconcept of MBTI typol ogy and
perceivetheindividual differencesmoreinlight of working stylesthanonapersonal level. Furthermore,
theacknowledgement of one’ sstrength & weaknesses empowers studentsto overcometheir academic
difficultiesby focusingonskill building and ultimately to devel op competenciesrequiredfor their
engineering profession.
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(VII) Conclusions
Thispaper describesthedevel opment and performanceassessment for amaster level electrical
engineering coursetitled: “ Real-time Control Systems”. This course adoptsthe* motivation-by-



challenge” approach by incorporating anexperimental designmodule. Thisteam project hasconsistently
been rated by the studentsasthe best features of the course. However, it isfrequently noted that the
theory and experiment gradesdid not correlatewell. In order to hel panalyzethisdiscrepancy, the
Myers-Briggs Typelndicator inventory wasadministered to theclassof Set1 and Set2. Theresults
provided an extraanal ytic dimension and led to the conclusionthat personality types/learning stylesplay
animportantroleinstudent “ performance” in (1) ahighly structured classroomenvironment and (2) a
free-structureexperimental project. Traditional graduateassessment criteriaheavily biasedtowards the
classroom environment so that studentswith excellent hands-on and creative skills are not evaluated
adequately. Giventhat amaster degreeisbecominganecessary requirement for practicingengineers, a
broad based assessment mechanism that include analytic ability, creativity, hands-on ability, and
communication skillsshould bedevised andimplemented.
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	Figure 2: Block Diagram of the Experimental Control Systems
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