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Abstract - One of the barriers for engaging engineering 
faculty in the scholarship of learning and teaching is the 
challenge of learning a new vocabulary.  Becoming 
fluent in engineering education requires the acquisition 
of new concepts and ideas that are often expressed in 
unfamiliar terms.  Feedback control is a technical field 
common to a range of engineering disciplines that can be 
used as a model to help bridge the conceptual gap 
between traditional engineering and engineering 
education.  Many of the key elements of engineering 
education can be represented by the elements of a 
feedback control system, with their behaviour in a 
learning environment paralleling their behaviour in a 
process control context.  The feedback control model can 
be used to explain: the importance of timely feedback to 
students, the significance of assessment and evaluation in 
the learning process, the impact of learning styles upon 
learning outcomes, and the need for student-centered 
teaching approaches.  While both fields have 
complexities that cannot be captured by simple models, 
the basic ideas can be explained simply.  Feedback 
control metaphors make the basics accessible to a wider 
audience of engineering faculty. 
 
Index Terms – Feedback Control, Formative Assessment, 
Summative Assessment, Program Evaluation 
 

INTRODUCTION 

Despite the fact that almost all engineering faculty teach, the 
vast majority have formal training in an engineering 
discipline rather than engineering education.  These faculty 
members often lack a fundamental conception of the 
assumptions, beliefs, and foundational concepts of 
engineering education.  In the engineering education 
literature concepts such as assessment and evaluation are 
key to understanding the field, forming the language and 
structure of the discipline of engineering education.  
Communication with colleagues focused on technical 
engineering disciplines can be hampered when education-
specific terminology is used.  Such breakdown in 
communications can lead not only to a lack of 
understanding of how students learn, but an active disdain 
of engineering education as “fuzzy studies”.   

Could communication be improved if technically 
trained engineers had a better understanding of how 
engineering educators viewed and approached their 

discipline?  It is possible that such understanding can be 
built by finding a common language that engineers, whether 
technically or education focused, can share?  Due to the 
overlap between engineering education and education, 
sociology, and psychology, engineering education will, for 
the foreseeable future, need to keep a specialized jargon that 
describes concepts unequivocally.  However by making 
analogies with concepts well understood by engineers across 
multiple disciplines, the communication barrier can be 
lowered.  

This paper presents a set of analogies between ideas 
common to engineering education and ideas of control 
theory.  Control theory is common to most engineering 
disciplines, and chemical, electrical, and mechanical 
engineers are particularly well versed in these ideas.  
Control theory additionally has developed a set of schematic 
diagrams where different parts of a system are broken down 
into functional units, and the behavior can be understood, at 
least in a global sense, by a relatively simple diagram.  The 
remainder of this paper examines specific, and basic, 
concepts of control theory, and in each case makes an 
analogy with assessing and improving student learning.  In 
each case well-known, textbook behaviors of systems are 
explored and similarities between the predictions of control 
theory and assessment of learning objectives are made.   

This paper does not claim to make an exact match 
between engineering systems and students nor claim that all 
results of control theory have a matching analog in 
engineering education.  Rather by offering analogies, or 
perhaps “technical parables”, it is hoped that the 
communication toolbox of the engineering educator can be 
improved.  The remainder of the paper explores both open 
and closed loop control analogies.  A set of short vignettes 
is presented covering examples of increasing sophistication 
in control and education.  The vignettes are sequential in 
that each adds an additional element to improve the process 
outcome, at the cost of complexity.  The goal of a series of 
vignettes is to assist faculty whose background is primarily  
engineering take the “next step” in improving course 
outcomes. 

THE OPEN LOOP MODEL 

Perhaps the most fundamental control system is the “open-
loop” model.  In control theory open loop systems are used 
when the system to be controlled is well defined.  Examples 
of open-loop control systems are toasters or washing 
machines.  Although the process can be adjusted (toast 



9

d
w
w

e
1
th
k
O
w

s
c
in
l
l
s
s
s
T
o
w
 

F

 

m
D
l
a
o
“
e
l
s
g
s
th
d

m
w
to
o
b
m

978-1-4244-62

darkness or typ
way, once the 
without operato

The open-
education, show
1(a).  In this m
he instructor 

knowledge, an
Once the lectur
will learn the m

A more a
shown in figure
course content 
nputs are first 
essons which t
earning. In th

system which a
student system
students either 
These losses c
output of the p
will be discusse

FIGURE 1(A):  THE
AN INSTRUCTOR A

FIGURE 1(B):  AN O

This syste
mental model t
Despite its simp
essons to be d

assumed that th
output of the 
“knowledge tra
easy to achieve
essons that ca

student.  Se
generically.  It 
substituted for 
he conversion

dependent. 
Although 

model may pot
without its adv
o implement, 

overhead.  Sec
be effective in
multiplication t

62-9/10/$26.00

pe and duratio
process is sta

or intervention
loop model is
wn (from the 

model informat
serves as the

nd a lesson is
re reaches the 

material. 
accurate depic
e 1(b).  Here t
(information) 
acted on by th
then serve as in

his model the 
acts on the les

m can often b
not learning, 

can be exagge
rocess to be gr
ed subsequentl

E SIMPLEST CASE O
ACTS ON INFORMAT

STUD

OPEN LOOP MODEL
STUDENTS AFFECT

em is easily 
that many facu
plicity, there ar
drawn from th
here is little im
instructor and

ansfer coefficie
e, as it takes an
an be efficien
condly, this 
is assumed th
any other.  C

n of lessons t

the assumptio
tentially under
antages.  Firstl
requiring a mi

condly, the ope
n practice-base
tables.  In thes

0 ©2010 IEEE
40th ASE

on of wash cy
arted, to chang
.   
 also one trad
teacher persp

tion is the inpu
e system whi
 the output fr
student it is a

ction of tradit
the inputs to th
and learning o

he instructor to
nput to the stu
student is her
ssons to produ
be imperfect 
or learning th

erated when st
rades, rather th
ly. 

OPEN-LOOP CASE O
TION WHICH IS THE
DENTS. 

L IN WHICH BOTH T
T WHAT IS LEARNE

understood an
ulty members h
re several valu

his system.  F
mpedance mism
d input of the
ent” is high.  T
n experienced i
ntly accepted 

model treat
hat one “Stude
learly this is n
to learning is

ons inherent to
rmine its effect
ly, the open lo
inimum of fac
en-loop model
ed activities s
se cases the pr

E 
EE/IEEE Fron

ycle), there is 
ge the outcom

ditional model 
pective) in figu
ut to the syste
ich acts on t

from the syste
ssumed that th

tional lecture 
he system are t
objectives.  The
o produce a set 
udent, resulting
rself treated as
uce learning. T
and lossy, w

he wrong thin
tudents view t
han learning; th

OF TEACHING WHER
EN TRANSMITTED T

THE INSTRUCTOR A
ED. 

nd is likely t
have of learnin

uable pedagogic
irstly, it is oft

match between t
e student so t

This is not alwa
instructor to cr
as input by t

ts the studen
nt” block can 
not the case, a
s highly stude

o the open lo
tiveness, it is n
op model is ea

culty time and
l of teaching c
such as learni
rocess is of val

ntiers in Educ
T1H-2 

no 
mes 

of 
ure 
em, 
the 

em.  
hey 

is 
the 
ese 
of 

g in 
s a 

The 
with 

gs.  
the 
his 

RE 
TO 

AND 

the 
ng.  
cal 
ten 
the 
the 
ays 
raft 
the 
nts 
be 

and 
ent 

oop 
not 
asy 
/or 

can 
ing 
lue 

to the 
student

 

In 
measur
need to
such qu
process
In the t
hungry
their de
a charr
checkin
assessm
student

Su
examin
just get
difficul
that ac
rather t
interpre
examin

As
the lear
demand
be effe
reports 
measur
measur
same re
about th
on wro
decisio

Th
measur
inferred
examin
estimat
control
inferred
system 
in ques
humidi
temper
estimat
acceler
In both
goal is 
the qua
direct 
observe
charact
sufficie
respons

Oc
cation Confere

students rathe
ts perform the e

most educatio
re of quality co
o both teach a
uality control c
s to ensure tha
toaster exampl

y breakfaster ch
esire for warm
red smoking l
ng the toast is
ment is intend
ts have met the

ummative asses
nation, which 
t back as a sin
lt to write – it i
ccurately refle
than being co
et the questio
nation context.
ssessment instr
rning control sy
ds as sensors in
ctive, a sensor
must be close

red.  A senso
rements of un
esults.  If a sen
he process, the
ng information
ns. 

he difficulty co
ring student le
d from a pr
nation question
tor observer 
l, a physical 
d from observ
then uses thos

stion.  One e
ity through th
ature measur
tion of the 
rometer by obs
h estimator ob

to make the r
antity observed
(close to unit
er is itself a co
teristics to be
ent dynamic ra
se.  In an educ

ctober 27 - 30,
ence 

er than just th
exercise correc

FEEDBACK

on and proces
ontrol is imple
and assign grad
consists of exa
at what was cr
le of an open 
hanges the toas

m bread, crunch
lump.  The ed
s summative a

ded only to de
e learning outco
ssment often t
students comp
ngle number. 
is a challenge t
ects what the 
onfounded by 
on and cope 
  

ruments play t
ystem, and the
n a physical co
r must be accur
e to the true va
r must also b

nchanged cond
nsor cannot pro
en the controlle
n, which will m

omes from the 
earning – inst
roxy measure
ns.  The con
control [2].  
quantity is no

ving some othe
se observations
example of su
he observation
rements; ano

forces appli
serving the elec
bserver control
relationship (tra
d and the qua
ty) as possibl
ontrol system, 
e effective—e
ange—and may
cation context 

Sessio

, 2010, Washin

he outcome. A
ctly they learn.

K 

ss control syst
emented; most 
des. In the sim
amining the ou
reated is what 
loop control s
ster setting dep

hy golden-brow
ducational equ
assessment.  S
etermine whet
omes [1].   
takes the form
plete, have m
 Good examin
to develop an a

students hav
their ability to
with the stre

the part of the 
ey are subject t
ontrol system.  
rate – the meas
alue of the quan
be repeatable 
ditions must 

ovide reliable in
er will make it
most likely lead

impossibility 
tead learning 

e, such as a
ntrol theory a

In estimator
ot measured, 
er quantity.  T
s to estimate th

uch is the esti
n of wet- and
other example
ied to a pi
ctric current it 
l and writing e
ansfer function

antity estimate
le.  Since an
it needs to m

e.g. fast respo
y itself impact 

a poorly desig

on T1H 

ngton, DC 

As long as 
 

tems some 
instructors 

mplest case 
utput of the 

is desired.  
system, the 
pending on 

wn toast, or 
uivalent of 
Summative 
her or not 

m of a final 
marked, but 

nations are 
assessment 

ve learned, 
o correctly 
ess of the 

sensors in 
to the same 
In order to 

surement it 
ntity being 
– separate 
return the 
nformation 
s decisions 
d to wrong 

of directly 
has to be 

answers to 
analogy is 
r observer 
but rather 

The control 
he variable 
imation of 
d dry-bulb 
e is the 
ezoelectric 

t generates.  
exams, the 
n) between 
d to be as 

n estimator 
meet certain 

onse time, 
the system 
gned exam 



9

p
a

f
v
h
W
o
th
m

A
e
p
c
e
a
l

s
f
to
e

F

f
f
T
“
th
o
i
u
p
l
h
m
p
e

t
F
f
c

978-1-4244-62

provides little 
and may introd

Open-loop
for a toaster – 
very small.  Ho
have not mast
While a good f
of what student
he fact that th

may be too late
 

A more effec
education is to
place, and to i
closed loop app
educational co
assessment – as
earn by identif

This sectio
system control
focus on creati
o-one compar

explain good as
 

FIGURE 2:  CONTRO
FOR

 
As shown 

feedback both t
feedback and h
To understand 
“signals” that c
hese is the o

outputs are obj
s more subjec

use different c
process; i.e. s
earning while 

how much stud
motivation [3],
places on the o
expended to co

To judge 
eachers use in

For many instr
form of grades
commonly poin

62-9/10/$26.00

information o
duce misconcep
p control with 

the cost of a 
owever in educ
tered material,
final examinat
ts have or hav

hey have or ha
e to redress the 

CLOSED LO

tive strategy 
o take measu
interactively a
proach to contr
ontext, these 
ssessment that 
fying what they
on explores an
l engineering a
ing analogies r
isons to help 
ssessment prac

OL SYSTEM DIAGRA
RMATIVE AND SUM

in Figure 2, 
to the student 

how does it affe
this system i

control the pro
output.  Unlik
jectively measu
ctive.   Differe
criteria to judg
students may 

instructors ar
dents learn.  It
, or the impor
output, determ
rrect the proce
the state of t

nformation gen
ructors and stu
s; these can b
nts which are 

0 ©2010 IEEE
40th ASE

on what studen
ptions.  

a summative 
poorly-cooked

cation "poorly-
, and this has
tion gives an a

ven’t learned, it
aven’t learned 

situation. 

OOP MODEL

in both proc
urements as th
adapt the proce
rol, as shown in

measurements
is intended to 

y do and do no
alogies betwee
and effective 
rather than ma
engineering e

ctices to colleag

AM OF A COURSE T
MMATIVE ASSESSM

formative asse
and teacher.  W
ect the operatio
it is necessary
ocess.  The m
ke industrial p
urable, in educ

ent students or
ge the output 
focus on gra

re generally m
t is also impor
rtance an instr

mines how muc
ess; i.e. the gain
the output, bo

nerated by the p
dents this info
be letter grade

used to deter

E 
EE/IEEE Fron

nts have learn

observer is fi
d slice of toast
cooked" studen
s lasting effec
accurate measu
t will not chan
– and by then

S 

cess control a
he process tak
ess.  This is t
n figure 2.  In t
s are formati
assist students
t understand. 
en control clos
teaching, with

aking direct on
education facu
gues. 

THAT INCLUDES BO
MENT. 

essment provid
What form is th
on of the system
y to look at t

most important 
processes whe
cation the outp
r instructors m

of the learni
ades rather th

more interested 
rtant to note th
ructor or stude
ch energy can
n available.  
oth students a
process (cours

ormation is in t
es, but are mo
rmine an over

ntiers in Educ
T1H-3 

ned 

ine 
t is 
nts 
cts.  
ure 
nge 
n it 

and 
kes 
the 
the 
ive 
s to 

sed 
h a 
ne-

ulty 

OTH 

des 
his 
m?  
the 
of 

ere 
put 

may 
ing 
han 

in 
hat 
ent 
be 

and 
se).  
the 
ore 
rall 

grade a
informa
includin
feedbac

Ba
and th
expend
instruct
objectiv
their l
comple
error si
influen
signal 
assessm
better m
ES to i
maximi

Th
system
technic
control
to be p
with fa
receive
has mo
respons
current
much l
lag mu
closed 
imposs
possibl
Similar
samplin

An
effectiv
effectiv
on the 
how th
assessm
student
advice 

An
enginee
discrep
output.
respons
error.  T
of a sys

A 
learning
the inst
the exa
charact
learn a
time), t

Oc
cation Confere

at the end of 
ation can also
ng student m
ck on assignme
ased on the di
he desired out
d effort to get th
tor the goal is 
ves, for the st
learning matc
etely successfu
ignal for both 

nces system res
depends on

ment.  The ins
match content 
nfluence how 
ize learning an

here are strong
s and effecti

cally-oriented c
l literature agre
provided as qui
aster feedback 
e feedback soo
oved since the
se is being cal
t position.  Fee
lag and may ev
ust be short c

loop system. 
ible to achiev

le through activ
r lessons can b
ng – fast sampl
nother lesson 
veness of the c
ve control requ
motivation of
e usefully the 

ment may not
ts or when the 
on how to imp

nother analog
ering education

pancy between
  In control 
se time, settli
The first three 
stem to a step f
step function 
g environment
tructor that “st
am next week
terized by feat
as much mate
the amount for

ctober 27 - 30,
ence 

the course.  
o serve as pr

metacognition 
ents, or discuss
ifference betw
tcome, both i
he outcome to 
for students to
tudents the go

ch the lesson
ul; in control 
the teacher, ET

sponse as show
n both form
structor uses E
and objective
they approach

nd/or grades.   
g similarities b
ve teaching w
colleagues.  Bo
ee that to be e
ickly as possib

k loops are mo
oner learn bette
e measuremen
culated for a p
edback becom
ven drive a sy
ompared to th

 Such fast r
ve in tradition
ve learning or c
e drawn from t
ling is required

from contro
control depend
uires high gain
f students as d
feedback is pr

t have much 
feedback is si

prove performa
gy between 
n is the import
n the actual 
systems comm
ng time, over
are measures o

function input.
manifests as 

t, such as a su
tudents need t
k.”  The stud
tures such as 

erial as quickl
rgotten between

Sessio

, 2010, Washin

However othe
rocess feedba
[4], verbal o

sions with peer
ween the feedb

instructors and
match the goa
 master conten

oal is generally
n.  Usually 
terminology t

T, and student,
wn in Figure 2.
mative and 
ET to modify 
es while the st
h the lessons i

between effecti
which offer 
oth the educati
effective, feedb
ble [2].  Contr
ore stable; stu
er.  If a physi

nts were taken
previous positio

mes useless if th
ystem into insta
he response ti
response time
nal assignmen
computer-base
the required fre
d for stable con
ol theory is 
ds on the avai
.  The gain dep

discussed previ
resented.  Thus
impact for un
imply a score r
ance [5]. 

control syst
tance of error t
output and th

mon types of 
rshoot, and st
of the dynamic
 
a sudden chan

urprise announ
to know chapte
dents’ response

late night cra
ly as possible 
n putting down

on T1H 

ngton, DC 

er types of 
ack signals 
or written 
rs.  
back signal 
d students 

als.  For the 
nt and meet 
y to make 
neither is 

there is an 
 ES, which 
 This error 
summative 
lessons to 

tudents use 
in order to 

ive control 
lessons to 
ion and the 
back needs 
rol systems 
udents who 
ical system 
n, then the 
on, not the 
here is too 
ability; the 
ime of the 
e is nearly 
nts, but is 
ed learning.  
equency of 
ntrol.   

that the 
lable gain; 
pends both 
iously, and 
s formative 
nmotivated 
rather than 

tems and 
terms - the 
he desired 
errors are 

teady state 
c responses 

nge in the 
ncement by 
er nine for 
es will be 
amming to 

(response 
n the books 



9

a
u
it
ta
w
n
th

d
r
l
i
p
o
u
to
m
A
o
m

m
f
c
b
m
d
l
m
s
a
o
n

W
a
n
e
lo
l
c
a
k
e
c
ta
e
p

im
th
k
th
ta

 

978-1-4244-62

and taking th
unnecessary eff
t perceived im
akes students t

when students 
not allow suffi
he dynamic err

The stead
difference betw
response of the
earning that is
.e. knowledge

problems [4].  
outcomes of a 
university degr
o measure.  In

mechanism to 
ABET’s requir
outcomes and 
measure steady

In summar
minimize the e
from a practica
creating classro
but rather “wha
measure both 
dynamic errors
earn over the

maximize the 
strive to create
align goals and
on a time scale 
new concepts. 

NESTE

While the discu
and courses, an
nested layers.  
each week fits 
ong unit fits w
ecturer who u

change their le
areas that wer
know if thes
examination is
chooses to repl
ake multiple y

effective, parti
program. 

Figure 3 ex
mpacts upon th
he input and t

knowledge incl
he instructor’s
aught in prereq

 

62-9/10/$26.00

he exam (set
ffort is put into 

mportance on th
to respond is c
have high wo

icient time for
rors can be larg

dy state error
ween the des

e system.  In ed
s retained follo
e that can be 

Arguably this
course, but th

ree programs m
ncreasingly ex
eliminate stea

rement to ass
long term 

y state error. 
ry, for effectiv
error term, ET, 
al standpoint is
oom lessons is
at do they not u
how fast stud
s, but also ho
e long term. 
available gain

e assessment w
d learning, and
that is much fa

ED LOOPS AND

ussion above a
n educational 
Each lecture f
within the sem

within a degree
ses only a fina

esson plans for
re not learned
se have been
s completed.  
lace one faculty
ears to determi
icularly if the

xpands figure 2
he current lear
the error term 
ludes both wha
s course as wel
quisite courses

0 ©2010 IEEE
40th ASE

tling time), a
learning chapt

he test (oversho
critically impor
orkloads.  If an
r students to le
ge.   
r on the oth
sired and actu
ducation this co
owing complet

transferred to
s is one of the
he discrete cou

makes steady st
xternal assessm
ady state error
sess both shor
objectives to 

ve learning, in
in Figure 2.  
 that the input 

s not “what sho
understand?”  

dents are learn
ow well they r

 They motiv
n of the feedb
with unity tran
d ensure stude
faster than the c

D PRIOR KNOW

applies to indiv
system is in f
fits within a w
mester long un
e and so forth.
al exam to ass
r the following

d well; howev
n successful 

Similarly, if 
y member with
ine if the chan
e change occu

2 to show how 
rning experienc

of the model
at has been pre
ll as what has,
.   

E 
EE/IEEE Fron

and how mu
ter nine based 
oot).  The time
rtant, particula
n instructor do
earn the mater

her hand is t
ual steady sta
orresponds to t
tion of the cla
o closely relat
e most importa
urse structure 

tate error diffic
ment provides t
r; an example 
rt term learni

help program

structors need 
What this mea
to the process
ould they learn
Good instructo

ning to minimi
retain what th
vate students 
back mechanis
nsfer function 
ents get feedba
course introduc

WLEDGE 

vidual instructo
fact a network 
week of semest
nit, each semes
.  The open-lo
sess learning w
g year to addre
er they will n
until the ne

f the departme
h another, it m
ge has been tru
urs early in t

prior knowled
ce, affecting bo
l. The term pr
eviously taught
 or has not, be

ntiers in Educ
T1H-4 

uch 
on 

e it 
arly 
oes 
rial 

the 
ate 
the 

ass; 
ted 
ant 
of 

cult 
the 

is 
ing 
ms 

to 
ans 
 of 
n”, 
ors 
ize 

hey 
to 

sm, 
to 

ack 
ces 

ors 
of 

ter, 
ster 
oop 
will 
ess 
not 
ext 
ent 

may 
uly 
the 

dge 
oth 
rior 
t in 
een 

 

FIG
PO

 
No

inputs 
depend
the pre
error, a
compen
compou
or not c
assess r

The us
been de
their a
difficul
respons
one.  T
a vecto

Di
same c
differen
Unless 
learning
differen
in this 
perspec

 

FIGURE 4
CLASS, E

 
On

conside
control
coeffici

Oc
cation Confere

GURE 3:  COURSES N
OSSESSED BY STUD

CONTRIB

ot shown in th
to the summa

ds on what stud
evious section,
and thus diffic
nsate for prio
unded if progr
communicated 
requisite know

THE

se of formative
emonstrated im

ability to achi
lty for the acad
sible for teach

This transforms
or problem, req
fferent physic

control signals
ntly to the sam

the students 
g, the outcom
nt.  To underst

model, it is 
ctive for the fee

4:  THE INSTRUCTO
EACH OF WHOM WI

ne possible m
er them as p
llers.  Differ
ients and thus 

ctober 27 - 30,
ence 

NEED TO CONSIDE
DENTS AND IMPART

BUTING TO THE ER

he diagram is t
ation block fo
dents already 
 it is difficult 

cult for most i
or knowledge. 
ram level asse
to faculty.  Go

wledge at the sta

E VECTOR PRO

e assessment t
mprove both st
ieve learning 
demic, howeve
hing multiple s
s the problem f

quiring more co
cal plants resp
; so too do di
me lesson, as
are identical 

mes of the le
tand the dynam

useful to ad
edback control

OR NEEDS TO CONS
ILL CONVERT THE L

OWN FASHION

model for repr
proportional in
rent students 
different respo

Sessio

, 2010, Washin

R THE PRIOR KNOW
TED BY THE PROGR
RROR TERMS.

the fact that e
r prior knowl
know.  As me
to measure st

instructors to 
 This situatio

essment is not 
ood instructors
art of their cou

OBLEM 

to provide fee
tudents’ perfor
outcomes [4, 

er, is that usual
students, rathe
from a scalar p

omplex approac
pond differen
ifferent studen
 illustrated in
in their appr

earning proces
mics of multip
dopt a signal 
l. 

SIDER MULTIPLE ST
LESSON TO LEARN

N. 

resenting stud
ntegral derivat

exhibit diffe
onses to feedba

on T1H 

ngton, DC 

WLEDGE 
RAM AS 

each of the 
edge itself 
entioned in 
teady state 
adequately 
on can be 
performed 

s thus often 
urse. 

edback has 
mance and 

6].  The 
lly they are 
er than just 
problem to 
ches. 

ntly to the 
nts respond 
n Figure 4.  
roaches to 
ss will be 
le students 
processing 

TUDENTS IN A 
NING IN THEIR 

dents is to 
tive (PID) 
erent gain 
ack.  Some 



9

s
e
g
P
o
b
m
D
ta
c
th
th
s
I
s
c
a

th
s
th
th
l
m
u
p
th
a

e
e
f
s
o
u
a
b

i
o
u
a
a
li
a
o

978-1-4244-62

students are p
effort they exp
goals match w
Proportional co
overshoot.  Oth
by the derivati
much they pe
Derivative cont
ake longer to 

changes in sta
heir effort is r
heir overall c

steady state e
deally students

strategy that is
controllers can
assessment. 

An alterna
hem as filters

some inputs, a
hrough unchan
heir knowledg
earning a frac

material presen
upon only one 
particular filter
hese lessons 

attenuate these 
In order to

environment, it
exactly meet t
function of the
student model. 
of instruction, 
uniform solutio
all are impossib
be exploited to 

In the cont
s often used to

optimally recei
use multiple pe
and thus addr
approaches suc
ine course m

attenuate appro
ones that do.   

 

FIGURE 5:  DIFFER
THE SIGN

62-9/10/$26.00

predominately 
pend depends 

what being lea
ontrollers can r
her students, of
ive.  Their ef

erceive their g
trollers are no
respond and a

ate.  Other stu
related to how 
course goal.  
error but may
s develop meta
s most effectiv
n be made 

ative represent
s.  A filter tak
attenuate othe
nged.  In this 

ge beyond the l
ction of what
nted by the ins

type of lesson
r transfer fun
into learning. 
signals, and no

o provide each 
t would be ne
their learning 
e instruction to
 Each student 

making it i
on that is ideal 
ble, there are s
optimize infor

trol system ana
o multiplex si
ive them.  In e
edagogies to m
ress individua
ch as lectures, 

material are su
oaches that do n

RENT TEACHING ST
NAL TO SYSTEMS TH

0 ©2010 IEEE
40th ASE

proportional 
on how close

arned at that m
respond quickly
ften high perfo
fforts are prop
grade is goin
t as sensitive t

are sensitive to
udents are inte

well learning 
Integral contr

y take a long
acognition to c
ve.  Similar a
for instructor

tation of stude
kes a signal a
ers, or let oth

regard studen
lesson by readi
t they need, o
structor.  If the
n then only the
nction will eff

 Other stude
ot learn the ma
student with t
cessary to tail
style – to m

o be the inver
will have a dif

impossible to 
for all,.  While

similarities in a
rmation transfe
alogy, some fo
gnals to a des
education, effe
multiplex the s
al learning st

active learnin
uperimposed 
not work for th

TYLES CORRESPON
HAT RESPOND DIFF

E 
EE/IEEE Fron

controllers, t
ely the studen
moment in tim
y but suffer fro
rmers, are driv

portional to ho
ng up or dow
to overshoot, b

o noise and rap
egral controlle
is converging 

rollers minimi
g time to sett
hoose a respon

analogies to P
rs and progra

ents is to mod
and may ampl
hers signals pa
nts either exte
ing on their ow
or mastering t
e instructor rel
e students with
fectively conv
ents will inste
aterial. 
the ideal learni
or the lessons 

make the trans
rse of that of t
fferent ideal fo

apply a sing
e ideal results f
approach that c
er. 
orm of addressi
stination that c
ective instructo
signal (Figure 
tyles.  Multip
ng, labs, and o
so students c
hem, and ampl

ND TO MULTIPLEXIN
FERENTLY..

ntiers in Educ
T1H-5 

the 
nt’s 
me.  
om 
ven 
ow 

wn.  
but 
pid 
ers, 

to 
ize 
tle.    
nse 

PID 
am 

del 
ify 
ass 
end 
wn, 
the 
ies 
h a 

vert 
ead 

ing 
to 

fer 
the 
rm 
gle 
for 
can 

ing 
can 
ors 
5) 

ple 
on-
can 
ify 

NG 

In the e
centere
educati
every 
superim
functio
the way
the fac
society
This sit
go on t
the ove
styles, 
for that
whole o
actively
the stud

In the 
system
exampl
weight 
types o
algorith
believe
same o
input (g
are in 
process
type of
unchan
For the
time.  

Th
to ada
program
likely s
in the n
workfo
is the 
previou
workin
want t
student
that oc
result o
accoun
student
as easy
 In 
theory 
system 
done in
program
change
control

Oc
cation Confere

education litera
ed learning [4
ion it is not p
individual stu

mposes multipl
n.  Unfortunat
y they themse

ct that for man
y have change
tuation is exac
to become acad
erall student c
learning skills 
t part of the co
of the student 
y work to tun
dent system be

NONLINEAR M

process and 
s have parame
le a significan
is fuel which

of systems use
hms adapt ove
e that once a 
outcomes repea
goals and cont
a state of co

s, change the 
f materials it o
nged and then e
e same reason

here are several
apt to as eac
m system evol
simplest for tec
nature of the di
orce.  Second, a

fact that stu
usly, the teach
ng for them–an
to replicate–w
ts.  Third, and 
ccur in student
of a successful

nt for students’
ts’ motivation, 

y to quantify or
control theory
attempts to m
linear within 

n education thr
m review.  C
ed set-point an
ller; similarly 

ctober 27 - 30,
ence 

ature this is of
].  In the pre
ossible to desi
udent, thus th
le signals to m
tely, many aca
lves were taug
ny academics 

ed since they 
cerbated since t
demics are usu
cohort.  They 
and motivatio

ohort will not 
body and vice
e their output 

etween lessons 

MODELS:  ADA

system contr
eters that chan
nt proportion 
h is lost throu
e adaptive con
er time.  Man
course is deve
atedly despite 
tent), teaching 
onstant change
type of desire

operates upon, 
expect the sam
s, teaching me

l types of chan
h element of
lves dynamical
chnical faculty,
iscipline and th
and more prob
udents are ch
hing approache
nd as such are 
will not nece
on a shorter tim
ts as they dev
l course or pro
’ increased kn
affect, or techn

r adjust to.   
y much of the 
make the resp
given constra

rough the proc
Control theory
nd a changed 

new learning

Sessio

, 2010, Washin

ften refered to 
evalent model 
ign an optima
he instructor 

minimize the ov
demics continu
ght (and learne

both the disc
attended the 

the kinds of stu
ually not repres

have differen
ns.  As such, w
necessarily wo

e versa.  Instru
to maximize 
and learning.  

APTIVE CONTR

ol field many
nge slowly with

of an aircraf
ughout the flig
ntrol, where t
ny instructors,
eloped they w
the fact that t
models, and th

e. To take an
ed outcomes, c
leave the cont

me outcome is u
ethods must ev

nges that instru
f the student-
lly over time. 
, is adaptation 
he needs of a 2
blematic for mo
hanging.  As 
es that faculty 
intuitively mo

essarily work 
me scale, are th
elop as engine
ogram.  Most 
owledge, but c
nical abilities m

work in adapti
ponse of the 
aints.  Much th
cess of accred
y clearly sho
plant require 

g objectives a

on T1H 

ngton, DC 

as student-
of higher 

al input for 
essentially 

verall error 
ue to teach 
ed) despite 
cipline and 
university.  
udents that 

sentative of 
nt learning 
what works 
ork for the 

uctors must 
transfer in 
 

ROL 

y types of 
h time; for 
ft's takeoff 
ght.  These 
the control 
, however, 

will get the 
the system 
he students 

n industrial 
change the 
trol system 
unrealistic.  
volve over 

uctors need 
-instructor-
 First, and 
to changes 

21st century 
ost faculty, 

discussed 
remember 

st likely to 
for their 

he changes 
eers as the 
instructors 
changes in 
may not be 

ive control 
non-linear 

he same is 
itation and 
ws that a 
a changed 

and a new 



Session T1H 

978-1-4244-6262-9/10/$26.00 ©2010 IEEE  October 27 - 30, 2010, Washington, DC 
40th ASEE/IEEE Frontiers in Education Conference 

T1H-6 

cohort will require new instructional methods.  Year-by-
year, each of these changes is likely to be relatively small.  
This year’s cohort is much the same as last year’s; the 
equipment has not become obsolete in twelve months.  The 
system remains predominately linear.  But over time these 
gradual changes will add up, and the set-points of the 
feedback system will need to change.  Ultimately it is the 
process of self-reflection, such as occurs during external 
program accreditation, that serves to provide a mechanism 
of adaptive control to keep the program up-to-date with 
changes.  One caveat is that is not only necessary to 
evaluate programs, but faculty need also to use the results of 
program evaluation in their teaching. 

CONCLUSIONS 

This paper presents feedback control as an analogy for 
the student learning process.  This analogy allows for a 
number of key themes in engineering education to be 
presented in a format that a wide range of engineering 
faculty find familiar.  Like any analogy, this model will 
break down if taken to extremes; it would be dangerous to 
try to quantify the response of the system given the current 
state of understanding of how students learn.  However, the 
analogies between engineering education and control theory 
may be useful to make the following concepts clear to 
technical colleagues: 
• The significance of assessment and evaluation in the 

learning process; 
• The need for student-centered teaching approaches; 
• The impact of learning styles upon learning outcomes; 
• The importance of timely feedback to students. 

The feedback control analogy presented in this paper 
has been built on simple, linear models.  As with any 
system, this assumption allows for the simplicity necessary 
for understanding the results.  Since the goal of a university 
program is technical and personal development, it is also 
necessary to consider students and the discipline as 
changing in time, or being fundamentally non-linear.  These 
changes may occur rapidly and are forced, in part, by 
universities.  Thus good teaching doesn’t just adapt to the 
students, it changes the students.  As the students acquire 
lifelong learning skills–gaining new filters with which to 
learn–the way in which they learn will evolve.  Accounting 
for these changes requires a more sophisticated feedback 
control model.  Such non-linear control models do exist, and 
it may be worth looking into lessons from control theory to 
expand the toolbox of program evaluators. 
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