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The aim of this paper is to highlight those principles underlying good practice in teaching through
self instruction which may be adopted to the needs of the undergraduate engineering luboratory
course dpupl'nnpr Thpv nrnv;dp a basis in educational theory and praciice for mnmm’ rules Jor

good practice in the developmem and overhaul of laboratory courses.

INTRODUCTION
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laboratory courses and developing self-
instructional teaching is highlighted. However, this
analogy is used to present the requlrements for a
set of ground rules for good practice in the devel-
opment and overhaul of laboratory courses, and
not to argue for ‘walk-in’ laboratories. Walk-in
laboratories are seif-instructionai in that students
carry out the npprnnmntp Inhnrmnrv exercises in
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their own time and without the assistance of
supervisory staff [1]
________ cad

J.Ilﬂ OVEL Ildl.ll Ul da ldUU Iy course Uascu
principles underlying good practice in developin,
self-instructional teaching is discussed and

example set of laboratory sheets for one of
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overhauled course is described.
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Laboratory teaching differs

lectures, seminars and tutoriais in
Three of the most significant

developer’s point of view are:

1 the need for the course developer to ‘teach in
hand’;

. 1ne PUD[]C nature 0[ l:ne course ma[erlal
. the relative |nﬂe7nh1|1fv of laboratories once

they have been set up.

L N

These features are closely related to the most
sigm'ﬁcant features of self instructional learning
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In nlannmo any laboratory course, four as

sp
of systematlc planmng can be presented as
questions:

ects
four

1. What is trying to be accomplished through the

1aooratory course?
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What activities must the student be engaged in if
this is to be satisfactori]y accomplished°
__________ ~£
HUW dare lllC CllELl dIll_l CllCLllVClleb Ul
laboratory course to be evaluated?
. In the light of evaluation how can we improve

the laboratory course?
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These four questions are closely related to four
questions that concern self-instructional teaching
q g

[2] p. 36.

An effective set of ground rules for developing
an undergraduate laboratory course would help
the course developer towards an improvement in
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the following areas:

1. formulating aims and objectives for whatever
laboratories the course developer plans to pro-
duce;

|df=m|fvmo the backe grou
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possess before startin ng
laboratones,
. being realistic about the
which laboratory supervisors and students must
work;
choosing the subject content of the laboratories
and the
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content within them might best be sequenced to
help the students learn;

selecting the appropriate resources;

effectively to produce
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usine the resources
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laboratories from which students do learn,
devising assessment tests or situations that will
give a fair oW

=

indication of how the students
develop in competence;
. evaluating the laboratories by criticial analysis;

improving the laboratories in the light of evalua-
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It is possible to identify the equal balance that

must CX]SI De[WCEl’l SllO_]eCI Onentatea and learner-
orientated apprnacheq to nlannlnc in the devplnn-

ment of self-instructional teachmg, must also exist
in the development of an undergraduate engineer-
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Subject-orientated

1. Study any relevant examination syllabus and

auectinn nanerce fraom nrevione vearc
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Review your own knowledge of the subject.
Discuss it with other subject experts.
Identify and analyse the key concepts of the

B

Learner-orientated

1. Establish and analyse the aims and learning
objeciives.

2. Think of learning activities that learners logic-
ally must, or just usefully could, engage in.

3. Recall where people prevrously had learnmg
d.ffrculhes, or had 1"1161’1 into CITor, in the
subject.

4. Consider how learners’ attainments as a result

of the course might be assessed.

The main body of the paper considers labora-
tories in the context of self-instructional learning.
Aﬂemg out of this consideration, the balanced
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approach to planning mentioned above is applied
to the overhaul of a second-year undergraduate
laboratory course on Linear Systems for Electrical
Engineers on a four-year thin sandwich course.
From a subject-oriented point of view the first
three points were covered through lengthy discus-

cinng haturaan tha anthar Af thic nanar and Nr T l:‘
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Marsh, Director of the Control Engmeenng
Centre, Brunel University. Having covered these

three points, the discussions focused rapidiy on the -

fourth noint of the cubiect-orientated annroach. In
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partrcular, with regard to the lecture course mater-
ial, the key concepts were identified as:

1. modelling dynamic behaviour in the time
domain and in the frequency domain;
the effects of feedhack:

2. the effects of feedback;

. converting a quantity to be measured into an
equivalent voltage.

Having identified the key concepts of the lecture
course the first three learner-orientatated points

were eacily addrecced The aime and learnine
=1 4 waslly altlztostll. 1lc alllls difia saiinis

ob]ecnves became the assistance of the students in
commg to terms with the key concepts. The major
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cause of learning difficuities had been highlighted
thl'Ol.lﬁh the discussions. It lay in an appreciation of
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the relanonshlps between time-domain and

frequency-domain models. The learning activities
that tha ctiidante ~ranld ncafully ananss in wara
LIlatr Ly SLtuuviIln vuuiu uovtuu)‘ \—llsﬂs\f 11 vwuele
limited by the available resources. It was now
natural and straightforward to examine the exist-
ing laboratory course with respect to its relation-
ship to the key concepts outlined above. Of the six

exercises composmg the course, three were imme-
dlately disregarded as not addressing the key con-
cepts. One exercise was readopted in its entirety as
completely addressing the students’ needs with
respect to the third key concept. One exercise
needed to be significantly enhanced. In particular,

the nuirchace nf new saninment made it noccihle ta
UIC pPultiiast Ul LICW CHUIPINCIH HIAaUT It pUSSIvIC U

complete the experimental work within two hours.
Three hours were timetabled for each exercise.
Theoreticai work was iniroduced inio the exercise
in such a manner as to encourage students to relate

theory and practice. Fmally, one exercise on
modelling dynamic behaviour, which experience

P I e P T o P=¢ P=02 | $iammn el

DI.I.U.VVCU CUuUIU 11U UC bUillplClCU lll lllC LT avau-
able was divided into two separate exercises, the
first exercise dealing with aspects of modelling in
the time domain, and the other exercise dealing

with acnecrte of mndelline in the frequencv domain
iUl aSpPoes UL HUUCHINE L uae LTy utily Guinai,

Additional basic material on modelling in the time
domain was introduced such that the practical
work would occupy three hours. The exercise on
_mndelhng in the frecluencv domain was written so

odcliitl 11 L quelicy Jdu Cll SU

as to hrghhght the relationships between time
domain and frequency domain models. Some

anratinal warly 1wne avirantad fram a third_uvsar
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laboratory exercise and introduced here. It was
decided to run five three-hour sessions rather than

six. Gibbs and Habeshaw [3] (p. 166) point out

that the course develoner needs to have a very
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specific idea of what the precise purpose of each
laboratory session is. If it doesn’t have a clear

L P,

objeciive then possibly the course deveioper
would be better off scrapping it. One further
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exercise needed to be developed, to make up the

complement of five. One key concept had not been

addracend. tha affante ~AF foadhaonly Tn Ardar ¢4
aqaresseda: ui€ CiieCis O1 1etdovack. iii OrGer io

introduce this concept a large part of a third-year
laboratory exercise had to be brought down into
the second-year laboratory course. Thus, the over-

haul of the second-vear laboratorv course resulted
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in a need to overhaul the third-year laboratory
course.

extensivelv rewritten. Each exer CLSE was intro-

duced by a stated objective which was followed by
details of recommended preliminary reading.

frsirtlh ~AFf tha lansnar_Ariantatad nn' o
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concerning assessments is covered in a later sec-
tion.

ON AIMS AND OBJECTIVES

Elton [1] notes: ‘an analysrs of the aims of the

L act 2180 [, PRy PP | Y .|

ll[bl"'yﬂdf UIlUﬂlgl auuau: Pllyblbb 1auu1 atorics
showed that the aims fell broadly into two groups,

relating respectively to products and processes.
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Further, it was found that most of the product aims,
e.g. “verifying a physical principle”, could best be

achieved by very short run and tightly prescribed

laboratory experiences, while most of the process
aims, e.g. “the acquisition of experimental skills”,
required considerable freedom in time, procedure
and apparatus. It was clear that the traditional
laboratory experience of three hours of loosely
prescribed procedure and appararus was a com-
promise '\Fv'uiCu was ill-designed to achieve either
group of aims.’

Each experiment in the laboratory course dis-
cussed in this paper has a product-type aim and

therefore the corresponding laboratory sheets are

written in a manner which lays out a tightly
prescribed exercise.

Eiton {1] further notes: ‘O’Conneli and his co-
workers developed types of laboratory experience

in conjunction with the two groups of aims they
were designed to achieve. It ‘was then found that if
students were explicitly told what the aims were
which they were to achieve, they were much more
likely to do so.’

The laboratory sheets for each experiment in the

lalhnAra 1 1 1 1
laboratory course discussed in this paper begin

with a statement of the experiment’s objective
which is intended to be as explicit as possible.

ASSESSMENT

Golten and Verwer [4] note: ‘Laboratory work
and assessment in our opinion have conflicting
objectives. We regard the laboratory as a teaching/
learning environment and certainly at final year
level any assessment must be minimal.

On the overhauled course discussed above each
Af tha ctiidantc wae nracantad with a sranu Af tha
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following statement before commencing the over-
hauled laboratory course:

The use of the assessment is intended to be
formative. Its purpose is to aid you in your subse-
quent learning,

One of the functions of the laboratory reports
is to let you know how closely your competences
approach the standard expected.

The attainment of the lnhnrntnr}r Qh19(‘hv95
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and your progress towards the attainment of the
course ob]ectlves as perceived by the member of

staff doing the marking is assessed. An impres-
sion marking approach is adopted. An overall

impression of the worth of the work is obtained
and an appropriate mark given. It is not easy to

A Turts 13 1Y
devise an anaiyuc mafz\mg scheme when an

extended ‘own answer’ is expected from the
student. Analytic points are looked for but the
technical standard expected from you for a given

mark increageg throush the vear ag vou have an
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increasing amount. of lecture course background
and recourse to discussion with course col-

ieagues who have previousiy atiempied a given
laboratory.

Different members of staff take different
groups for the same laboratories. Many use

demonstrators to do part of the marking, Indi-
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vidual members of staff respond to laboratory
reports in slightly different ways. This is not
discouraged.

The ways staff seek to teach through written
comments on student laboratory reports include
the following, Rowntree [2], p. 328:

Draw learner’s attention to facts they have
UVCIIUOKCU or misiﬁlerpl—ﬁ LCLI

Suggest alternative approaches or interpreta-
tions.

Suggest new sources (e.g. other people) from
whom learners might get feedback.

Draw attention to gaps in the learner’s reasoning.
Suggest how learners might present their ideas
more effectively.
Offer comments tha

U B Lwd L L3S S 188 Lus B LN S that

their practical skills.

Ask for a further explanation of muddled state-
ments.

Demonstrate useful short cuts in procedure.
Help learners reflect how a piece of work might
have been improved.

Drint + 1 :
Point out relationships between the

present work and their earlier work.

t will hel learners char en

Commend the learners for any unexpected
insights, special efforts or improvements in com-
petence.

MONITORING

-

Boud ez al. [5] p. 107: ‘Monitoring can lead to
course imnrovement hv the identification of iso-

IS Aliipra Vel Latioil

lated or pervasive problems—for example, over-
sights errors, gaps, repetitions, non-sequiturs, lack
of clarity’.

The running of the course was carefully moni-
tored in the academic year that followed. The dif-
ficulties the students had in appreciating the
relationships between time and frequency-domain
models were brought out by the new course.
Attention was paid to students’ attitudes towards
the course. The students were found to be suppor-

tive. annreciatine the effort made by staff on their

UYL, QppivhiGiiangg wuiv vl Auaus swair O L2200

behalf. Laboratory marking was completed more
quickly than before as the students wrote better
reports and the exercises had more structure. ‘In
terms of decreased workloads the new system

could be regarded as successful’, Boud et al. [5],

e o el - ~ €
Boud er al. |5], p.151 note that ‘laboratory

activities often simply illustrate concepts already
understood by students’. With a laboratory course
designed to assist students in coming to terms with

key concepts (i.e. with product aims) there must

invariably be an element of simple illustration from
the perspective of the more able students.

ey el L]

While in Boud ez al. [5] p. 151 the question ‘"hat
re the differences for students with low or high
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ability?’ is raised, as still requiring research, no

attantinn ic naid ta tha iccnia Af minimum attain.
atilviiuvil 1o Fﬂlu LU Uy 100UV UL L1LIIIIIULIE alwalin

ment levels. It is noted that, although the course has
not been fully evaluated the changes made, in this
context, can be shown to have resuited in an
imnrovement in the minimum attainment levels of

Pl OVOILGTI 2 AN =112 228 VRIS

students taking the course.

Most of the laboratory sheets were revised
slightly to improve clarity in the light of the
experience of having run the overhauled course.

The course was not fully evaluated in so far as
quantitative information, available through the use

~f ctndant feadhasrl Anectinnnairag wac nat
ul SLUUICIIL Ivhuvavn YUuLouUILLIAIL VO, ywads vt

obtained. Although quantitative information is of
value, the role of qualitative information obtained
though carefui observation, of the type described
above, is not oenerally slnanr'thd

Qv iS5 UL pRRAany app A Caaits.

The conclusion of the paper is that, the main
benefit of the analogy between developing labora-
tory courses and deveioping seif-instructionai
teachine is that it is nossible to identifv that the

SIS S Al AL LS LOSAUET 0 AR Madr uik

equal ba]ance that must exist between subject-
orientated and learner-orientated approaches to

Ry . . avalAanman RS P

pldu.u.mg lll LU.C ucvcmpuu:ut Ul. 5511 1IISLI ULllUlldl
teaching must also exist in the development of a
laboratory course.

Anbsnvuladosiismie  Tha ciimeoet oo A amamiien ooy ~
ACANRUWIEGECTICIS— 11ic ELIPIJUII ana cu\.uulasclu:u( (V)

fessor Gerald Musgrave is gratefully acknowledged.

An early version of this paper was presented as ‘Laboratories
as self-instructional learning’ at the 3rd World Conference on
Engineering Education, Portsmouth, United Kingdom, 20-25
Cantamhar 10072

September 1992,

The section ‘On aims and objectives’ was added in response to
comments from Professor J. J. Sparkes of the Open University,
United Kingdom.

REFERENCEDS

1. L. Elton, Cost-effectiveness in laboratory teaching, in G. Squires (ed.) Innovation through Recession,
Society for Research in Higher Education, Guildford (1983).

ree, leachn ucti

W

Py

D, Rowntree, Teaching Thrnlmh Self-Instruction, rev. edn., ,D. 35, Knaan Page London ”990\

. G. Gibbs and T. Habeshaw, Preparmg to Teach—An Introduction to Ejfecuve Teachmg in Hrgher

s1nonn

taumuon Technicai and Educaiionai Services LI(I Brisiol (1¥06%7).
4. J.W. Golten and A. A. Verwer, Teaching and assessment of control engineering with a computer
aided design package (CODAS-II), in T. V. Duggan (ed.), 3rd World Conference on Engineering

Education, 3, Computational Mechanics Publications (1992).

aucall 2,L0

5. D. Boud, J. Dunn and E. Hegarty-Hazel, Teaching in Laboraranes SHRE & NFER-NELSON,

PRyt

Guildford ll 360)

Thomas J. Owens is a Lecturer B in Control Engineering at Brunel University. He holds a
B.Sc. in Mathematics, Operational Research, Statistics, and Economics from the University of

L ¥ PR

" Tanh 2o Mamtie~l Cuctamea

A tha I Tnivarcity af Chaffald a Dh T} in Cantral

AL Q Fo
Yraiwich, a 1v1.0C. 1 €C1l. il L OMrol BYILCALID 11 VII UEw WILYLLOILY VL GLHIVILIVIG, a 1 1LLS Ll vl vl

Engineering from the University of Strathclyde, and a Diploma in Teaching and Course
Development in Higher Education from the Institute of Education University of London. He
conducts research in the areas of control theory, control engineering, and computer-aided

sveteme modelling
systems mogeiing.



YEAR 2 ELECTRICAL ENGINEERING AND ELECTRONICS
LINEAR SYSTEMS LABORATORIES
NOTES ON EXPERIMENTS
DrT.J. Owens 25 November 1991
CONTROL ENGINEERING CENTRE
BRUNEL UNIVERSITY OF WEST LONDON
Fyvnovimont 1 £\ rimImor
Aa AN CrLrrecrer 4 \JJ wrLrrarrier
. . Rf
Introduction to analogue computing o A
Objectives V1 ANA
To be able to simuliate first- and second-order
linear dunamic recnnnee ncino an analoone com- V2 R2 ] Ja |\ Vaut
hnear dynamic response using an analogue com AN Va | " out
puter. . | R |~
v3 ] A L
Aims T -
That the systems engineer be able to identifv the

114l UIC S VSLICIID 1pavel U 4L AALILY 1

form of the response of a system modelled by
first-order or second- order equation to a ste
input, and cemerse;y, be able to recognise when a
particular response is likely to be associated with a
system modelled by a first-order or second-order

equation.

Introductory reading
Read section 3.8, starting on p. 67, of the set

DOOK Dy Uouen ana verwer. AISO reaa Sec tion 3.9
top. 75 of this book, pavi ng particular attention to

ﬁgure3 10 on p. 70.

This material covers the standard second-order
bystem and time-domain performance specifica-
tions.

Read pp. 72-74 of the set book by Kamen.

This material covers the op-amp and op-amp
realisations of basic operations.
Preamble

In an analogue computer, real variabies are
renresented hv voltaces which hv the use of

L e e LRiapts WAL |88 L)

operatlonal amphﬁers may be added subtracted
and integrated with respect to time. Nonlinear
elements such as multipliers and function genera-
tors are commonly provided in addition. Thus the
means exist to represent integral and algebraic
equations on the computer and hence simulation of

a raanl cyctam ic nnecihla Tha anaratinnal amnlifier
@ ival SySiuiil 15 PUSSIVIL. 1L UpulauUlial aliipiiicl

used is a DC amplifier with a very high input
unpedance and a very hlgh gain (often in excess of

10 million at UL) and naVIng a Slgﬂ reversai
between tnnnf and output The nmnhﬁpr is nlwave

used with negahve feedback as shown below:

+10 volts and 10 volts is designated a ‘machine
. Thus the voltage at A has a maximum

m gnitude of (IO/ée;n) volts and wnh“t‘l;emlarge
e of gain quoted above, V, < 107°V,,. This

out*

The output V,,, is designed to vary between —10
an

“.-.I“n 1o grall ne iaTmaTa - nnln..ln# T 2

vailuc 1d dlilall a.ud J.D lEllUl Cd 111 calvuliauull alld I.hC

point A is called the ‘virtual earth’. The equation

relatlng . to the various inputs is derived by
writing the current balance at A.
Voul Vl + VZ + 5 =0
Rf " R, R
and so
V g_REVi LAY ) angry
out -
**1 “*2 “*3
(i) Integrator
c
| |
i
Vi AAA, !\
R

A !/ / Vout

The point A is ‘virtual earth’. Writing the current
balance at A,

and so
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Experiment
(a) Wire up some simple summer and integrator

miroite and chaslk that racnlte aores with
CIILUIL allu viiven  uiaatr i1voulwn (-15 v ¥Yiuii

theory.
(b) Patch up the circuit below and solve the first-
order equation,

av,
— + 02V, =V,
d[ U mn

The time constant of the equation is 5. Verify
that this is obtained in practice.

vin [—'1'1'0}'"'——'

j:/ov\! !!\ 62) Y
S E—
V

For P,=041t01in steps 0f02app step
1npu[ anu measure me ume 1[ IaKCS or I.h
output vnltage to reach 63% of its final value

a

Theory gives 2.5,1.67,1.25and 1 s.
(c) Patch up the circuit below to solve the second-

Ul uc1 Cl.il.lclLlUl.l.

avy &V o
+37.7 + 35513V, =V,
des dt 0 Vi
The undamped natural frequency of the equa-
tion 1s3Hz
10 .0
i} ~
EILAAA ||\| mJ\MJ_I\_LL
Ym '/ P2 0.1 l/
P
)
— (
3 0 .0
AAA | 0.1 —AA

For=0to1 in steps of 0.1 apply a st

For 0to 1linste ly a step n
measure the fractional overshoot. Com pare the
overshoot obtained in each case with that predlcted

) Ry Ry

Uy i€ tieor y



