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Sunmary

The report describes an experiment in integrated teaching of applied
electronics. Programme-controlled diagnostic tests with instantaneous
response collection and taped TV programmes have formed an integrated
part of the teaching. The integrated tcaching has heen given to three
classes of students at the Royal Institute of Technology (sophmore
level, total zbout 400) and also on concentrated continuation courses
for teachers at technical colleges and for industrial engincers. The

project comprises the production both of software and hardware.

The software side comprises such iters as teaching models {(for packaged
courses), textbooks, TV programmes, programmed diagnostic tests, exemplcs

of circuit calculation, and laboratory experiments.

The hardware side cowprises, among other items, tle programme-contiolled
feedback system DIATEST, which contains equipment for contrel and display

of multiple choice tests.
The ESAU responder, specially developed for this project, was used for
collection of responses.

Programme-controlled diagnostic tests, vhich were initially intended as

-

instruments for measuring rtuden s’ progress, have proved to have an
activating effect on their studics. In group tcaching these tests permit
a direct and effective feedback from student to teacher, aund also provide

a basis for continucus revision of the course material.

To utilize these advantages of the diagnostic tests, however, high requit
ments are placed both on test design and on an accurate and detailed

specification of course objectives,
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INTRODUCTION

The overall aim in the projects that have been and are beinrg run by
the PE Group of The Royal Institute of Technology is to find cffective

methods for teaching of engincering.

Process control of teaching is a conceivable alternative, which seems

a natural chcice especially for technclogical subjects. Technical
processes are controlled by data which are continuously measured or
sampled in different steps of the process. In the same way, of course,

it is possible tc contrel teaching processes. In technical processes

there are sensitive elements which measure pressure, temperature, quantity
etc,; and in teachinz process uniquely defined variables are similarly
required which can be measured by means of different forms of test and

examination,

In technical processes homogencous basic material is available, but this
is hardly so in teaching. The necessity of flexible adaptation to the

students” requirements is therefore very nuch greater in a teaching systen
The process-controlled teaching system is not intended to be run fully

automatically as in technical processes, 1t is rather an instrument for
relieving the teacher of a large part of the routine burden, at the same
time as he receives data of his students” performance which enable hir

effectively to devote his time to individual instruction.

This report discusses the means of replacing conventional lectures by
motivating 1V programmes and of allowing the greater part of the learning
work to be done in the form of independent study checked by diagnostic

tests,

jabs ¢
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PILOT PROJECT IN SPRING OF 1968

Objectives for the pilot project

The role of lectures

Traditionally lectures take up a gre2at part of the scheduled time for
technological teaching. But experince shows that, for technological
students, lectures are the most passive part of the teaching. The purpose
of the lecture has been to transfer knowledge from teacher to student.
For large groups of students, however, this transfer of information can
be done more effectively through othur channels. ~specially through

textbooks and audio visual media.

Lypothesis

We thercefore set up the following hypothesis: The information transfer
function of lectures can to a large extent be taken over by suitable
course litevature and their motivating function can be replaced by

introductory TV programmes.

Verification of the hypothesis

To verify the hypothesis, a pilot project was instituted covering two
classes.of students (about 100 in ecach) taught by two methods, one
including certain lectuves (Method A) and one altogether without conven~
tional lectures (Method B). In method A, TV programmes were run as repeti-
tion of the lecture before the circuit calculation exercise. In method B,
TV programmes were run as introduction to independent study. Knowledge

has been measured both continuously during the course in the form of
programme-controlled diagnostic tests and in the form of normal examina~

tions.

Modified teaching model

An {mportant goal in the pilot project was, on the basis of the experience
gained, to set up a modified model, Method C, for the regular teaching

of applie. «le-tronics. Method C has been tried out in 1969 for the cluass
in 82 (second-year students, Electrical Engineering) and the results are

reportzd below as project 52-69.

o
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Teaching models and course material of the pilnt project

Experiments in integrated teaching have been made on the Transistor
Pulse Circuits course in the subject of Applied Electronics at the
Institute of Technology. (The course earlier comprised 50 h lectures

and 34 I circuit calculation exercises.)

Our intentions were to cut down the lecture time to a minimum and replace
the lectures by brief TV programmes. This necessitates reinforcement

of the activity teaching by calculation exercises and laboratory experi-

ments which are fully integrated with the course, and last but not least

a continuous follow-up of the results of study.

To elucidate the role of lectures ~ or rather the effect of replacing
them by introductory and motivational TV prograsres - two classes were
taught on two different models, Mecthod A and Method B. Fig. 1 shows

a comparison between the time schedules for mcthods A and B and that for

the previous coursec.

Previous Method A Method B
course 50 7 lectures 0 7 lecturecs
Lactures 2x25 2x10x) lxloxx)
Calculation
exercises 2x14 2x10 2x10
Laboratory
LOXperiments 2x 3 3x 6 3x 6

%) Every double period consists of 20 min diagnostic test and

70 min normal lecturing.

xx) Consists of diagnostic test, discussion and playback of tape-

recorded 1V programmes.,

Scheduled time for Transister Fulse Circwits course.

Fig. 1

fethod A involves cutting dowr of the lecturing tiov by about 50 %, while
in nethod B there are no conventi:-aal l.ctnres. ln method B there is only
a short discussicn end questions pevied immediately follewing the diagnostic

tests,
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The cutting down of lecturing time will bie compensated for by the tape-
recorded 1V programmes. Under method A the 1V programmes were used for
repetition of the abbreviated lecture and at the sane time as an introduc-

tion to independent study.

The course material was divided into one introductory packase and ten
course packages with two written examinations, one after package 6, the

other after package 11 (Fig. 2).

2 3 4 5 6 |7 11

P
§
1

| N——

J

Exa?n_] I ex_a._"n 2

Fig. 2 Division of course into packages and examinations (packape 1 is

preparatory package for the course).

Each package was given a build-up as shown in fig. 3.

The goal for ecach weekly package was specified in the textbook, App. 1
(see detailed account in Markesji, G.: Transistorpulskretsar, del 4,

Norstedts & Stners Firlag, Stockholm 1968, pp 168-173).

The material produced for the Transistor tulse Circuits ceourse was as

follows:

1. Textbook: Markesjd, G.: Transistorpulskret-ar, del 1-4, Norstedts &
Soners Férlag, Stockholm 1968 (including cvxarples of exercises in

circuit calculaticn and directions for laboratory experinents)

2. Diagnostic tests progranmed [or fivi-screen slide projection (2)

3. 1V _programmes produced by H. Akessca, TRU (the Covmittec for Television
and Radio in Education) ()1]

4. Exercises in circuit calcvlation and laboratory experiments. Examples
of calculation are included in the Textboeok, Part 4. The laboratory

experiments werc designed by E. Kjelkerud and I. Hdglund (&)
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Design
The experiment followed a design proposed by Professor Ake Edfeldt, TRU

Consultant. Each of the two classes was divided into four exercise groups.

These groups were taught in accordance with the scheme in fig. 4, from
which it will be seen also how the course was divided into two halves,

one comprising packages 2-6, tlie other packages 7-11.

The Assistant Teachers rotated between the various groups. The grouping
wds based on ranking of the students zerording to entrance points. In
this way we attempted to have both the teachers” time and the student

waterial unifoimly distributed over the four groups.

Packages 2-6 Packages 7-11
Group 1 A A
Group 2 B T B T
Group 3 A B
Grouyp 4 E J A ‘J

Fig. 4 Design for teaching of groups 1-4.
A and B signify teaching method.

T = examination

Collected data and analysis

The course was moved in 1968 from third year to sccond ycar and therefore
two classes totaling about 250 students, were taught in accordance with

the above models and design. For course E3 (third year students, Electrical
Engineering) which started in mid-Fcbruary, cne package was run per week
during the entire spring term. For course EZ (second-year students,
LElectrical Engineering) two packages were run per week during the later

part of the term.
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The following basic data have been collected (variable numbers 1-12
intended for data processing):

No. 1 Military group points from Institute of Military Psychology
enlistment test (only group means indicated in this report)
Entrance points on application to Institute cf Technology
Attitude test points after half of course
Attitude test points at end of course
Attendance during packages 2-6
Attendance during packages 7-11
Diagaostic test points, packages 2-6

Diagnostic test points, packages 7-11

QW N N W

Examination points, Calculation Problems, packages 2-6

—
o

Examination points, Theory, packages 2-6
11 Examination points, Calculation Problems, packages 7-11

12 Examination points, Theory, packages 7-11

Collected basic data have been analysed in a computer and by other weans.
Basic data have been stored on punched cards, one card for each student.

BMD progranmmes programmed for IBM 360-75 have been used.

A full description of the analysis will be found in Report PE-4.

Resuits

No significant difference between methods A and B was measured in respect
of examination results. This will be scen from App. 2a. The same applies

to the diagnostic tests (App. 2b).

For class 52 there is according to App. 2b a correlation factor of the

order of 0.3 between the examination result (Practical Calculatior. Problems
ind the diagnostic tests,

The correlation between results of diagnostic tests and examination (Theory
is negative for Es. This is because class E; was credited with the diagnos-
tic test results &ar points towardc the theoretical examination, Students
with good results in diagnostic tests, therefore, did not answer the
theoretical questions in the cxamination but devoted all of their time to

the calculation examination.

11
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The final result of thz pilot project as regards learning may be sunmarized

as follows:

1. Methods A and B yield the same examination results, which indicates
that lectures (as in method A) fulfil no major purpose provided that
textbooks are available and that the students can be kept active by means

of diagnostic tests.

2. A weak but positive correlation factor (approx. 0.3) exists between
the results of diagnostic tests (of multiple choice type) and the calcula-

tion examination.

Attitudes, Spring Term 1968

The object of teaching is not merzly to pass on a given quantity of
factual knowledge. In the long run its value lies to a large extent in the
interest aroused in the subject, its principles and methods, and the

technique required to gather new information about the subject-field.

The results of teaching can then not be measured only by examinations
(wvhether of theoretical or practical calculation type). Attitude measure-
ments are therefore a necessary complement to pure measurcments of know-

ledge.

The students in the pilot project in the Spring Term 1968 were given two
attitude tests, one after package 6 and one after package 11. The tests
were fairly couwprehensive and are described in detail in Report PE-4. The
results of 5 of the 40 questions in the tests are shown in App. 3. The

results from EZ and E3 are added together.

Question 1 shows a very positive attitude for the detailed course specifica-
tion. A course can bc specified in the form of "content cbjectives' or
"behavicur objectives". Even if the latter is best in principle, the
students are greatly assisted by a detailed specification of content

objetives issued in advance.

Questions 2 and 3 show that the TV prograruws, in the form we have given
them, are more suited as introduction than for direct learning. As students
differ in the lengths of time needed for learning, learning can hardly be
programmed groupwise from a TV screen (unless use is made of a block field

or controllable interuptions). The result is therefore not unexpected.




Question 4 shows the need for an extra lecture period (or discussion)
after the diagnostic test in method B, In the design of method C atten~

tion has been paid to the attitude results of questions 3 and 4.

Quastion 5 shows the difficulties of combining activity teaching and
preproduced TV programmes. The programmes were of an introductory and
motivational character and therefore provide too little concrete a basis
for exercises in circuit calculation. Different means of building feed-
back into calculation exercises and laboratory experiments will be dealt
with in a special research project in 1970/71 (financed by the Chancellor

of the Universities).

H
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MAIN EXPERIMENT Ez:ég

Goal.s aqgﬁyodels

The cbjective of the teaching experiment in Transistor Pulece Circuits was
to attain a practically usable model for electronies teaching. On the
basis of the experience from the pilot project in the spring term 1968,
in which some different models were tried out, a revised model was drawn

up for use in the regular teaching in the spring term 1969, Method C.

Method C has been designed with regard both to the results of the attitude

tests and to the experience gained from the earlier models,

The diagnostic tests were initially intended only for measurements, but
soon came to be an integrated part of the learning situation., The posing
of well prepared questions, which all studeats had to answer and thus
became actively engaged, while the teacher could directly read the result,

proved to be both an effective ounid popular form of teaching.

As, according to attitude questions 2, 3 and 4 (App. 3), in method B the
students preferred to have an extra lecture period and in method A they

did not wish to have a repetition of the 1V programme, the rcpetition was
eleminated and replaced by a prolonged discussion of the diagnostic test.

This then becsme method C.

To fit this method into the schedule, the TV programme for the folloving
weak is shown at the end of the 2-hour period (normally devoted to lectures

allotted for the diagnostic test and its discussion.

An attempt in E2-68 to run two packages a wecek was not very successful, for

which reason one package a week was run during the 12 weeks of the spring
term 1969,
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3.2

3.3

12.

Pesign

In view of the goal for the main experimeat, this experiment was designed
as a single-group experiment. Experience from the spring :erm 1968

thad shown that the rotation of the assistant teachers and the division of
the examination into two parts had very negative effects on the students.
The only special measurements that were made were two attitude tests, one
about midway through the course and one at the end. Otherwise a compilation
was merely nzde of available data such as attendance, diagnostic test

points and results of examinations.

Primary material frcm E,=69

The course has been a regular item for about 150 students in E, during

the spring of 1969. Continuous measurements have been made in 3he form of
diagnostic tests (DI). The final result was measured by an examination.

The examination was divided into two parts: a calculation part with 4
circuit-calculation problems and a theoretical part with 30 multiple choice
questions. The multiple choice questions are of the same character as the

DT questions but rather more difficult.
For the analysis the basic data were divided into the following variables:

No. 1 Attendance at diagnostic tests

2 Attitude test 1, question 1
3 LH n l, " 2
[‘ " " 1, " 15
5 n L1} 2. " l
6 " n 2’ 11 11
7 " 113 2. " 21

8 Entrance points to Institute of Technology
9 DT results = total peints in tests

10 Examination, practical calculation

11 " , theoretical

12 " , total points

13 DT/N, mean result of DT

14 Préparation tire 1

15 " 11

10
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Basic data are tabulated in App. 3.

A detailed specification of the variables is given below.

No. 1

10

11

ERIC
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indicates the number of answered diagnostic tests and varies

between 00 and 12.

are attitude points on the following scale: a = 5, b =4, ¢ = 3,

d=2, e =1, absent = -1,
question 1:1 What is your overall impression of this TV
- 2:1 teaching compared with average conventional
teaching?

a. much better

b. rather better

c. neither better nor worse
d. rather worse

e. much worse

question 1:2 As aid for independent study the diagnostic
" 2:11 test were
a. very good
b. fairly good
c¢. neither good nor poor
d. rather poor

e, Very poor

question 1:15 I considered the calculation excercises
" 2:2 a, very good
b, fairly good
c. neither good ner poor
d. rather poor

e. very poor

DT points. Every corrcctly answered question gives 1 poirt.

- Wrong answer O point. The variable comprises the total points

from all tests and may vary between 0 and 84. Total cbserce = ~1.

The practical examination consists of 4 problems, each of which

gives 0-10 points. Examination paper not handed in = -1,

The theoretical examination consists of 3¢ multiple choice
questions. Correct answer 0.5 point. The points may vary between

0 and 15, Examination paper not handed in = -1,

1
’
N
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14.

12 Total practical and theoretical points. May vary between 0 and
55, Examination paper not handed in = -1,
13 DT/N = mean result of diagnostic tests.
14 Al:13 In preparation for each weekly package I have
15 AlT:19 read on an average Scale
a. 0 - 14 min 1
b. 15 - 29 min 2
c. 30 - 59 min 4
d. 1~ 2nh 8

e. > 2 h 16

Absence from attitude test indicated by -1.

Analysis
For analysis of the basic data they have been punched on cards (App. 4).

BMD programmes have been used for the statisticsl analysis,
The following analysis were made:
(3.5) Correlation of basic data for all 186 students starting the course

(3.6) Study of the siynificance of attendance for the result of study

by breakdown into three attendance groups.

Correlatious between basic data

Large parts of the teaching at the Institute of Technology do not involve
compulsory attendance. It is thereforc not necessary to attend all or a
specific number of diagnostic tests or exercises in the Transistor Pulse

Circuits course. Certain basic data are thus lacking.

This must te taken into account in the analysis. In the calculations of

correlation we have used a special programme - BMD 03D, Correlation with
item deletion - so that all available data have been used. Therefore dif-
ferent numbters of individuals are included in the various calculations of

correlation,

It ie of interest to see l'ow attendance, DT points and preparation time

influence the result of the examinazjon.

18
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In the first place it may be said that the highest correlations can be
casily explained, since one variable is included in another, e.g. between
attendance (1} and DT total {9) or between examination, practical (10)

and examination, total (12).

COne might perhaps expect that both attendance (1) and high points in the
diagnostic tests (13) would be reflected in the theoretical examination (11),
which consists precisely of questions of DT type, but this is not the

case. (1) and (13) correlate instead with the practical examination. A
conceivable explanation is that these who do well in DT are generally

geod at electronics and those who get poor DT results spend more time

reading up the subject, i.e. the feedback from DT functions.

The correlation between DT (13) 2nd the attitude to DT (3) and (6) increa-
ses during the course, which may indicate that it takes some time to become

accustomed to the method of testing.

Entrance.points to the institute (8) and D poiunts (13} both correlate
with the examination (12), but not with one another, which may indicate

that they are measures of different kinds of ability.

The objective of working just hard enough to get through is revealed in
the negative correlation between entrance points (8) and preparation time
(14, 15).

In general the course does not appear to match up to the qualifications
of students who have high entrance points. Their negative attitude (2) is

reinforced during the course (3).

If the feedback wechanism with DT fuactions, there should be no correlation
between prepavation time (14, 15) and result of examination (12). The
correlation is also non-existent in this case. The very low correlation
between DT (13) and theoretical examination (11) points in the same direc-

tion.

19
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Influence of attendance

When a package coursc has been prepared, with all subject-matter specified
to particular pages in the textbook, one may question whether the studeuts

learn the course thanks to or despite the teaching.

In our case it is interesting to study the degree to which 2 high level
of attendance at the diagnostic tests and discussious leads to a better

result in examinations.

To study these questions we divided the material into three roughly

equalsized groups in respect of attendance:

group 1 with attendance 1 ~ 3 times
e 2 v 1 4 - 7 "
0 3 1" L1} 8 - 12 1

With the BMD programme 07D an analysis was made of the distributions of
the various variables and of the correlation within the groups, and the

inter-group difference was calculated.

Missing data were excluded in the same way as in the calculations of

correlation with BMD-03D.
Some of the group distributiong of the variables arc shown in App. 7.

The result of the analysis shows that there is a significant difference
between the groups in the practical examination and also in their attitude
to the satisfactoriness of the calculation exercises, at least at the

begiuning of the course (App. 7).

Those with a high level of attendance at the diagnostic tests do better

in the practical examination than those with low level of attendance.

One may thus presume that the teaching in the form of DT and discussions

has had the desired positive effect on learning.

There is a clearly significant positive correlatien between the DT results

(13) and attendance.

Comparing the correlation between DT (13) and theoretical examination (11)
within the three groups, it is found that group 1 (low attendance) has a
negative correlation (~0.40), group 2 slightly positive (+0.20) and group 2
(high attendance) positive (+0.50). A high level of attendance thus yields

better results in examinaticns botl during and at the end of the course.,

0 e
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Studying the attitudes to the usefulness of DT (3) and (6) one finds that
those who take part in many DT becomc more positive to DT as the course

proceeds.

Attitudes from E2—69

Two attitude tests were run during the spring term 1969, one in February
after package 5 (AL) and one in May at the end of the course but hefere
the examination {(AIl). The results of the tests with distributiou of

answers are shown in App. 8.

The general attitude to the course (I:1l, 11:1) is positive, even if the
positive attitude falls off sumevhat during the course. This is a familia-

rization effect which was noticeable also in the 1968 pilot project.

The diagnostic tests are considered to function well (I:2, I1:11). Cn an
average they motivate the students ior abeut 1 hour of preparatory work
(I:13, II1:19), consistiang of reading through the week”s material (I:l4,
I1:20, I1:10). Censidering that students normally read up the courses just

before the examination, this is a remarkable result,

One reason for this time devoted to independent study was the clear course
specification with page references for each package. This course specifi-
cation was considered a very positive factor and was put to thorough use

by the students {II:3).

A more detailed comparison is given below between the questions in the
first and second tests. Scme questions relating to the diagnostic tests
form part of a special report to be issued later and are therefore not

commented on in detail at the present juncture.

121— sestessesesstesditn
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Comparison between attitude tests I and IL for E,-69

I 11

May

Question No.

1 1
2 11
3 7
4 8
5 9
6 -
7 12
8 15
9 16
10 -
11 25
12 27
13 19
14 0
15 2
- 3

Comments

The total impression of the ceurse is positive, thouph
slightly less so towards the ond of the couvse

DT are satisfactory; more positive attitude at beginning
than at end

Pace of TV progranmes rather tec fast, esprcially towards
the end of the course

Quautity of informatien in the 1V prograsmes reasonable

The adaptation of the TV teaching to the students” level
of knowledge is considercd tv dirmiuish duriug the course.
This may be Decause the difficulty of the course increasd;
tosards the end,

The TV programres are considered rather too short.

Five-screen slide projection better than TV for display o
diagnostic tests

The time allowed for answering of the diagnostic tust
questions was at large considered to be sufficiant,

DT should be cormented on preferably by going through cach
alternative, including the distractors.

1f a package werc to be repeated, the only preference is
for the conventional lcsson. This may be because the courss
is rather too difficult and would therefore n:ed nnve
explanaticn.

The usefulness of the laboratory exercises was considered
quite satisfactory, an opinicn which was reinforced as the
course proceeded.

The difficulty of the laloratory coxperivents was coasideral
reasonabley their difficuelty sheuld perhaps be increascd

as the course proceeds,

The average preparation tire, 1 Lour, diminishes slightly
during the vourse.

The mativaticn for preperators wordk shifts elightly frem
L4

"to get threough DTV to "nommal pethod of study'™.

The calculaticn excrcises were nediocre but iwproved.

The course specification was of great use.

LD |
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I 11
Yebruary May
Question No. Comments
- 4 The calculation exercises and laboratory experiments are
- 5 the elements which chiefly need to be improved.
- 6 The theoretical part of the TV programme should be repeated
before the calculation exercises.
- ] 10 DT necessitate some preparation before the lesson, and this
- is considered a positive factor by many students.
: - 13 The feedback from DT is considered to function.
- 14
. - 17 Practically no student is disturbed by the fact that the
{f others can see his DT score during the test.
- 18 Easy to follow one”s own score on the ESAU display.
- 22 The calculation exercises should possibly contain wotre
theory.
- 23 The calculation exercises have covered a reasonable nurher
of problems.
- 24 The difficulty of the calculation exercises has been wmoder i
to rather too difficule,
- 26 A generally reasonable number of laboratory experiments.
- 28 The students have received sufficient help in the laboratory
(\ experiments.
'
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3.8 Experience from use of different response collection systems
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In the development of teaching models and systems the feedback technique
is of the greatest significance. There are different types of feedback

from the diagnostic test:

Diagnostic
test
STUDENT COURSE
Y DEVELOPER
indicates those
TEACHER parts of the course
that need
indicates improvement
where further
instruction
is needed

Fig. 6 The diagnostic tests give three types of feedback.

l. to students, who can thereby better plan their studies

2. to the teacher, who can thereby give both better individual and group

instruction

3. to the course developer, who thereby obtains an cffective basis f{or

revision of the course material.

To obtain feedback, suitable measuring data nust be collected and processed

into an interpretable result,

In the integrated teaching of applied electrenics the actual measuring
instrument has been developed in the form of programmed diagnostic tests of

wiltiple choice type (2).

There are several ways of colleccting the answers from these tests. The
choice of method will depend on the type of fecdback desired and the cost

that can be accepted.

),
et
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The types of response collection that we have used are:

1. Template-corrected answer forms

2. Respondex, Elopin system (multiple choice mentometer type)

3. ESAU, electronic responder with individual response col lection

4. Optically read response cards for correction in a computer (Service

Group for Optical Scanning, SOL, former KLP Group).

In the first term in which the course was used the main object of the

tests was to collect data for evaluation of the function of the TV program-
mes in the teaching model under trial. We then used template-corrected
answer forms, the result from one week being discussed in the following
week, Correction and item analysis were done by hand and took rather a

long time.

But it soon became clear that some form of instantaneous electronic

response collection would be desirable for quicker feedback,

A srecification for an electronic responder (ESAU) was then drawn up in

collaboration with Gerhard Westerberg, who later developed the prototype

of ESAU, the cost of which were borne by the TRU Committee.

Q
[E l(: ig, lectronic responder ESAU with central unit and TV-display.
Fig. 8 Thee onic ponie

The central unit is here operated by the designer Gerhard Westerberg.

A =
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ESAU was used for the first time cn a refresher course for teachers in
August 1969 and met with a very positive reception. The diagnostic tests
met with a very favourable response in their attitude test. The teachers

also expressed a desire to use the DT technique in their own classes.

Another system, Respondex, was used for the same group of teachers. This
merely shows the numbers of answers under each alternative, which suffices
for the student and teacher, but cne loses the information for the item

analysis which is of value to the question designer,

Fig. 9 The Respondex system only gives total scores on each alternative
A-D.

ESAU was then used on a regular basis in the Transistor Pulse Circuits
course in the spring term 1969, The quick recording of answers meant that
the DT questions could be used in a new and more active manner. Each
question was immediately followed by comments on the correct alternative

and the distractors.

The time taken on discussion of each question was adapted to the result,
and more time could therefore be given to unclear points. To facilitate
the running of the tests, a control system was developed which both control-
led the display of questions and issued scanning orders to ESAU. The new

system, DIATEST, was run with good results during the autum of 1969 for E

3
in the linear course.

26
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Fig. 10 A diagnostic test run with ESAU. After each question the

alternative answers are discussed in detail.

One might think that courses based on well programmed material and contai-
ning diagnostic tests for check of learning would run pretty well under
their own steam. That this is not so is shown by the Transistor Pulse
Circuits course in the spring of 1970. The course was run with temporarily
deputizing teachers (four teachers took part) and with different types of
response collection in the diagnostic tests, as during certain periods ESAU

was unavailable, being under trial for other assignments.

At half-term the students reacted against this arrangement and demanded -

and obtained - the conventional lecturing.

A contributory reason may be that the course is relatively difficult, as

shown also by attitude tests in previous years.

()‘ 2]
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The attitude to this course indicates that programmed courses with DT
require accustomed teachers and sufficient time for the students to become

familiar with the apparatus.

Responder systems of ESAU type arc probably still too expensive for the
broad educational market, and in particular they are not available in

schools today, so that other forms of response collection must be used.

The same applies to the examinations which we have run with multiple choice
questions, in which the cheating risk is all too great with ESAU. We have
therefore used the SOL (Service Group for Optical Scanning) system with
optically read answer forms which are processed in a computer. The correc-

tion programme includes an extensive item analysis.

The design of good questions is difficult and takes much time. We have
therefore developed a questions bank in which the questions and their iten
analysis are collected. New questions are successively added to the bank
in collaboration with other institutes. The work on the questions bank will

be dealt with in a separate report.

Fig. 11  Next page shows an example of an answer fomm for optical

scanning used by the SOL Group.

2
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ECONOMY

The PE Group project with "integrated tecaching of Transistor Pulse Circuits"

must be regarded as a research and developument project of new and partially
untried methods. The costs of the pruject can therefore not be said to be
representative of regular teaching with integrated feedback and computer

follow-up of the results.

To give some idea of the costs and investments involved in a development
project of this type, the six largest items of expenditure are tabulated

below.

1000”"s of kronor |

1. Swedish Board of Technical Development grant for

development of methods 225
2. 4 textbooks at 50,000 kr 200
3. ESAU prototype, cost borne by TRU Committee 100
4, 15 TV programmes at 15,000 kr 225

5. IV installations (Chancellor of the University) approx., 150

6. New investment in laboratory (oscilloscopes) (Institute
of Technology and Division of Applied Electronics) 100

Total approx. 1 million kr

The investments made in this project by different organizations and

coripanies have brought a dividend in different forms,

The Swedish Board of Technical Development grant was necessary for the
development of methods and follow-up of knowlcdge and attitude results in
pilot and main projects. The methods have partially served as a pattern
for other projects at the Institutes of Technology in Stockholm and Lund.
Programmo-controlled miltiple choice systems are now used within the
Divisions of Physical Metallurgy and Electiical Engineering at the
Institute of Technolegy in Stockholm, and packaged courses have been
further developed at the Division of Applied Flectronics at the Institute

of Technology in Lund,

Programe-coitiolled diagnostic tests weve orviginally introduced as a
measuring instrument in the TV teaching of Trinsistor Pulse Circuits, but

are now an iitegrated part of the teaching.

)
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The methods for diagnostic follow-up have been tested on a large scale in
a project run jointly with the Swedish Broadcasting Corporation and the

teaching aid producing company Liromedelsfdrlagen.

As appears from the half-year report of the PE Group (Jan. - _Lune 1970)

the methods developed have met with a great interest both among techaicians
(for continuation courses within industry) and among educationalists. The
methods have been presented at a number of conferences and in lectures at

the request of various interested parties.

The development project may therefore be said to have a value as a model
for similar teaching systems, which justifies the grant made by the Board
of Technical Development. This grant represented a forward-looking invest-

nent in a field in which the Board had earlier had little experience.

Ninety per cent of the textbooks have been sold outside the Institute of

Technology, which justifies the publisher”s investment.

The firm Lumalampan lias taken up the manufacture of ESAU, which will

partially compensate the TRU Committee for its investment in the prototype.

The TV programmes have been used at the Institutes of Technology in
Steckholm, Linkdping and Lund. Several upper secondary schools (Class 4,
Telecommunications Line) could have made use of these programmes. Unfor-
tunately these schools have beea unahle to obtain coples of the tapes from
the TRU Coamittee (although no copyright objection exists). From the
economic aspect it is regrettable that the TV production as carly as

February 1968 has not been put to wider use despite a considerable demand,

The installation of TV wonitors, cubling, video tape recorders and intetcom
telephones in lccturing rooms in the old Electrical Engineering wing at

the Institute of Technology must be partially regarded as a test of suitable
equipment and cannot be charged in its entirety to the teaching of applied
electronics. The installaticn has later been used for regular TV teaching

also of other subjects.

The change to parallel ruaning of the Faboratory experiments in applied
electronics was done on pedajogical greunds. This iavestoent would scon have
become necessary even if no developnent preject had beea under wav. The role
of the TV project in this respect was chiefly to accelerate an inevitable

Ry
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FINAL SUMMING UP

The experiment in integrated teaching of Transistor Pulse Circuits shows
that lectures can very well be replaced by introductory TV programmes and
independent study checked by diagnostic tests. A condition for effective
integrated teaching is a clearly formulated course specification and care-
fully designed diagnostic tests. To facilitate the t .azher”s work these
tests should be programme-controlled and there should be means for quick

correction.

Properly designed diagnostic tests can be used by the student for checking
the results of his studies, by the teacher for adjusting his teaching to
the needs of the students, and by the course developer for revising the
course material. Automatic methods for display of questions, recording of
answers, and data processing of the results are essential if the teaching

is to be process-controltled.

Experience from the programme-controlled DIATEST system has been very pro-

mising in this respect.

Altogether three classes of technologist students have taken part in the

experimental teaching. Preliminary results from the two courses in the spring

of 1968 have been published in the PE Group Report PE-4 (in Swedish), and
the DIATEST system has been described in Report PE-7 (in English). The ESAU

response analyser has been dealt with in two articles [6, 7).

In a later project - a report of which is expected to be published in the
autum of 1970 - expericnce will be given of an experiment in process-

controlled teaching on a large scale in Class 4 of upper secondary school.

A third project may possibly deal with the means of measuring activity and
creativity elements in the teaching process. Such measurements consitute
a condition for a more just evalvation of the work done by students and of

the results of their studies.

an
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Appendices

1. Course specification

2a, Examination results, Spring Term 1968

2b, DT results and correlations, Spring Term 1968
3. Attitudes from pilot project, Spring Term 1968
4. Positions of basic data on punched card, E2*69
5. Primary data from E,-69

6. Correlation natrix_for E2-69

7. Data stratified on variable No. 1, attendance

8. 1. Attitude test I, February 1969
2. Attitude test 11, May 1969
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App. 1
Course specification
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App. 2a

Examination results, Spring Term 1968

Exam 1 Exam 2
Group x a x g n
1 1.13 0.48 1.06 0.52 20 Second-year
2 1.16 0.43 1.08 0.68 20 course Ez
3 1.16 0.40 0.96 0.70 20
4 0.97 0.44 0.50 0.82 22
Exam i Exam 2
Group x J X o il
SESESUPI I SO VR
1 1.01 0.36 1.07 0.78 24 Thixd-year
2 1.08 0.35 0.93 0.64% 26 course F,
3 1.08 0.39 0.38 0.64 27
4 1.07 0.43 1.12 0.63 23

Standardized group means of points ia the two cxaninations.

{(Relate to students who hiave taken part ia both examinations.)
P

El{llC a6
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DT results and correlations, fpring

Term 1968

Packages 2-6

Packages 7-11

Entrance points

Group X a x o X
1 0.90 0.46 1.05 0.45 44.69
2 1.05 0.48 0.95 0.52 45.19
3 0.96 0.43 1.00 0.52 42,28
4 1.06 0.47 0.98 0.54 l 45.84

Packages 2-6

Packayes 7-11

Entrance points

e —
Group x V] Y ] X

1 1.04 0.47 0.90 0.44 h%.57

2 0.98 0.46 1.15 0.40 44,61

3 1.06 0.35 1.16 0.40 41.96

4 0.91 0.41 0.75 0.46 41.51
Standardized DT results added together into half-term values.

Metliod A underlined.

Correlation betwcen k, Fy
DT and Exam

2-6 1 practical calculation 0.31 0.41
2=06 I theoreticat 0.34 -0.10
7=11 11 practical calculatien 0.29 0.c0
7-11 11 theorctical n.15 =0.52

App. 2b

Second-yenr

course EZ

Third-year

courvrse E3

Coefficients of correlation between DT results and examination results.

g7
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Attitudes from pilot project, Spring Term 1958 o App. 3

35

(for EZ and H] coitbined)

The specification of the course objectives to particular pages f{or each
package was an aid which [ utilized
a) every time

b) usually

¢} sometimes

d) occasionally on trial

e) not at all

(Question 1 relates to methods A

q T

The replacenent of a lecturing pevicd by & orepetrtion of the 1V [cogranme

would, [ coasider, be

RO

a) much better

b) rather better

c) neither better nor worse

d) rather worse

¢) nuch worse

— g

(Question 2 relates solely %o method A)

Being able to sce the TV programmw bLefoie reading the textbook was,

I consider,

a) much better
b) rather better

¢) neiiher better nor worse

d) rather worse

e) much worse

(Question 3 relates soleiy to method B)

To add an extra lecturing period between diapnostic test and 1V progrance

would be, 1 consider, 4

a) much better

b) rather better

et e e~ . —— ———

¢) neither better nor worse

d) rather worse

e) ruch wourse

2

(Question 4 relates solely to method B}

The ability of the TV teaching to provide a basis for the circuit celeculation

cxercises was 1

a) very good

———

b) fairly good

¢) neither good noer poor

4} rather poox

e) very poor

(Question 5 relates solelv o wethod )



O

ERIC

Aruitoxt provided by Eic:

Positions of basic data on punched card, E_-69

O 0N N o D WN e

[ S S Y
v W N = O

18 o 02

class + year
national registration number
presence at DT and lectures
Attitude I to the course
" I wvalue of DT
" 1 circuit calculation exercises
Attitude II to the course
" 11 value of DT
v 11 circuit calculation exercises
Entrance points tc Institute of Technology
DT points, total
Examination, practical calculation
" , theoretical
" , total
DT points, mean
Preparation time 1
" A &1

39

Positions c1 card
1-6
7 - 16

17 - 18
18 - 20
21 - 22
23 - 24
25 - 26
27 - 28
29 - 30
31 - 34
35 - 36
37 - 39
40 - 42
43 - 45
46 - 47
48 - 49
50 - 51

App. 4




Variable No.

PRIMARY DATA FROM E2-69

Bilaga 5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
11 5 4 3 4 5 3 4675 61 32,0 14,0 46,0 5,5 3 2
00 -1 -1 -1 -1 -1 -1 5150 -1 -1 -1 -1 -1 -1 -1
11 1 3 1 2 1 4625 41 0,0 8,0 8,0 3,7 8 16
07 4 4 -1 -1 -1 4300 27 6,0 13,5 19,5 3,9 1 -1
07 4 4 4 -1 -1 -1 4875 32 0,0 11,0 11,0 4,6 16 -1
01 - - -1 -1 -1 -1 4875 02 -1 -1 -1 2,0 -1 -1
04 5 4 2 -1 -1 -1 5025 25 -1 -1 -1 6,3 z -1
00 -1 -1 -1 -1 -1 -1 4250 -1 -1 -1 -1 -1 -1 -1
12 4 4 3 4 5 4 -1 71 27,0 14,5 41,5 5,9 2 2
07 4 2 1 2 2 3 4725 27 9,0 10,0 19,0 3,9 2
07 -1 -1 -1 4 5 3 4800 22 16,0 22,0 38,0 3,1 -1
04 2 4 2 -1 -1 -1 5375 17 14,0 9,5 23,5 4,3 4 -
04 -1 -1 -1 -1 -1 -1 4675 09 7,0 9,0 16,0 2,3 -1 -1
10 4 3 4 1 1 5 4700 42 32,0 10,0 42,0 4,2 16 8
09 4 5 4 4 3 4750 45 20,0 14,0 34,0 5,0 B 8
09 S 4 2 3 4 4 4775 49 20,0 11,5 31,5 5,5 12
10 4 4 4 3 2 4700 41 23,0 9,5 32,5 4,1 8 16
o0 -1 -1 -1 -1 -1 -1 4850 -1 20,0 10,5 30,5 -1 -1 -1
06 2 5 5 2 4 2 4925 27 -1 -1 -1 4,5 1 1
o1 -1 -1 -1 3 3 2 4700 03 0,0 6,5 6,5 3,06 -1 1
06 4 4 2 -1 -1 -1 4725 23 -1 -1 -1 3,8 4 -1
07 4 3 1 2 1 2 4825 29 -1 -1 -1 4,1 8 16
12 4 4 5 3 4 4 5175 56 19,0 12,5 31,5 4,3 4 6
03 3 4 3 -1 -1 -1 4250 08 -1 -1 -1 2,7 2 -l
06 5 -1 4 4 -1 4 4900 33 33,0 14,0 47,0 5,5 8 4
01 -1 -1 -1 -1 -1 -1 4675 05 10,0 11,5 21,5 50 -1 -1
11 4 4 4 4 4 4 4425 42 0,0 8,0 8,0 3,8 4 4
00 -1 -1 -1 -1 -1 -1 4375 -1 9,0 7,5 16,5 -1 -1 -1
11 4 4 4 3 4 4 5050 39 20,0 9,0 29,0 3,5 4 4
o1 -1 -1 -1 2 3 3 -1 05 -1 -1 -1 5,0 -1 1
03 -1 ~1 -1 ~1 -1 -1 4875 10 -1 -1 -1 33 -1 -1
03 -1 -1 -1 -t -1 -1 -1 08 13,0 10,5 23,5 2,7 -1 -1
0l 3 4 1 -1 -1 -] 4715 02 -1 -1 -1 2,0 2 -1
00 -1 -1 -1 3 3 2 4925 -1 -1 -1 -1 -1 -1 1
\97 4 5 3 4 4 2 4475 31 11,0 11,5 22,5 4,4 4 2
]EIQJ}:‘ -1 -1 -1 -1 -1 -1 4400 -1 -1 -1 -1 -1 -1 -1
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Correlation matrix for E2-69

Data comprise all 186 students starting the course in Spring Term 1969.

The correlation matrix was computed with the BMD programie 03D. The

programme excludes the missing values which are marked -1.
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Attitude test I, E,-69 (February 1969)

What is your overall impression of this TV teaching compared with average
50 %

conventional teaching?
]

2) much better
b) rather better

c) neither better nor worse

d) rather worse

e) much worse

As aid in independent study the diagnostic tests were
a) very good
b) fairly good

¢) neither good nor poor

d) rather poor

e) very poor

The pace of the 1V programmes was as a rule

a) much too quick
b) rather too quick
¢) reasonable

d) rather too slow

e) much too slow

a) much too great

b) rather too great
c) reasonable

d) some additional mitter could hLave been
included

¢) much additional matter could have been
inctuded

3) very good
b) fairly good
¢) reasonable
d) rather poor

e) very poor




6. 1 consider the length of the TV programees was

a) much too short

b) rather too short
¢) reasonable

d) rather too long

e) much too long

7. Comparing slides and TV for display cf diagnostic tests I think that

a) TV is much better

b) iV is rather better

(. ¢) TV is as good as

d) slides are rather better

e) slides are much better

avelage

8. The time allowed for answering of gquestions ts, 1

a) much too loag
b) rather too long
¢) reasonable

d) rather too short

e) much too leng

9. Comments after answers to questions should consist of
a) a thorough consideration of each alternative

b) a surmary censideration of each alternative

(‘ <) considevation only of the correct alternative
¥

d) merely indication of the correct alternative

10, 1f 1 were to repeat a course puckage I would most like a repetition of

(
. a) the 1V programme

b) the conventional lesson

¢) a nmixed lesson with diagnostic tests and 1V

d) the course literature

¢) the circuit calculation exercisc

O
.
L!()



11.

12,

13.

14.

15.
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As
a)
b)
c)
d)
e)

I sheuld like the laboratory experiments to be

a)
b)
c)
d)
e)

As
a)
b}
<)
d)
e)

The reason

a)
b)

c)
d)
e)

1 thought the circuit calculation exerciszes were

a)
b)
c)
d)
e)

50 7

aid in my studies the laboratory experimenis were |

very good

fairly good

neither good nor bad

rather poor

very poor

much more difficult

more difficult

as they are

easier

much easier

preparation for

0 -
15 -
30 -

] -

to get through the diagnostic tests

to prepare for the circuit calculation

14
29
59
2
2

min
min
min
hours

hours

for this time of preparation was chieflv

exercises

special interest in the subject

my normal method of study

other reason

very good

fairly good

neither good nor poor

rcther poor

very poor
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What i1s yvour overall impression ol this
conventional teachiap?
a) much better

b) rather bettaer
¢) neither bettoy
d)

¢) much worse

GO W rse

rather worse

Do you miss the lectures which wore e
a) ves
b) no

¢) doa”t know

Yhe specification of the course wbjecti
package was an aid which L utilized

4) overv time

b) usually

¢) sometines

4d) ovccasionally on tiial

¢) uot at all

Should any of the Tellowing phases in t
thoroughly, repcatred, ov proloaped?
O EERY

L)

L‘) CRerelses

DT

d) laboratory experinents

Shoald any of
clininated?
a) 1y

)
C¢) exercives

d)

oy

Laboratony oxperniee uts
Would you like Lo have the

Y o dits entircs
theoreticval
broadcast

atl

\‘) outside
net at

38
<)

the following phaves 1o %

TV tewching compared with average

W4

e e s e oo e e ek

Vs o particular pages for each

e Y'Y

e

g At et e g e s e
.i" et e e S e e

. e e e o e e

GRS
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e pree of the TV prograres wis s

A) each too qulck
b) rather tou quick
¢c) reasonable

d) rather too slow

¢) omunh too slaw

The quantity of intormscion ia the |

a) much teo great

b} rather tuo great

¢) reasonable

d) some additional matier counld
llave been iuncluded

¢) much additional matter cou'sd
have been included

the adaptatoon of e IV tvachiiae o tho sovdonts apclii ity was

a) very good
bh) fairly pood

¢} reasonable

Jd) rather poot

¢) overy poor

2
)

Dl 3. Lo o et A e A o s e e i =

Vhat is the greatest value for you of the dinpoostic tosin?
a) that 1 prepare the lesson

b)Y that [ learn fro the actusl test
C)othat 1 oaead up whet L failed dn o the test

) othat the teacher pets to know what 15 wost
difficult in the course

¢} no value at all

As atdygn indepeadent study the dispgaosiic tosts were
a) very good :
b) fairly good

¢) neither good nor poov

d) rather poor

) very poor

Comparing slides and TV for display of diapnoestic teets 1 thiok that
e — i e i ¥~ e > eea o

a) TV is nuch betiey
B) IV ors rather better
¢} IV is oas good as

—— e e s A -

d) sltides are tvather bhetter

) slides are much SYotten {J(\‘



/. The pace of the IV prograsoes was as

a) wach Uou quick

L) ratiwer tooa quick
¢y reasonable

d) rather too s)ow

¢) nmuch too slow

8. The guantity of informatior ia the IV pro
a) wuch tov great 3§~
L) rather too great }‘f‘:!
¢) reasonable 2 i
d) zome additional vaticer could
have been included
¢) much additiond] matter could
have been inciuded
. Thee adaptation o the Y feachiioe to tha stefents T eapability was
. g e = o i + ocmnd
a) ey pood §
5) fairly pood S S
C) Teasoiable g-‘ o o
d) rather poom il
e) Moly pool ’
10, What s the preatest value for vou of the diurnos

a) that o prepave the Jessoa

o

bY that V learn fron Lhe actaal test

L S

¢) that T oread up what I Yailod o1 the test

- e s w2
-

d) that the teacher gots to know Widl s oot

ditficalt In the course T e S e e

Ly o i e A . e e

¢) no value at atl ‘;‘-’,L

[ s
11, As aild 1n indepeadent study the Jdiagnosile vents woere 50 7
e e - a e J
a) very good S
U
b) fairly good ,l"\: 2
-l S e .k A -

<) nelther puod ner pam

b - e e ————

d) rather poor

() Very poo
17. Conparing slidey and 1V for display of diagnostic tests T othink that
»»»»» e S NP
a) 1V is much better

b) iV is rather better
©) IV is as good as

Q d) slides are vather better

EMC ) slides ave mich bettey ('0
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Hild vou
testan?

Ay to o
h) part

C) oot

: 1
obtaln any

Lav, e et ot
yally

atoalt

' X . o b

d

selr=chedk" o0 veur Doowledee thacih the diagnostio

Have you voceived satisfaolony dnsiors Lo the gnestiony you asked alter the

CLASNOS
N
)V

a) wuch

b) rath

i teast

tder the time allowed tor

ton louyg

¢y Lo Longy

¢) 1easunabie

d) rath

¢) murly

Cominents after answers to guestions should cueis
a) a thorough counsideration of cach alternovive
b)Y a sumnary censideration of cach altormat i

) considevation only of the cormect altoraative

d) merely indicotion of the cerrect slternative

cr otoo short

too short

Do you mind gening vour

@) Tam awave only of mny own position

b) make

s no diffarence

) oannoying

dy very

1} d yon
a) wes,

b) ves,

¢) no

As proep

ay 0 -

d)

—
i

e) >

disturbiog

have difficuity
alwavs

oceasionally

aration for eacn

2 hours

2 hours

i/ I

T e L gy

fellow-students” secres o Lt they seo yours?

P = e e o P g+ i e e et

3
50 Z

in follewiny your vwu score en the 1V sereeat

course package T have el the textbook on
4

A >t et

O

i ———— ———— S — -

an

average
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The reascn {or this tine of propieaiion

A) Lo pet through the diagnostic tests

L) to prepare for the ciiouit

cajeulation vrerclses
¢ special interest in the suhjeat
d) my normal methad 1 s tndy
¢) other resson

1 thought the circutt catvalatian

a) very goud

) faivly good

¢) neither goud nor poor
1

J rather poor

) very poor

4) wore theory
b} more detatled calculaticn

¢) prosent content

Was the nwwer of problems to be solved por cxercise reasonablo?
- |
g ~w.»~,_,.-~b,-_-/7 e

d4) tuo nany
h) resonable

\L) too Toy

What was the degree of difficulty of the catenlition wxercises?
a) too difficuit
h) reasonable

¢) tou easy

As ald in ny studices the laboratory exporbirents vere

e e e it e + e ot o

,\)O\:\

a) vevy

) f s et e et
T)) fai l']_\' gund
¢) neither good noy bad
d) rather poor

¢} very pouol

O

il
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2

Al

The

a)

1)

o

d)

e)

nunber of laboratory

aich Lun larvge
rathier too large
reasoniable
vather tovo small

mueh too small

experiments was

50 7

U S U |

I should like the laboratory experiments to be

f B S S S —— |

A) wuch more difficule

b)
c)
d)
e)

more difficult
as they are
2asier

vuch casier

Did you receive the

a)
h)

yves

noe

assisbianee

Y

W

1

necided

t.

laborstory experiments?

[URER |

o



