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PREFACE 

This research has been commissioned by The South African Institute of 
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special word of thanks is due to Mr R.A. Heydenrych who chaired the meet­
ings, and to all the engineers and technicians who participated in the sur­
vey. 
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THE IDEAL SKILL MIX IN THE CIVIL ENGINEERING INDUSTRY 
CHA PTER 1 

1.1 BACKGROUND AND AIM 

INTRODUCTION 

Both the engineer and the engineering technician play a crucial role 
in the civil engineering industry. Although this industry is sensitive to 
economic fluctuations and the demand for labour varies in accordance with 
the economic cycle, there is little doubt that both these categories of la­
bour will be in short supply over the long term (Van Pletzen 1981, Terblanche 
1981). Because of the relatively long training period there is no quick and 
easy way to alleviate the problem of manpower shortages except to pursue an 
active immigration policy, and these categories of labour should consequent­
ly be regarded as scarce resources and used accordingly. 

Research conducted by the HSRC in 1973 (Ebersohn 1975) has indicated 
that engineers were often doing tasks on the technician level. As engineers 
are usually drawn from the top scholars (a very scarce resource) such a 
situation is undesireable. Research by Smit (1976) has shown clearly that, 
although technicians at the NOT level are drawn from the above average 
achiever in maths and science at school, only a very small percentage (about 
S %) of the learner technicians would complete an engineering degree. Because 
the potential pool of school leavers from which learner technicians can be 
drawn is larger than that from which engineers can be drawn, it can be con­
cluded that it should be easier to increase the supply of technicians than 
the supply of engineers. 

The South African Institute of Civil Engineers (SAICE) believes that 
if the 11ideal 11 ratio between professional engineers and technicians could be 
determined, a more realistic assessment of training needs in the civil 
engineering field could then be made. SAICE has requested the HSRC's Insti­
tute for Manpower Research to undertake research in this regard. It is 
therefore the aim of this study to determine the present ratio between en­
gineers and technicians and to indicate what a more 11ideal 11 ratio should be. 
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1.2 METHOD 

The present ratio between engineers and technicians is inter alia 

influenced by how these groups are utilized. If the engineer is indeed do­
ing work that could be performed just as efficiently by a person with a 
lower qualification, then he is underutilized. Basic to this approach is 
the assumption that a qualified engineer and a technician (although indi­
vidual differences will occur) should each be able to do a certain minimum 
amount of work at a certain level of complexity. 

Only a few research options were open. The ratio could have been 
determined by detailed job evaluation but this approach would have been 
extremely expensive and time consuming, not only in terms of real research 
expenses but also in terms of lost production time for any organization 
taking part in the survey. A more economical but also more subjective 
research design was therefore used. The engineers and technicians were 
asked to indicate the percentage working time spent on a list of job functions 
and to indicate, for each job function, what percentage of the time spent 
on each function could be performed just as efficiently by a person with other 
qualifications (see Appendix A, Question 10, Columns A, B and C). 

The list of job functions was drawn up after discussions with civil 
engineers and finalized by an advisory committee appointed by SAICE. This 
committee also agreed with the methodological approach used in the study. 

A sample of 226 firms, nine government departments, local authorities 
and provincial administrations were contacted and asked if they would be 
willing to distribute questionnaires among the civil engineers and techni­
cians (including draughtsmen) in their employ. 

All the consulting firms listed by the South African Association of Con­
sulting Engineers and a selection of the large construction finns listed by the 
South African Federation of Civil Engineering Contractors, as well as nine public 

authorities (Government departments, local authorities and provincial administra­
tions) were asked to participate in the survey by distributing questionnaires 
among the civil engineers and technicians (including draughtsmen) in their employ. 

The co-operation of 103 finns was obtained. Questionnaires were then 
sent to these firms (see Appendix B) in which they were requested to indicate 
the structure of their personnel. Of the 103 firms, 65 returned satisfactorily 
completed questionnaires. The survey took place during June to August 1981. 
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1.3 THE SURVEY GROUP 

Table 1.1 shows the research group in tenns of organization and 
position in the organization. Table 1.2 gives a qualification breakdown 
and Table 1.3 the age structure. The totals in the various tables differ 
slightly because not all the respondents supplied all the required infor­
mation. 

Engineers (both professional and graduated) made up the bulk of 
the sample (6b %). 

The employer group structure of the engineers was as follows: 

Cons ult i ng fi nns 
Construction firms 
Government sector 

N % 
700 59,7 
184 15,7 
288 24,6 
172 100 

Table 1.3 shows that the group of graduated engineers must contain 
quite a number of engineers in training because 71 % are in the age group 
25-29 years, after which the percentage drops sharply when compared to pro­

fessional engineers. The age structure of this sample compares well with 
the age structure obtained in IMAN 1 s salary survey (Van der Walt 1981) in 
which 1 952 civil engineers took part. 

The educational level of the survey group was categorized as follows: 

Group u] 

Std 1 0, NTC I I I 

Group (i} 

RSA qualifications 

National Technical Certificate (NTC IV & V) 
Advanced Technical Certificate (ATC I and II) 
National Certificate for Technicians (NCT) 

-3-



Intermediate Diploma for Technicians ( IDT) 
National Teaching Diploma (Technical) 
Certificate of Competency as Telecommunications Technicians 
(Post Office) 
Typing Diploma - two years' post matriculation training 
Secretarial Training - two years' post matriculation training 
Other 

1 1 8 11 certificate with specialization (Belgium) 
MeisterprUfung (Germany) 
Ordinary National Certificate (ONC Britain) 
City and Guilds of London Institute (CGLI) 
Final Technical Course (Britain) 
Engineering Certificate (Victoria, Australia) 

Group Ci] 
RSA qualifications 

National Technical Diploma (NTD) 
National Engineering Diploma 
Higher National Certificate for Technicians (HNCT) 

Other 

Staatlich GeprUfter Techniker (Germany) 
Middelbare Technische School (MTS, Netherlands) 
Uitgebreid Technische School (UTS,Netherlands) 
Higher National Certificate (HNC,Britain) 
CGLI Full Technical Course (Britain) 
Engineering Diploma (Australia) 
Diploma for Electronic Technicians (Bulgaria) 
General Mechanical Technician Diploma (Hungary) 
Technical Diploma (Poland) 
National Technical Certificate (Switzerland) 
Technical Diploma (Czechoslovakia) 
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Group[!} 

National Diploma for Technicians (NOT) 
Higher National Diploma for Technicians (HNOT) 
Government Certificate of Competency 
Certificate as Mine Surveyor 

Group Ci] 
Hogere Technische School (HTS, Netherlands) 
Government Certificate (Rhodesia) 
Chartered Engineer (CE, Britain) 
Diplom HTL (Switzerland) 
Technische Ingineer with Specialization "A/ (Belgium) 
Technische Ingineer with Specialization "A/ (Belgium) 
B. Tech. (Australia) 
Dip. Tech. (Britain) 
Higher National Diploma (HND, Britain) 
Technische Ingineer 11 A 11 (Belgium) 
Ing-Grad (Germany) 

Group [iJ 
Bachelor 1 s degree in engineering 

Group [zJ 
Honours and higher degrees 

As can be expected, more than 90 % of the engineers had at least a 
B. degree in Engineering. 

A total of 476 technicians, draughtsmen and technologists were 
included in the survey. The technicians in the government sector and con­
struction firms had an appreciably higher educational level than those in 
the consulting firms. 
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TABLE t.2 

QUALIFICATION LEVEL OF THE SURVEY GROUP BY OCCUPATION 

Qualification level 
Occupation Total 

1 2 3 4 5 6 7 N % 

A. Consulting finn 

Professional engineer N 31 353 146 I 530 52,2 
% 5,8 66,7 27,5 100 

Graduated engineer N 3 117 50 170 16,7 
% 1,8 68,8 29,4 100 

Technologist N 1 4 3 15 t 24 2,4 

% 4,2 16,7 12,5 62,5 4,2 100 
Technician N 40 36 25 73 6 1 181 17 ,8 

22, 1 19,9 13,8 40,3 3,3 0,6 100 
Learner technician N 17 6 3 1 27 2,7 

% 63,0 22,2 11,1 3,7 100 
Draughtsman N 25 15 4 8 2 54 5,3 

% 46,3 27,8 7,4 14,8 3,7 100 
Learner draughtsman N 7 1 8 0,8 

87,5 12,5 100 
Other N 8 1 5 1 4 3 22 2,2 

36,4 4,5 22,7 4,5 18,2 13,6 100 

TOTAL N 98 62 36 102 44 475 199 1 016 100 
9,6 6, 1 3,5 10 ,0 4,3 46,8 19,5 100 

B Government sector 

Professional engineer N t 6 131 55 193 45,0 
% 0,5 3, 1 67,9 28,5 100 

Graduated engineer N 1 76 18 95 22, 1 
1 , 1 80,0 18,9 100 

Technologist N 1 1 2 15 1 20 4,7 
5,0 5,0 10,0 75,0 5 ,0 100 

Technician N 13 5 6 62 2 1 89 20,7 
% 14,6 5,6 6,7 69,7 2,2 1,1 100 

Learner technician N 7 1 2 1 11 2,6 
63,6 9, 1 18,2 9, 1 100 

Draughtsman N 9 2 1 12 2,8 
% 75,0 16,7 8,3 100 

Learner drau�htsman N 1 1 0,2 

% 100,0 100 
Other N 6 1 1 8 1,9 

% 75,0 12,5 12,5 100 

TOTAL N 37 9 10 80 10 208 75 429 100 
% 8,6 2.1 2,3 18,6 2,3 48,5 17 ,5 100 

·-

r 
Construction firm 

Professional engineer N 3 1 11 71 13 99 32,6 
3,0 1,0 11,1 71, 7 13, 1 100 

Graduated engineer N 1 2 13 54 15 85 28,0 
1,2 2,4 15,3 63,5 17,6 100 

Technologist N 1 1 4 6 2,0 
16,7 16,7 66,7 100 

Technician N 5 3 8 60 2 78 25,7 
% 6,4 3,8 10,3 76,9 2,6 100 

Learner technician N 6 6 1 13 4,3 
% 46,2 46,2 7,7 100 

Draughtsman N 1 1 2 0,7 
50,0 50,0 100 

Learner draughtsman 

Other N 2 2 5 7 2 1 2 21 6,9 
o,' 9,5 9,5 23,8 33,3 9,5 4,8 9,5 100 l Jo 

I 

TOTAL N 16 11 16 72 32 127 30 304 100 
I � 5,3 3,6 5,3 23,7 10,5 41,8 9,9 100 
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2. 1 INTRODUCTION 

CHAPTER 2 
UTILIZAT ION OF WORKING TIME 

The first step in detennining the ratio between engineers and tech­
nicians was to determine how engineers and technicians spend their working 
time. How to obtain infonnation in mail questionnaires has been frequently 
debated by researchers. Should one state a specific time span or would a 
general question suffice? To determine the difference in results between 
these two approaches, both questions were asked (see Appendix A, Question 
10, Columns A and B) . In Column A the respondent was asked to indicate the 
average time spent on each of a list of specified job functions and in 
Column B to indicate the time spent during the last two weeks. 

After obtaining an indication of the percentage of working time 
spent on each job function, the respondent was then asked to indicate what 
percentage of the time devoted to a specific job function could be performed 
just as efficiently by a person with other qualifications (see Question 10, 
Column C). 

2. 2 TIME DEVOTED TO JOB FUNC.ll ONS 

Table 2.1 indicates the percentage time spent on the various job 
functions during the last two weeks and Table 2.2 the average time spent. 

It should be remembered that the percentages supplied by respondents 
were not exactly detennined. They should therefore be regarded as estimates 
since many respondents supplied percentages in multiples of five. The 
total percentage time spent on all functions should of course add up to 
100 but totals ranging from 95 to 105 were accepted. The X columns in 
Tables 2.1 and 2.2, therefore, do not add up exactly to 100 and decimal 
points are left out. 

Tables 2.1 and 2.2 indicate the average working time spent on a 
function for the number of respondents in a group. Not all the respondents 
in a group devoted time to a specific function. Analysis shows, for example, 

-9-



that only 152 of the 350 graduated engineers (43 %) devoted time to prelimi­
nary investigation during the last two weeks. On the other hand 234 (67 %) 
indicated a percentage on the "on average" question. Generally speaking, a 
much higher percentage was indicated on the 11last two weeks" question by 
those who performed the function over the last two weeks, than on the 110n 
average" question. Taking graduated engineers again as an example, 43 % 
indicated an average of 28 % of their time devoted to preliminary investi­
gation in the case of the "last two" weeks and 67 5� indicated an average of 
12 % in the case of 11 0n average". 

Table 2. 1 and 2.2 show that, provided the numbers in a group are 
relatively large so that the specific situation of a few individuals does 
not have much influence, the way in which the question is asked does not 
make that much difference. The differences in the two tables for profes­
sional engineers, for example, are small. Both tables indicate that pro­
ject management and managerial and administrative functions are the two 
job functions on which the largest percentage of working time is spent, both 
in the order of 16 %. Graduated engineers devote less time to managerial 
functions than professional engineers, but more to detail design. Project 
management is their single most important function. As can be expected, 
draughtsmen devote the bulk of their time to detail documentation. 

Table 2. 3 shows the results of the answer to Question 10, Column C, 
i. e. what percentage of the work indicated in Column B could be performed 
just as efficiently by a person with other qualifications? As far as the 
engineer group is concerned 1

1measurement 11 stands out as the job function 
in which a considerable amount of the work can also be done by people with 
other qualifications. Also high on the list is managerial and administra­
tive functions. There is of course an interrelationship between the 
percentage of the work that other people can do and the percentage of time 
devoted to a specific function. Table 2. 1 indicates that 16 % of the working 
time of professional engineers is devoted to managerial functions and 9 % 
to measurement. If 18 % of this time is devoted to work which another per­
son can do it means that roughly 3 % of the total working time or job can 
be done by persons with other qualifications. In the case of measurement 
it is about 2 %. 
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0
 

t1l
 

�
 

�
 

�
 

�
 

TA
BL

E 
2 .

 1
 

AV
ER

AG
E 

PE
RC

EN
TA

GE
 O

F 
WO

RK
IN

G 
TI

ME
 S

PE
NT

 O
N 

EA
CH

 J
OB

 F
UN

CT
I O

N 
DU

RI
NG

 T
HE

 L
AS

T 
TW

O 
WE

EK
S 

BY
 T

HE
 T

OT
AL

 S
UR

VE
Y 

GR
OU

P 
Pr

of
es

si
on

al
 

Gr
ad

ua
te

d 
Te

ch
-

Te
ch

ni
ci

an
 

Le
ar

ne
r 

Dr
au

gh
ts

-
Le

ar
ne

r 
Ot

he
r 

en
gi

ne
er

 
en

gi
ne

er
 

no
lo

gi
st

 
te

ch
ni

ci
an

 
ma

n 
dr

au
gh

ts
ma

n 
Jo

b 
fu

nc
ti

on
 

N=
82

3 
N=

35
0 

N=
51

 
N=

35
4 

N=
51

 
N=

71
 

N=
10

 
N=

54
 

v 
s
 

x 
s
 

x 
s 

x 
s
 

x 
s
 

x 
s
 

x 
s
 

x 
s 

" 
1 

Pr
el

im
in

ar
y 

in
ve

st
ig

at
io

n 
10

 
15

,8
 

7 
12

,9
 

10
 

14
,8

 
6 

11
 , 7

 
5 

12
, 1

 
2 

8,
0 

8 
19

, 1
 

2 
De

ve
lo

pm
en

t 
of

 d
es

ig
n 

9 
14

, 1
 

11
 

18
,3

 
7 

10
, 7

 
7 

13
,6

 
4 

7,
0 

9 
15

,9
 

12
 

16
,8

 
3 

7,
7 

3 
De

ta
il

 d
es

ig
n 

9 
16

,4
 

14
 

22
,9

 
11

 
17

,2
 

8 
15

,6
 

6 
11

 , 9
 

6 
13

,3
 

2 
4,

8 
4 

De
ta

il
 d

oc
um

en
ta

ti
on

 
6 

13
,5

 
9 

17
,2

 
11

 
18

,6
 

16
 

27
,3

 
27

 
35

,2
 

67
 

36
,3

 
32

 
36

,4
 

9 
24

,3
 

5 
Te

ch
ni

ca
l 

wr
it

in
g 

11
 

15
,4

 
9 

16
, 1

 
7 

9,
2 

6 
13

,3
 

3 
6,

0 
2 

7,
0 

4 
9,

8 
7 

15
, 1

 
6
 

Me
as

ur
em

en
t,

 e
tc

. 
9 

12
,6

 
13

 
18

,6
 

12
 

18
,4

 
14

 
19

,8
 

22
 

25
,6

 
5 

6,
0 

9 
9,

0 
23

 
26

,9
 

7 
Pr

oj
ec

t 
ma

na
ge

me
nt

 
17

 
22

,4
 

18
 

24
,4

 
13

 
18

,4
 

11
 

21
 ,3

 
1 

3,
4 

<1
 

6,
0 

1 
3,

2 
15

 
23

,5
 

8 
In

ve
st

ig
at

io
n 

an
d 

te
st

in
g 

1 
4,

4 
2 

6,
7 

6 
14

,3
 

5 
14

,8
 

5 
16

,0
 

3 
10

,7
 

9
 

Su
rv

ey
in

g 
1 

3,
6 

4 
10

,8
 

8 
15

,3
 

12
 

22
,0

 
9 

19
,5

 
<1

 
3,

7 
2 

4,
2 

7 
16

,5
 

10
 

Co
nt

ro
l 

of
 c

om
pa

ny
 a

s 
a 

cl
ie

nt
 

2 
7,

8 
1 

5,
6 

2 
3,

9 
<1

 
3,

3 
<1

 
2,

6 
11

 
Ma

na
ge

ri
al

 a
nd

 a
dm

in
is

tr
at

iv
e 

16
 

20
,2

 
8 

15
,0

 
10

 
13

,3
 

10
 

16
,4

 
3 

8,
 1 

6 
15

,5
 

13
 

20
,0

 
12

 
Tr

av
el

 
5 

7,
0 

5 
7,

 1 
5 

5,
4 

5 
8,

4 
4 

9,
7 

<1
 

2,
8 

<1
 

1 ,
6 

6 
7,

7 
13

 
Ed

uc
at

io
n 

an
d 

tr
ai

ni
ng

 
( a

) 
Gi

vi
ng

 
1 

3,
 1 

<1
 

1 ,
6 

2 
7,

3 
2 

5,
 1 

<1
 

1 ,
2 

3 
6,

9 
2 

6,
8 

( b
) 

Re
ce

iv
in

g 
1 

7,
 1 

<1
 

3,
4 

<1
 

3,
 1 

<1
 

5,
2 

13
 

27
,6

 
<1

 
4,

9 
<1

 
2,

5 
3 

7,
7 

( C
) 

Re
se

ar
ch

 
<1

 
3,

 1 
<1

 
1 ,

4 
<1

 
1 ,

4 
<1

 
1 ,

5 
<1

 
2,

0 
<1

 
0,

9 
2 

7,
8 

14
 

Ot
he

r 
2 

8,
7 

1 
8,

2 
<1

 
2,

8 
2 

8,
9 

3 
14

, 7
 

<1
 

4,
0 

5 
8,

3 
5 

13
,7

 

I I 
I I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 



TA
BL

E 
2.

2 
AV

ER
AG

E 
PE

RC
EN

TA
GE

 O
F 

WO
RK

IN
G 

TI
ME

 S
PE

NT
 O

N 
EA

CH
 J

OB
 

F U
NC

TI
ON

 B
Y 

TO
TA

L 
SU

RV
EY

 
GR

OU
P 

Pr
of

es
si

on
al

 
Gr

ad
ua

te
d 

Te
ch

no
lo

-
Te

ch
ni

ci
an

 
Le

ar
ne

r 
Dr

au
gh

ts
-

L e
ar

ne
r 

Ot
h e

r 
en

gi
ne

er
 

en
gi

ne
er

 
gi

st
 

te
ch

ni
ci

an
 

ma
n 

dr
au

gh
ts

ma
n 

Jo
b 

fu
nc

ti
on

 
N=

82
3 

N=
35

0 
N=

51
 

N=
35

4 
N=

51
 

N
=7

1 
N=

10
 

N=
54

 

x 
s 

x 
s 

x 
s 

x 
s 

x 
s 

x 
s 

x 
s 

x 
s 

1 
Pr

el
im

in
ar

y 
in

ve
st

ig
at

io
n 

11
 

10
,8

 
8 

10
,8

 
8 

11
 ,2

 
6 

10
,2

 
5 

12
,6

 
3 

7,
0 

1 
3,

2 
8 

16
,0

 
2 

D e
ve

lo
pm

en
t 

of
 d

es
ig

n 
10

 
9,

9 
10

 
12

,3
 

9 
9,

7 
8 

10
,7

 
7 

10
,0

 
8 

9,
8 

9 
12

,2
 

3 
6,

3 
3 

De
ta

il
 d

es
ig

n 
10

 
12

 ,9
 

16
 

19
, 7

 
12

 
16

,8
 

9
 

12
,3

 
6
 

8,
2 

7 
14

,2
 

4 
9,

8 
2 

5,
 1 

4 
De

ta
il

 d
oc

um
en

ta
ti

on
 

6 
9,

2 
9 

13
,8

 
10

 
12

,0
 

16
 

24
,4

 
24

 
31

 , 1
 

66
 

31
 , 1

 
38

 
34

,4
 

12
 

26
,8

 
5
 

T e
ch

ni
ca

l 
wr

it
in

g 
11

 
11

 , 7
 

8 
10

,2
 

9 
9,

2 
6 

10
,0

 
4 

5,
8 

<1
 

2,
6 

2 
4,

2 
6 

10
,7

 
6 

M e
as

ur
em

en
t,

 e
tc

. 
6 

7,
 1 

9 
12

,4
 

9 
16

,3
 

9
 

13
,8

 
9 

17
,9

 
2 

4,
4 

3 
6,

7 
13

 
22

, 1
 

7 
Pr

oj
ec

t 
m

an
ag

em
en

t 
16

 
20

,5
 

19
 

24
,7

 
10

 
11

 , 7
 

11
 

18
,6

 
< 

1 
2,

2 
<:1

 
5,

0 
< 

1 
0,

3 
17

 
23

,4
 

·N
 

8 
In

ve
st

ig
at

io
n 

an
d 

te
st

in
g 

2 
4,

2 
2 

4,
5 

6 
12

,7
 

5 
13

,3
 

7 
18

 ,2
 

<
1 

0,
6 

5 
12

,7
 

9 
Su

rv
ey

in
g 

1 
3,

 1 
4 

8,
0 

8 
13

,8
 

11
 

19
,5

 
9 

18
,9

 
<

 1 
1 ,

8 
1 

3,
 1 

8 
16

,7
 

10
 

Co
nt

ro
l 

of
 c

om
pa

ny
 a

s 
cl

ie
nt

 
2 

7,
6 

1 
5,

2 
2 

3,
5 

1 
3,

8 
< 

1 
2,

7 
11

 
Ma

na
ge

ri
al

 a
nd

 a
dm

in
is

tr
at

iv
e 

16
 

18
,5

 
8 

13
,7

 
19

 
10

,5
 

10
 

16
, 1

 
2 

6 ,
5 

6 
15

 , 1
 

11
 

16
,5

 
12

 
Tr

av
el

 
5 

4,
9 

3 
4,

7 
4 

4,
8 

5 
6,

3 
3 

5,
6 

<1
 

2,
0 

1 
3,

2 
5 

6,
 1 

13
 

Ed
uc

at
io

n 
an

d 
tr

ai
ni

ng
 

(a
) 

Gi
vi

ng
 

1 
3,

0 
<1

 
1 ,

 2 
3 

6,
5 

2 
4,

7 
<1

 
1 ,

 0 
2 

5,
2 

2 
5,

7 
2 

8,
2 

(b
) 

Re
ce

iv
in

g 
<1

 
2,

2 
1 

3,
4 

<
1 

1 ,
 1 

<1
 

4,
8 

18
 

24
,0

 
2 

6,
7 

14
 

22
,6

 
2 

9,
2 

(c
) 

Re
se

ar
ch

 
<1

 
2,

8 
<1

 
1 ,

2 
<

1 
1 ,

8 
< 

1 
1 ,

 9 
<

1 
2,

2 
<

1 
1 ,

2 
<1

 
1 ,

3 
2 

9,
2 

14
 

Ot
he

r 
2 

6,
7 

1 
6,

7 
<1

 
1 ,

6 
1 

6,
9 

1 
7,

2 
1 

2,
5 

3 
9,

4 
4 

8,
5 

I 

I 



I 

w
 

I 

TA
BL

E 
2.

3 
PE

RC
EN

TA
GE

 O
F 

WO
RK

IN
G 

TI
ME

 S
PE

NT
 O

N 
A 

FU
NC

TI
ON

 
TH

AT
 C

OU
LD

 B
E 

PE
RF

OR
ME

D 
BY

 
A 

PE
RS

ON
 W

IT
H 

OT
HE

R 
QU

AL
IF

IC
AT

IO
NS

 
Pr

of
es

si
on

al
 

Gr
ad

ua
te

d 
Te

ch
-

T e
ch

ni
c i

an
 

Le
ar

ne
r 

Dr
au

gh
ts

-
Le

ar
ne

r 
Ot

he
r 

en
gi

ne
er

 
en

gi
ne

er
 

no
lo

gi
st

 
te

ch
ni

ci
an

 
ma

n 
dr

au
gh

ts
ma

n 
Jo

b 
fu

nc
ti

on
 

N=
82

3 
N=

35
0 

N=
51

 
N=

35
4 

N=
51

 
N=

71
 

N=
10

 
N=

54
 

x 
s 

x 
s 

x 
s 

x 
s
 

x 
s 

x 
s 

x 
s 

x 
s 

1 
Pr

el
im

in
ar

y 
in

ve
st

ig
at

io
n 

12
 

24
,0

 
12

 
26

,8
 

16
 

31
 , 7

 
9 

24
,5

 
3 

11
 , 9

 
4 

18
,2

 
14

 
28

,8
 

2 
De

ve
lo

pm
en

t 
of

 d
es

ig
n 

14
 

26
,4

 
13

 
26

,8
 

12
 

28
,8

 
11

 
27

,0
 

7 
19

, 1
 

5 
13

,0
 

7 
11

, 9
 

11
 

28
, 1

 
3 

De
ta

il
 d

es
ig

n 
17

 
30

,6
 

17
 

31
 , 0

 
12

 
26

, 1
 

9 
24

,4
 

4 
13

,5
 

3 
10

 ,4
 

4 
16

, 1
 

4 
De

ta
il

 
do

cu
ne

nt
at

io
n 

15
 

31
 , 1

 
19

 
34

,7
 

23
 

36
,0

 
17

 
31

 ,6
 

15
 

27
,7

 
29

 
36

,4
 

5 
11

 , 1
 

4 
17

,3
 

5 
Te

ch
ni

ca
l 

wr
it

in
g 

13
 

24
,5

 
16

 
29

,8
 

16
 

28
 ,7

 
11

 
26

,0
 

3 
12

,2
 

3 
17

,0
 

4 
9,

8 
6 

19
,9

 
6 

Me
as

ur
em

en
t,

 e
tc

. 
21

 
34

,3
 

25
 

37
,2

 
14

 
29

,5
 

15
 

30
,5

 
7 

18
 ,5

 
6 

23
,2

 
3 

6,
2 

20
 

36
,7

 
7 

Pr
oj

ec
t 

ma
na

ge
me

nt
 

17
 

28
,8

 
17

 
29

,7
 

14
 

30
,4

 
11

 
27

, 1
 

4 
17

,7
 

< 
1 

3,
0 

11
 

24
 ,4

 
8

 
In

ve
st

ig
at

io
n 

an
d 

te
st

in
g 

5 
18

,9
 

9 
25

,2
 

10
 

26
,2

 
6 

21
,4

 
5 

18
,5

 
5 

19
,2

 
9 

Su
rv

ey
in

g 
6 

21
 ,8

 
18

 
35

,5
 

8
 

19
,7

 
14

 
30

,6
 

11
 

28
,7

 
1 

11
 , 9

 
1 

3,
2 

10
 

27
,6

 
10

 
Co

nt
ro

l 
of

 c
om

pa
ny

 a
s 

cl
ie

nt
 

3 
12

,3
 

3 
15

, 1
 

3 
14

, 1
 

2 
13

,0
 

1 
5,

4 

11
 

Ma
na

ge
ri

al
 a

nd
 a

dm
in

is
tr

at
iv

e 
18

 
28

,8
 

19
 

33
, 1

 
17

 
32

, 1
 

14
 

29
,6

 
5 

19
,3

 
5 

15
,6

 
22

 
35

 ,5
 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 



2.3 LENGTH OF WORKING WEEK AND NUMBER OF WEEKS WORKED PER ANNUM 

Other infonnation that is needed for the interpretation of the time 
spent on job functions is the actual time devoted to these functions and 
therefore questions were asked on the number of weeks worked per annum and 
the number of hours worked per week. The product of these two quantities 
yields the number of man hours worked per year. 

Table 2.4 indicates the average length of the working year and the 
number of hours worked per week. 

Most of the respondents work about 48 weeks per annum. The number 
of hours worked differs more than the number of weeks worked. The length 
of the average working week in construction finns is appreciably longer than 
in the other two employer groups. 

2.4 WORKING TIME DEVOTED BY ENGINEERS TO FUNCTIONS THAT PERSONS W ITH 
LOWER QUALIF ICATIONS COULD DO 

The occupational structure of a firm is a function of a number of 
factors. Examples would be the availability of support personnel, the use 
that is made of services available outside the firm, the size of the firm, 
the specific abilities of the available personnel, the history of the de­
velopment of the finn and managerial efficiency. The interaction between 
these factors ultimately determines the occupational structure of the finn 
and therefore the ratio between engineers and technicians. 

The factors mentioned above are all very nearly impossible to 
quantify. This study is aimed at determining the 11 ideal 11 ratio between 
engineers and technicians by concentrating on how working time is used. The 
respondents were requested to indicate, without giving any attention to the 
practical situation in their working environment, what percentage of their 
work could be performed just as efficiently by persons with other qualifica­
tions (Appendix A, Question 10, Column C ) .  If a part of the work could be 
done by persons with lower qualifications it would mean that the personnel 
was "underutilized". The respondents were also asked to indicate the educa-
tional level of the hypothetical person. 
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The time devoted to work which could be done by persons with lower 
qualifications is presented in number of man years and is calculated as 

follows: 

If a= number of weeks worked p. a. , 
b = number of hours worked per week, 

then a x  b = number of man hours worked p. a. 
If Xi 
Yi 

=% time devoted to a specific function i, 
=% time of a function that a person (A) with lower qualifications 

could do of function i. 

X i y. 
Then (a x b) x TOU x ,do= number of man hours A could do in function i. 

Say this quantity= mh 
As each respondent indicating time, i.e. mh, also classified mh according to 
qualificational level, the total number of man hours (1 mh) could be classi­
fied by educational level. 

To find the number of man years 1
1saved 11

, the total number of man 
hours (2 mh) was divided by the average number of man hours p. a. devoted to 
working time. 

Thus�= man years where N = number of persons in an occupational category. axu -N-

A man year can also be equated to one personnel unit. 

Table 2. 5 indicates the results of this method for engineers (profes­
sional and graduated) . To facilitatt discussion, the amount of work, whether 
in man hours or man years, that could be done by persons with lower qualifica­
tions is referred to as "time saved". 

In all, 1 161 engineers supplied information from which the results 
were calculated. Saving 308 man years means that hypothetically 26,5 % of 
the work now being done by the engineers could have been done by persons 
with lower qualifications. Looking at the qualification distribution the 
engineers were mainly (35 %) thinking about technicians with a National Diplo­
ma for Technicians (qualification Group 4) and technicians with the older 
National Technical Diploma (qualification Group 3). Even lower qualification 
levels were mentioned and 37 man years can be saved by the employment of 
persons at NTC III  or NTC IV and V levels. 
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TABLE 2.5 

ENGINEER MAN YEARS SAVED BY QUALIFICATION AND EMPLOYMENT GROUP 

Employer group Qualification group 

1 2 3 4 5 
Consulting firm 
Sma 11 f1 rm 
( 10 or fewer engineers) (N= 140) 0,65 4, 13 10,5 1 15,66 2,88 
Medium firm 

12,5 1 6, 7 1  ( 1 1-29 engineer�) (N= 146) 0,78 4,29 5,74 

Unspe- Total cjfied 

4,06 37,89 

3, 18 33,2 1 
Large firm 
(30 > engineers) (N=407) 1 ,89 10,47 26,73 34,76 16,23 1 1  ,09 10 1, 17 

Construction firm (N= 182) 2,69 8, 13 14,7 1 21,99 10 ,53 7,03 65,08 

Government sector (N=286) 4 ,96 9,08 2 1  , 1 1  23,50 5,32 7,41 7 1 ,38 

TOTAL (N= 1 16 1) Years 10,97 36, 1 78,8 108,42 4 1  ,67 32 ,77 308,73 
% 3,6 1 1  , 7 25,5 35, 1 13, 5 10,6 

One can expect the size of the firm and the kind of work being 
done by the finn to have an influence on the number of support personnel 
available and on the way in which support personnel is utilized. The con­
sulting firms were divided into three groups, i.e. small firms employing 

100 

ten or fewer engineers, medium firms employing between 1 1  and 29 engineers 
and large finns employing more than 30 engineers. No division was made for 
the consulting groups because only the larger firms were initially contacted. 

To make the information in Table 2.6 more comparable, the man years 
have been divided by the number of engineers in the group. The results give 
an index which can be called the underutilization index because it gives the 
fraction of man years per engineer that can be saved. The decimal points 
have been left out and the index worked to two digits. 

Emp 1 oyer groups 

Consulting firm 
Small 
Medium 
Large 

Construction firm 
Government sector 

TABLE 2.6 
UNDERUTILIZATION INDEX FOR ENGINEERS 

Qualification 

1 2 3 4 5 

- 3 8 1 1  2 
1 3 4 9 5 
- 3 7 9 4 
1 4 8 12 6 
2 3 7 8 2 

- 17-

group 
Unspe- Total cified 

3 27 
2 23 
3 25 
4 35 
3 25 --- - ________________ ..__ ________________________ _. ...... ____ _. 



The higher the index the more work that can be done by persons with 
lower qualifications. Table 2.6 shows that the engineers in the construction 
firms are spending relatively more of their time on functions they feel could 
be performed by technicians. 

One would have expected that in the case of consulting firms there 
would have been a clear trend towards better utilization as the firm grows 
bigger. This is apparently not the case. Separate underutilization indices 
have also been worked out for the professional and graduated engineers. 

TABLE 2.7 
UNDERUTILIZATION INDEX FOR PROFESSIONAL AND GRADUATED ENGINEERS 

Qualification group 
Employer group 1 2 3 4 5 

Unspe-
cified 

p G p G p G p G p G p G 

Cons ult i ng firm 
Sma 11 1 2 3 7 8 1 1  12 3 3 2 

Medium 2 2 5 2 9 9 6 5 4 2 1 
Large 1 2 3 5 10 8 1 1  4 4 3 2 
Construction firm 3 3 6 5 12 10 15 5 6 5 3 

Government sector 2 1 3 3 4 14 7 10 2 1 2 4 

According to Table 2.7 there tends to be a difference in the 
utilization of professional and graduated engineers; with the graduated 
engineers indicating a larger percentage of their time spent on functions 
that persons with lower qualifications could do. This is especially true 
for construction firms and the government sector. In Chapter 1 it was 
shown that, based on the age structure of the graduated engineers, a 
large percentage of them should be regarded as engineers in training. The 
difference between the professional and the graduated engineers can be 
expected. 

2.5 WORKING TIME DEVOTED BY TECHNICIANS TO FUNCTIONS WHICH PERSONS WIT H 
LOWER QUALIFICATIONS COULD DO 

The exercise that was done for engineers (see Table 2.5) was re­
peated for the technicians in the survey group, but only for those who were 
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in possession of qualifications in Groups 4 or 5. The number of man years 
saved is indicated in Table 2.8. 

TABLE 2.8 
MAN YEARS THAT COULD BE SAVED FOR TECHNIC IANS W ITH QUALIF ICATIONS 4 OR 5 

Qualification group 
Employer group Total 

1 2 3 

Consulting firm (N=104) 5,54 7, 15 9,93 22,62 
Construction firm (N=77) 2,50 2,00 3,49 7,99 
Government sector (N=68) 2,60 3,84 3,84 10,28 

TOTAL (N=249) Years 10,64 12, 99 17,26 40,89 
26,0 31 ,8 42,2 100,0 

Table 2.8 shows that the technicians felt that they were also doing 
work which could be perfonned by personnel with lower qualifications, i.e. 
qualification groups 1 to 3. In the case of consulting firms the techni­
cians estimated that 21,8 t of their working time was devoted to such 
functions. In the case of construction firms and the government sector 
these percentages were 10,4 and 15,1. Two conclusions can possibly be 
drawn: it seems as though qualified technicians can be more gainfully 
employed and that the consulting firms form the group which should have 
a close look at the utilization of their highly qualified technicians. 

-19-
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CHA PTER 3 
THE PRESENT II IDEAL" RATIO BETWEEN ENG INEERS AND TECHNICIANS 

3. 1 INTRODUCTION 

In the prev i ous chapter it was shown that eng i neers and techn i c i ans 
felt that a certa i n  portion of their work could be perfonned just as effi­
c iently by persons w ith lower qualif icati ons. 

A short questi onna ire (see Append i x  B) was posted to the 103 private 
f inns that were w i ll i ng to participate in the research ask i ng them to i nd i ­
cate the i r  present techni cal manpower structure. Of the 103 f inns 65 re­
turned completed questi onnaires. Comparable i nformation was also rece ived 
form seven publi c  sector i nstitut ions, i .e. government departments, provin­
c ial adm i n i strat ions and local author it ies. Using th i s  i nfonnat ion as well 
as the data from Chapter 2 the present " ideal" ratio between eng i neers and 
technic ians was calculated. Th is  rat io  i s  purely hypothetical because the 
pract ical s ituat ion i n  the organizations cannot be taken into account. 

3.2 THE PRESENT OCCUPATIONAL STRUCTURE 

The response obta ined from the 65 f irms and seven publi c  sector 
institutions is shown i n  Table 3. 1. 

Table 3. 1 indicates that the occupational structures vary from group 
to group. 

The consulting finns empl oyed relat ive ly  more eng i neers (40 % of 
thei r  labour force) than the construction f inns. Th i s  difference was due 
to the difference in the main functions of the two groups. In Table 3.2, 
Table 3. 1 is reduced to the number ·of eng i neers and qual i fied techn i cians 
employed. Certi f i cated eng ineers were regarded as technicians as were 
draughtsmen. 

Both Tables 3. 1 and 3.2 show that the number of techn i c i ans w i th 
qualif icat i ons lower than NOT employed in  consult i ng f inns or the publ ic  
sector was about as large as the number employed who had a qual ification at 
NOT level or above. The construct i on f inns employed rel at ivel y more techni­
c ians in qual i f i cation G roups 4 and 5. 
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The number of II Other 1 1  pupil technicians (Tab 1 e 3. 1 ) in construction 
finns was high when compared to the other employer groups and was an indica­
tion of the future use construction finns will have to make of technicians. 
It is also an indication of the effect that the specific task of an organi­
zation has on its employment structure. 

3 .  3 THE II IDEAL 1 1  RATIO 

The ideal ratio was then calculated by using the data in Table 2.5. 
Table 2.5 shows for example that finns employing less than ten engineers 
( 1 40 engineers in total) could save 37,89 man years of the available 1 40, 
which gives L7, 1 %. Applying this percentage to the 1 65 engineers shown in 
Table 3.2 gives an answer of 45 engineers. Table 2.5 also gives the qualifi­
cation structure. Of the 37,89 man years 40 % could be saved by having per­
sons with qualifications below NOT doing the work. The 4,06 man years which 
have not been specified were divided pro rata between the 1

1 below NDT 1 1  and 
1
1NDT or higher 1 1  groups. The 45 persons were then classified according to 
qualification groups. The ratio for such firms thus became 1 20 : 1 24 : 1 1 2 
(1 : 1 : 0 9 )  instead of the 1 65 : 99 : 92 ( 1  : 06 : 05) shown in Table 3.2. 
This exercise was then repeated for the other employer groups. 

The results appear in Table 3.3. 

TABLE 3 . 3  

PRESENT AND IDEAL RATIO BETWEEN ENGINEERS AND QUALIF IED TECHNIC IANS 

Consulting firms 

Sma 1 1  firms 

Medium firms 

Large firms 

Total consulting 

Construction firms 

Present ratio 
Ideal ratio 
Present ratio 
Ideal ratio 
Present ratio 
Ideal ratio 
Present 
Ideal 
Present ratio 
Ideal ratio 
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Tee nicians Engineers NOT and + NOT-
1 65 ( 1 )  
1 20 ( 1 )  

239 ( 1 )  
1 84 ( 1 )  

783 ( 1 )  
588 ( 1 )  

1 1 87 ( 1 )  
892 ( 1 )  

409 ( 1 )  
263 ( 1 ) 

99 (0,6) 
1 24 ( 1 ,0) 
97 (0,4 ) 

1 32 ( 0, 7 )  

370 (0,5) 
474 (0,8) 
566 (0,5) 
730 (0,8) 
399 ( 1 )  
480 ( 1 ,8) 

92 (0,5) 
1 1 2 (0,9) 
1 23 (0,5) 
1 43 (0,9) 
363 (0,5) 
455 (0,8) 
578 (0,5) 
7 1 0  (0,8) 
90 (0,2) 

1 55 (0,6) 
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It will be noticed that no ratio was calculated for the public 
sector. The personnel in the public sector are part of a larger force which, 
in many cases, supply supporting services to those sections which deal more 
specifically with civil engineering tasks. 

No single ratio was calculated for construction and consulting firms. 
Because of the difference in work content, the ratios for the two groups were 
clearly different. Although it could be expected that the survey groups 
from the consulting and construction sides would each reflect the situation 
in their own group, it could not be said that the survey group as a whole 
was representative of the civil engineering industry, as has already been 
explained. 

Theoretically speaking, Table 3.3 indicates that much better use can 
be made of the available engineers by making use of technicians. 

In the consulting groups half of these technicians (which included 
draughtsmen) need not have had a NOT. According to Table 3. 3 the present 
ratio of 1 engineer to 1 techncian could be increased to 1 : 1 ,6. On the 
construction side the present ratio of 1 : 1 ,2 could theoretically be raised 
to 1 : 2,4. Most of these technicians, however, should be trained up to NOT 
level. 

3. 4 FA CTORS INFLUENCING THE RATIO 

3. 4. 1 The avai labi lity of personne l 

The problem is whether something can be done about the situation. 
Res pondents were asked to indicate the role played by five factors (Appendix 
A, Question 1 1) on a five point scale, for each j ob function where they 
indicated that time could be saved. These factors were : 

(a) No suitable personnel available in the organization. 
(b) Not enough suitable personnel available. 
(c) Unpractical for another person to do part of the job. 
(d) Person who could do the j ob cannot be kept fully occupied. 
(e) Bad management. 
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I f  factors (c) and (d) play a very important causal role in deter­
mining the situation, very little can be done about it . One can hardly 
expect a firm to employ a person who cannot be kept fully occupied and it 
would also be unpractical for, say, two separate firms to share employees .  
According to Table 3 . 4  this is not a very important contributing factor . 
The averages given in Table 3 . 4  tend to be higher for the small firms, i . e .  
this factor (a) plays a sli ghtly more important role in the small than in 
the large firm. 

The fact that it is unpractical for another person to do the job 
plays a more important role, in many cases reachi ng 3 although it varies 
from job function to job function .  

Table 3 . 4 clearly indicates that the respondents felt that 

management played only a very minor contributory role . factors (a) and (b) 
point towards a lack on the supply side . Factor (b) "not enough suitable 
personnel available in the organization" was generally given as the most 
important reason contributing towards the present situation . This applied 
to nearly all the job functions except managerial and administrative where 
"unpractical for other person to do the job" generally headed the list . 

Employers were asked to indicate on a five point scale (1 = no 
problem to S = with great difficulty) the ease with which they could obtain 
the required personnel . Table 3 . 5  gives the analyses of the responses . 

1 ab1 e 3 . 5  ref1 ects a very ti ght personne1 s i tuati on as the bu1 k 
of the averages approaches 4, which means that the firms could only ob­
tain personnel with difficulty . This applies to most of the already qua­
l ifi ed categori es :  the firms felt that i t  was more difficult to obtain 
the technician at NOT level than at lower levels, and there was even a 
slight indication that it was more difficult to obtain NOT technicians than 
graduated engineers . 

I t  is interesting to note that the firms felt that it was relative­
ly easy to obtain pupil technicians (averages usually <3) which means 
that the training effort could be stepped up . 
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TABL E  3 . 4  
RAT ING  O F  THE CONTR I BUTI ON O F  CERTA I N  F.L\CTORS TOWARDS THE T I 1 1E DEVOTED TO 

TAS KS WH I CH OTHER  PERSONS COULD PERFORM 
( a )  Cons u l t i ng fi rms 

Sma 1 1  f i rms 
ng 1 neers p ro- Tec hn i c i a ns techno-

Job funct i on fes s i ona l
)
and l oq i sts , tec hn i � i ans  

qradua ted a_11a d_ra ug_htsmen L 
N X I N X 

1 Pre l i mi nary i nvest i gat i on , ( a ) *  2 7  2 , 5 
e . g .  p l ann i n g  and feas i b i - ( b )  24 2 , 8 
l i ty ( c )  2 9  3 , 2 

( d )  2 3  1 , 8 
_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ ___ _ _ _ _ _ _ _ _ _ _  iel _ _ _ _  23  _ ___  1 i3 _ _ _ _  - -------------------
2 Devel opment of des i gn e . g . ( a )  40 2 , 6 1 1  1 , 4 

ca l cu l at i o ns a nd creat i on  ( b )  45 3 , 0  1 2  1 , 9 
of ro ugh o r  s ketch d rawi ngs ( c )  35 2 , 5 1 1  3 , 4  

( d )  36 2 , 1 1 0  1 , 5 
_ _ _____________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ {e )  _ _ _ _  34 _ __ _  1 i3 _ _ __ _____  1 0  _ _ __ 1 , a  _ _ _ _ _  _ 
3 Detai l des i gn , e . g .  ( a )  49 2 , 5 ) 2  2 , 3  

ca l c u l at i on  o f  components ( b )  60 3 , 6 1 2  2 , 0 
( c )  49 2 , 3 \ \  2 ,8 
( d )  43  1 , 6 1 0  1 , 0 

_ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ ____ _ _ _ _  ( e )  _ __ _  43 _ _ _ _  1 , 3 ____ _ _ _ _ _  1 0  _ _ _ _  1 l o  _____  _ 
4 Deta i l documentat i o n , e . g .  ( a )  5 0  2 , 1 1 8  2 , 0 

prepa rat i o n of  f i na l ( b )  5 9  3 , 6 2 4  2 , 3 
drawi ngs , deta i l i ng etc . ( c )  48 2 , 2 1 8  2 , 5 

( d )  4 6  1 , 6 1 6  1 , 3 
_ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ ______  ( e )  _ _ __ 43 _ ___  1 i3 ___ _ _ _ _ _ _  1 7  _ _ _ _  1 l 3 _ __ _ _  _ 
5 Techn i ca l  wri t i ng , e . g .  ( a )  2 6  2 , 4 

s pec i f i cat i o n  and report ( b )  2 9  3 , 1 
wri t i n g ,  deve l op i ng ( c )  24 2 , 9  
s c hed u l es of  q uant i t i es ( d )  2 7  1 , 9  

( e )  23  1 2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -- - - l - - - - - � - - - - - - - - - - -- - - - - - - - -

6 Meas urement , es t i mat i ng , ( a )  43 1 , 9 
budgets , e . g .  mea s ur i n g  ( b )  46 3 , 0 
q ua nt i t i es , est imat i ng , ( c )  43 2 ,6 
tender preparat i on ( d )  44 2 , 0 

( e )  42 1 4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - l - - - - - 1 - - -- - -- - - - - - - - - - - - - -

7 Project mana gement , e . g .  ( a )  48 2 , 4 
cons t ruct i on management , ( b )  5 2  2 , 9 
contract s uperv i s i on a nd ( c )  5 1  3 , 1  
procurement ( d )  46 1 , 7 

( e ) 44 1 4 - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - l - - - - - � - - - - - - - - - - - - - - - - - - - -

8 I nves t i gat i on  a nd tes t i ng , ( a )  1 3  2 , 5 
e . g .  materi a l s and s o i l s  ( b )  1 5  2 , 7 
i nves t i ga t i o n  a nd tes t i ng ( c )  1 3  2 , 5 

( d )  1 4  2 , 1  
__ ______ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  {e )  _ _ _ 1 2  ____  1 i 1 ____  � ----- - - - - -- -- - - -----

9 S urvey i ng , ( a ) 1 2  2 , 0  
e . g .  l and and eng i neer i ng  ( b )  1 2  2 , 7 
s urveys , traffi c counts , ( c )  1 1  2 , 4 
genera l i ns pect i o n  ( d )  1 2  2 , 3 

( e )  1 0  1 3 - - - -- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - -- - - - - - - - - - - - l - - - - - � - - - - - - - - - -- - -- - - - - - -

1 0  Contro l  of compa n i es as a ( a )  
c l i ent , e . g .  o f  cons u l ta nts ( b )  

( c )  
( d )  

11
--

Ma na geri a l 

-
a nd

-
adm i n i s tra-

- --
f: (

-

i

- -
40

----
2 , 8

---- �--- -- --- - - - -- --- --- -

t i ve , e . g .  s uperv i s i on o f  ( b )  39 2 , 2 
pers onne l , comp l et i on of ( c )  43 , 2 , 7 
ret urns ( d )  41  2 , 1 

( e )  I 38 1 , 4  

* ( a ) N o  s ui tab l e pe rsonne l  ava i l ab l e  i n  organ i zat i on ( cont i nued ) 
( b )  Not enough  s u i tabl e pe rsonnel  ava i l ab l e  i n  organ i za t i o n  
( c )  Unpract i ca l fo r another person  t o  d o  pa rt of j o b  
( d )  Pers on who cou l d d o  the j ob cannot b e  ke pt fu l l y  occ up i ed i n  t he organ i za t i on 
( e )  Bad mana gement 
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( a )  Cons u l t i ng fi rms ( cont i nued ) 

Med i  um f i rms 
En g i neers ( pro- Techn i c i a ns ( tech no­
fes s i ona l  and l og i s ts , techn i c i ans 

Job funct i on graduated ) and dra ught smen ) 
N X N X 

1 P re l im i na ry i nves t i gat i on , ( a )  34  2 , 3 
e . g .  p l ann i ng  and  feas i b i - ( b )  34 3 , 3 
1 i ty ( C )  34  2 ,  4 

( d )  34 1 , 8 
_ _ _ _ _ _ _ _ _ ___ _ __ _ __ __ _ __ __ __ __ _ _ __ ( e l _ _ _ _ _  34 _ _ __ 1 l4 _ _ _  _ 
2 Devel opment of des i gn ,  ( a )  46  1 , 9  

e . g .  ca l c u l at i ons  and c rea- ( b )  4 6  1 , 9 
t i on of ro ugh or  s ketc h ( c )  46  2 , 2 
draw i n gs ( d )  47 1 , 7 

_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ( e )  _ _ _ _  46 _ __ _  1 l2 ___  _ 
3 Deta i l des i gn , ( a )  6 0  1 , 9 

e . g .  ca l cu l at i o n  of  compo- ( b )  6 3  3 , 0  
nents ( c )  63 2 , 4 

( d) 60 i . 7 
_ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ( e )  _ __ _  6 0  _ _ _ _  1 , �- ---
4 Deta i l doc umentat i on , ( a )  46 1 , 8 

e . g .  preparati on of f i na l ( b )  48 3 , 6  
drawi ngs , detai l i n g etc . ( c )  46 2 , 0 

( d ) 46 1 , 6 
_ _ ___ ____________ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _  {e )  _ __ _ _  46 _ ___  1 i4 _ _ _  _ 
5 Techn i ca l wri t i n g , ( a )  4 1  2 , 2 

e . g .  s peci fi ca t i on  and re- ( b )  4 1  3 , 3 
po rt wri t i ng , deve l op i n g  ( c )  4 1  2 , 6 
s c hedu l es of q uant i t i es ( d )  4 1  1 , 5 

1 1  1 , 3 
1 1  1 , 8 
1 2  2 , 6 
1 1  1 , 5  

_ __ _ _  1 1  _ _ _ _ 1 i3 _ _ _ _ _  _ 
1 7  1 , 5  
1 7  2 , 6 
1 8  2 , 3 
1 7  1 , 4 

_ ____  1 7  _ _ _ _  1 i4 _ _ _ _ _  _ 
1 8  1 , 3  
1 8  2 , 4  
1 8  2 , 5 
1 9  l , S 

_ _ _ _ _  1 8 _ _ _ _  1 , 3 _ _ ___  _ 
1 7  1 , 4  
1 7  2 , 3 
1 8  2 , 7 
1 7  1 , 2  

_ _ _ _ _  1 7  _ _ __ 1 i3 _ _ _ _ _  _ 

---------- ------- -- - - - ------- ----ie )  _ __ _  40 _ _ _ _  1 i3 _ _ _ _  - - ------------------
6 Meas urement , es t i mat i ng ,  ( a ) 57  1 , 8 1 5  2 , 3 

budge ts , e . g .  mea s uri n g  ( b )  5 8  3 , 3 1 5  2 , 3 
q uant i t i es , es t i ma t i ng , ( c )  5 9  2 , 1 1 5  2 , 2 
tender preparat i o n ( d )  5 9  1 , 6 1 5  1 , 3 

_ _ __ _ __ _ _ __ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _  ( e ) _ __ _ _  5 7  _ _ _ _  1 i2 _ _ __ _____  1 5  _ _ _ _  1 i 3 _ __ _ _  _ 
7 Proj ect mana gement , ( a )  4 9  1 , 9 

e . g .  cons truct i on mana gement , ( b )  48 3 , 1  
contract s uperv i s i on and ( c )  4 9  2 , 7 
p rocurement  ( d )  48 1 , 4 

-- --- ------- --------- ------------ie ) __ _ _  48 _ __ _  1 , 2 _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ _______  _ 
8 I nv es t i gat i on and test i n g ,  ( a )  2 1  2 ,6 

e . g . mater1 a\ s  and so1\ s \b) 2\ 2 ,9 
i nv es t i gat i on  and tes t i n g  ( c )  23 2 ,5 

( d )  2 1  2 , 2 
_ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ie )  _ _ _ _ _  2 1  ___ _ 1 l2 _ _ _ _  · - -------------------
9 Surveyi n g , ( a ) 1 7  2 , 1  

e . g .  l a nd and engi neeri n g  ( b )  1 7  2 , 5 
s urveys , tra ff i c counts , ( c )  1 8  2 ,6 
genera l  i ns pec t i o n  ( d )  1 8  2 , 8 

( e )  1 7  1 , 2 - - - - - -- - - -- -- - - --------------------- --- - ---- ---- · - ---- ----------- ----
1 0  Contro l of  compa n i e s  as a ( a )  

c l i ent , e . g .  o f  cons u l tants ( b )  
( c )  
( d )  

-- ------------------------------- ( e l _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ __ _ __ ____  _ 
1 1  Ma nageri a l  and adm i n i s t ra- ( a )  46 2 ,4 1 0  1 , 8 

t i ve , e . g . s uperv i s i on of ( b )  46 2 , 1 1 0  1 , 6 
pers onne l , comp l et i on  of ( c ) 46  3 , 1  1 1  2 , 3 
returns ( d )  46 2 , 8 1 0  1 , 6 

( e )  46  1 , 5 1 0 1 , 1 

(c onti nued ) 
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( a )  Cons u l t i ng fi rms ( cont i n ued ) 

I 
Lar e f i rms 

Eng  r nee rs ( p-r-o--_e_c_h_n _i c-,-a-n-s
-.-

t_e_c�h-no-
Job funct i on f es s i o na l a nd l og i s ts , tech n i c i ans 

graduated ) _ a nd dra ughtsme n )  
N X I N X 

1 Pre l imi na ry i nves t i gat i on , ( a )  1 00 1 ,8 2 0  1 ,6 
e . g .  p l ann i ng  and feas i bi - ( b )  1 00 2 ,8 2 0 2 ,8 
l i ty ( c )  1 00 3,0 2 0  3,3 

(d) 98 1 ,6 2 0  1 , 8 
- - --------- ----- ----------------- (el _ _ ___ 98 ___  1 i3 _ _ __ _ _ _ _ _  2 0  _ _ _ _  1 , 6 _ ____  _ 

2 Deve l opment of des i gn ,  ( a ) 1 4 1  1 , 7  35 1 , 9 
e . g .  ca l cu l ati ons a nd ( b )  1 42 3,1 35 3,1 
creat i on of  ro ugh or s ketch ( c )  1 40 2 ,7 35 2 ,8 
drawi n gs ( d )  1 39 1 ,5 35 1 ,3 

_ _ _________ _ _ ____________________  (e) _ __ 1 38 ___  1 ,3 ____ _____  35 ____  1 J5 _ __ _ _  _ 
3 Deta i l des i gn ,  ( a ) 1 49 1 ,7 34 1 ,7 

e . g .  ca l c u l ati on  of compo- ( b ) 1 5 3 3,2 34 2 ,8 
nents ( c )  1 5 0 2 ,5 35 2 ,4 

(d ) 1 48 1 ,4 34 1 ,2 
_ _ ____ ___________________________ (e) _ __ _  1 48 _ __  1 ,5 __ __ _ _ _ _ _  34 _ __ _  1 J 3 _____  _ 

4 Deta i l documentat i on , ( a )  1 2 0 1 ,5 5 6  1 ,8 
e . g .  prepa rat i on  of fi na l ( b )  1 2 4 3,1 57 3,3 
drawi ngs , detai 1 i ng ,etc . (c )  , 23 2 ,3 59 2 ,5 

(d) , 20 , ,4 54 , ,4 
( e )  1 20 1 5 54 1 3 ------------------------------------- -------- - - l ----- _______ _ _ __ _  J _ __ _ _ _  _ 

5 Tec hn i ca l  wri ti ng , ( a )  1 32 1 ,8 2 4  1 ,8 
e . g .  s pec i f i cat i on a nd ( b )  1 33 2 ,9 2 4  2 ,8 
report wri t i ng , deve l o p i ng ( c )  1 36 2 ,9 2 5  3,1 
s c hedu l es of quant i t i es ( d )  1 32 1 ,6 2 4  1 ,2 

( e) 1 32 1 3 2 4  1 3 -- -------------- --------------------- _________ , _____ ____________ , _ __ ___ _ 
6 Meas urement , est i mat i n g , ( a )  1 38 1 ,7 2 9  1 ,8 

b udgets , e . g .  meas uri ng  ( b )  1 39 3,1 2 9  3,0 
q uant i t i es , es t imat i ng , ( c )  1 42 2 ,3 2 9  2 ,3 
tender prepa rat i on ( d )  1 38 1 ,6 30 1 ,6 

_ _ _______________________________  {e2 _ _ _ 1 38 _ __ 1 J 4 ____ _ ____  2 9  ____  1 J 4 _____  _ 
7 Project ma na gemen t , ( a )  1 2 9 1 ,8 2 6  1 , 6  

e . g .  cons tructi on ma na gement , ( b )  1 2 9  2 ,9 2 6  2 ,4 
contract s uperv i s i on a nd ( c )  1 31 2 ,6 2 6  3,4 
procurement ( d )  1 2 8 1 ,6 2 6  1 ,5 

-- ----------------- --------------ie ) _ __ 1 2 8 ___  1 i4 ____ _____  2 6  _ ___ 1 i 0 _____ _ 
8 I nvest i gat i on  and test i n g , ( a )  31 1 , 5 

e . g .  mater i a l s and so i l s  ( b )  30 2 ,9 
i nvest i gat i on and tes t i ng ( c )  34 2 ,4 

(d ) 31 1 , 8 
-

g

- -

����;{��J�:nd

-
engi neeri ng

--
-
-
i�l

- ---;i---i ;;----i-----
1
: ____ J : : _____ _ 

s u rveys , traffi c counts , ( c )  40 2 ,8 1 8  2 ,2 
genera l  i ns pect i on  ( d )  39 2 ,2 1 8  1 ,9 

�- ---------------- ------ ------ ---ie2 _ _ __ 39  _ __ 1 ,2 ____ _ ____  1 a  ____  1 Jo _ ____  _ 
1 0  Contro l of compa n i e s  as a ( a )  

c l i e nt, e . g .  o f  cons u l tants ( b )  
(c) 
(d ) 

------------- -------- . ___________  {�) -

,

---------------�--------------------
1 1  Manageri a l  a nd adm i n i s t ra - ( a ) 1 2 0 2 ,0 

t i ve, e . g . s uperv i s i on of ( b )  1 1 9  2 ,2 
personne l , comp l et i on of ( c )  1 2 1 2 ,7 
returns ( d )  1 1 9 2 ,1 

(e) 1 1 7  1 ,6 

2 3  1 ,5 
2 3  2 ,7 
2 3 2 ,8 
23 1 ,9 
23 1 , 3  

1 c,jrrt i n ued) 
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( b )  Cons t ruct i on  fi rms 

Con struct i on f i rms 
t ng 1 neers t pro- Tec hn i c i ans  t techno­
fes s i ona l and l og i s ts , techni c i ans 

Job funct i o n  graduated ) and dra ug htsmen ) 
N X N X 

1 Pre l i m i na ry i nves t i gat i on , ( a )  6 2  2 , 2 26 1 , 3 
e . g . p l ann i ng  and feas i b i - ( b )  6 3  2 , 4 26 2 , 5 
l i ty ( c )  62 2 , 5 26 2 , 9 

( d )  62 1 , 8 26 1 , 7 
( e )  6 2  1 , 4 26 1 , 2 - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - - - - - -- - - ---- - --- - - - -- - -- - - - - -- -

2 Deve l o pment of des i gn , ( a )  4 6  1 , 8 1 2  1 , 7 
e . g . ca l c u l a ti ons a nd ( b )  47 2 , 6 1 2  1 , 7 
c reat i on  of roug h  or  s ketc h  ( c )  46 2 , 6 1 2  2 , 1  
draw i ngs ( d )  46 1 , 7 1 2  1 , 6 

_ _ __ _ _ _ _ _ __ _ ___ _ _ _ _ _ _ _ _ _ _ _____ _ _ _  ( e )  _ ____  46 _ _ _ _  1 , 3 ____ _____  1 2 _ _ __  1 , 2 _ __ _ _  _ 
3 De ta i l des i gn , ( a ) 28 1 , 6 

e . g .  ca l cu l at i on  of compo- ( b )  28  2 , 9 
nents ( c )  28  2 , 3  

( d )  28 1 , 6 
_ _ _ _ _ _ _ _ _ _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  (e ) _ _ _ _ _  28 _ _ _ _ 1 2

6 _ _ __ - - - - - -- - - - - - - - - - - - - -
4 Deta i l documentat i on , ( a )  20  2 , 1  1 1  2 , 2 

e . g .  pre para ti on of f i na l ( b )  20  2 , 4 1 1  2 , 2 
draw i ngs , deta i l i ng etc . ( c )  2 0  1 , 7 1 1  2 , 6  

( d )  2 0  2 , 1 1 1  1 , 7 
_ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _  ( e )  _ ___ _  2 0  _ _ _ _  1 , 6 _ __ _ _ _ _ _ _  1 1  _ _ _ _  1 , 8 _ _ ___  _ 
5 Techn i ca l  wr i t i ng , ( a )  45  1 , 7 23  1 , 9 

e . g .  s pec i f i cat i on and ( b )  45 2 , 5 23 2 , 6 
report wr i t i ng ,  deve l op i n g  ( c )  45 2 , 7 23 2 , 5  
s c hed ul es of quant i t i es ( d )  45 2 , 0 23  1 , 9  

_ _ _ _ __ _ _ _ ____ ____ _ _ __ _ _ __ _ _ _ _ _ _ __ ( e )  _ _ _ __  45 _ _ _ _  1 1 1 _ _ __ _ _ _ _ _  23 _ ___  1 , 3 _ __ _ _  _ 
6 Mea s urement , es t i mat i n g ,  ( a )  85 1 , 8 38 1 , 7 

budgets, e . g . mea s ur i n g  ( b )  86 2 , 5 38 1 , 7  
quanti t i es , e s t i mat i ng , ( c )  8 5  2 , 6 38 2 , 7 
tender preparat i o n  ( d )  8 5  1 , 8 38 2 , 7  

_ _ _ _ _ _ _ _ _ __ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ( e 2 ___ _ _  85 _ _ _ _  1 1
3 _ _ _ _  , _ _ _ __ 38 _ _ _ _  1 1

3 _ ____  _ 
7 Proj ect management .  ( a )  90 2 , 0  25 1 , 8 

e . g .  const ruct i on management , ( b )  9 1  2 ,8 2 5  2 , 9  
contract s uperv i s i on and ( c )  90 2 , 4 2 5  2 , 5 
proc urement ( d )  90 1 , 6 25 1 , 4  

_ _ __ __ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _  ( e2 _ _  � _ _  9 0  _ _ __  1 , 4  _ __ _ _ _ _ _ _ _  2 5  _ _ _ _  1 , 4  _ _ ___  _ 
S l n\Jesti gati on and tes�i ng , ( a )  ' 7  2 ,2 1 6  1 , 7 

e . g .  materi a l s and so i l s ( b )  1 7  2 , 2 1 6  2 , 6 
i nv es t i gati on  a nd tes t i n g  ( c )  1 7  2 , 1  1 6  1 , 8 

( d )  1 7  2 , 6 1 6  1 , 6 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ( e )  _____  1 7  _ _ _ _  1 , 3 _ _ _ _ _ __ _ _  1 6  _ _ __  1 , 1 _ ____  _ 
9 S u rveyi ng ,  ( a )  3 1  1 , 7 1 8  1 , 7 

e . g .  l a nd and eng i nee ri ng  ( b )  3 1  3 , 0 1 8  2 , 7 
s urveys , traffi c co unts , ( c )  3 1  2 , 2 1 8  1 , 9 
gene ra l i ns pect i o n ( d )  32 1 , 8 1 8  1 , 9 

__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _  ( e )  _ _ _ __ 3 1  _ ___  1 2
3 _ ___ _ _ _ _ _  1 8  _ _ _ _  1 2

0 _ _ _ _ _  _ 
1 0  Contro l of compan i es a s  a ( a )  2 3  1 , 5 

c l i e nt , e . g .  of cons u l tants ( b )  2 3  2 , 1  
( c )  23  2 , 3 
( d )  23  1 , 9 

_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ( e2 _ __ __  23  _ _ _ _  1 14 _ _ _ _  - -- - - - - - - - - - - - - - - - - -
1 1  Ma nageri a l  a nd  adm i n i stra- ( a )  1 03  1 , 9 

t i ve , e . g .  s uperv i s i on of ( b )  1 04 2 , 4 
pers onne l , comp l et i on of ( c )  1 04 2 , 5 
re t urns ( d ) 1 0 3 � 1 , 7 

( e )  1 0 3 1 , 5 

- 2Y-

29  
2 9  
2 9  
29  
29  

1 , 7 
2 , 8 
2 , 3 
1 , 6 
1 , 6 

le ant ,  nued ) 
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( c )  Government  s ector 

Government sector 
1-I .... E-ng_,i,_n-ee_r_s--r( pro- Techn 1 c 1 ans  ( techno-

fes s i ona l and l og i s ts , techn i c i an s  
Job funct i on I raduated and d ra u  htsmen ) 

N X N X 
1 Prel im i na ry i nves t i gat i on , ( a )  97 2,4 26 2,4 

e . g .  p l ann i ng and feas i b i - ( b )  98 3,4 26 3,0 
l i ty ( c )  97 2,3 26 2,1 

(d ) 97 1 ,3 26 1 ,4 
__ _ _ _ ______________ _ _ _ _ _ _ __ _ _ _ __ _  ( e ) _ _ __  97 _ _ _ _  1 i6 _ _ __ _ _ _ _ _  26 _ _ _ _  1 i6 _ _ _ __ _ 
2 Deve l opment of des i gn , ( a )  74 2,3 23 2 ,3 

e . g . ca l c ul at i ons and ( b )  74 3,4 2 3  3,7 
creat i on of rou gh  or ( c )  74 2,1 2 3  2,3 
s ketc h  draw i ngs ( d )  74 1 ,3 23 1 ,3 

_ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ( e )  _ __ _  73 _ _ __ 1 � 5 _ _ _ _ _ _ _ _ _  23 _ _ __ 1 , 3  _ _ _ _ _  _ 
3 Deta i l des i gn , e . g . ( a )  5 4  1 ,9 1 1  2,9 

ca l cu l at i on of components ( b )  55 3,4 1 1  3,9 
( c )  5 4  2,0 1 1  2 ,2 
( d )  5 4  1 , 3 1 1  1 , 0 

_ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _  ( e )  _ _ __  5 4  _ _ __ 1 i5 _ ___ __ ___  1 1  _ _ _ _  1 ,2 __ ___ _ 
4 Deta i l documentat i on , ( a ) 5 7  2,1 2 3  2 ,6 

e . g .  pre pa rat i on of fi na l ( b )  5 8  3,9 24 3,0 
drawi ngs , deta i l i n g  etc . ( c ) 5 7  1 ,4 23  2,0 

( d )  5 7 1 , 3 2 3  1 , 5 
_ _ _ _ _ ______ __ ______ _ _ _ __ _ _ _ _ _ _ __ _  ( e ) _ _ __ 5 7  ____  1 ,8 ____ _ __ _ _  23 _ _ _ _  1 i 3 _ _ _ __ _ 
5 Techn i ca l wri t i n g ,  ( a ) 1 31 2,1 35 2,5 

e . g .  spec i f i cat i on  and ( b )  1 32 3,3 35 2 ,8 
report wri t i ng , deve l op i ng ( c )  1 31 2,4 35 2 ,3 
s c hed u l es of quant i t i es ( d )  1 31 1 ,5 35 1 ,4 

_ _____ __ _ _________ _ __ _ _ _ _ _ _ _ _ _ _ _ _  (e ) _ _ _ 1 31 _ _ __  1 ,4 ____ _ ____ 35 _ ___  1 i5 _ _ _ _ _  _ 
6 Meas urement , est i mat i ng ( a )  98 2,0 20 2,5 

budgets , e . g .  meas uri ng ( b )  99 3 , 3 20 2 ,8 
q uant i t i es , e s t imat i ng , ( c )  99 1 ,9 2 0  2,3 
tender preparat i on ( d )  99 1 ,4 2 0  1 , 7  

_ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ( e )  _ __ _  99 _ ___  1 ,4 _ _ _ _ _ ____  20 _ _ _ _  1 , 3  _ _ _ _ _  _ 
7 Proje ct management , ( a ) 73 2,0 1 7  2 ,6 

e . g . cons t ruct i on mana gement , ( b )  74 3,3 1 7  3,3 
con tract s uperv i s i on and ( c )  73 2 ,4 1 7  2 ,4 
procurement ( d )  73 1 ,4 1 7  1 , 5  

_ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  {e ) _ _ __ 73 _ _ _ _  1 ,3 ____ _____  1 7  _ _ _ _  1 , s  _ ____  _ 
8 I nves t i gat i on a nd tes t i ng ,  ( a )  31 1 ,8 1 8  2,7 

e . g .  materi a l s a nd so i l s  ( b )  32 3,8 1 8 3,6 
i nves t i ga t i on  a nd tes t i ng ( c )  31 2 ,2 1 8  1 ,0 

( d )  31 1 ,3 1 8  1 ,0 
__ ________ ____ _ _ _ _ _ _ __ __ _ _ __ __ _ _ _ (e ) _ _ __  31 _ _ _ _  1 ,4 ____ _ __ _ _  1 8  _ _ _ _  1 ,2 _ ____  _ 
9 S urvey i ng, , ( a )  6 2  2,2 31 2,2 

e . g .  l and and engi nee ri ng  ( b )  6 2  3,3 31 3,4 
s u rveys , traffi c counts , ( c )  62 2 ,0 31 2 ,1 
genera l  i ns pe ct i on ( d )  6 2 1 ,3 31 1 ,3 

_ _ _ _ _ _ __ _ _ _ _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  (e ) _ ___ 62  _ _ _ _  1 ,3 _ __ _ _ _ _ _ _  31 _ _ _ _  1 ,4 _ _ _ _ _  _ 
1 0  Contro l  of c ompa n i e s  as  a ( a )  34 2 ,3 

c l i ent , e . g . of cons u l tants ( b )  35 3,3 
( c )  34 2 ,7 
( d )  34 1 ,4 

___________ _ _ _ _ _ _ _ _ _ _ _ ___ _ __ _ _ _ _ _  {e ) _ __ _  34 _ __ _  1 i 8 __ __  - - - - - - - - - - - - - -------
1 1  Manageri a l  and admi n i stra- ( a ) 1 37 2,2 43 2 ,4 

t i ve , e . g . s uperv i s i on of ( b )  1 39 3, 0 43 3,0 
pers onnel , comp l eti on of ( c )  1 37 2,0 43 2,1 
returns ( d )  1 38 1 ,5 43 1 ,4 

( e ) 1 38 1 ,7 43 1 ,7 
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TABL E 3.5 
EASE  WITH WHICH EM PLOYERS CAN OBTAIN TH E P ERSONN EL TH EY REQUIR E 

Emp l oyment category 

1 Engineers with univer-
sity degrees 

2 Certificated engineers 
3 Other graduates 
4 Draughtsmen with NOT 
5 D raughtsmen ( l owe r 

than NOT) 
6 Pupi l d raughtsmen 
7 Surveying technicians 

with NOT 
8 Su rveying technicians 

( 1 ower than NOT) 
9 Pupi l surveying 

technicians 
1 0  Other technicians 

with NOT 
1 1  Other technicians 

( 1 owe r than NOT) 
12  Othe r pupil techni-

ci ans 

1 )  = No p rob l em 

Consu l t � 
g roup 1 
N -1 )  X 

30 3,8 
1 2  3, 8 

8 3,9 
26 4,7 

23 4,0 
18  3, 1 

1 2  4,5 

9 3,7 

1 0  3,7 

1 8  4,3 

1 5  3,9 

14  3, 2 

5 = With great difficu lty 

3.4.2 Wage differentials 

Cons u lt . Consu lt. Pub lic Construct-
group 2 group 3 sector ion fi nns 
N x N x N x N x 

12 3,6 1 2  4, 1 6 4,0 1 7  3,6 
3 4 ;0 7 3,6 1 1 , 0 1 1  3,7 
4 3,5 9 2,9 3 1 , 7 1 4 4,2 

1 2  4, 7 10  4,2 6 4,3 5 2,4 

1 2  4,2 1 0  3,4 4 4,3 5 2,2 
10  2,6 1 0  2, 1 5 3,8 5 2,0 

6 4,0 6 3,5 8 4,8 13 4,5 

6 3,2 6 3,0 3 4,0 1 1  3,9 

2 2,5 5 2,0 4 4,0 12 3,3 

9 3,9 1 1  4, 1 6 4,8 13  3,8 

8 3,0 8 3, 1 3 4,3 10  2,9 

5 2,4 1 0  2,3 5 3,6 16 2,8 

The l abour ma rket is we l l  known for its imperfections and for the 
fact that supp ly  and demand in this ma rket are not whol l y  inf luenced by the 
price paid for l abour. In spite of these imperfections, wages stil l p l ay 
an important part in the al l ocation of l abour especia l ly in the p rivate 
secto r. Tabl e  3.5 indicates the median income for engineers and technicians 
by age group for the private sector. D raughtsmen were not taken into con­
sideration because of their sma l l numbers. 
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To get a better indication of wage differentials a second-degree 

function was applied to the data in Table 3.6 by the usual least-squares' 
method and the working life income calculated. Table 3.7 shows the cal­
culated flow and the total sum the average engineer or technician can ex­
pect to earn in his working life at present income levels. 

TABLE 3. 6 

MEDIAN ANNUAL INCOME OF  ENG INEERS AND TECHNICIANS BY AGE (PRIVATE SECTOR) 

--
Engineers Technicians ( excluding draughtsmen) 

Age Partner Employee 
N R.p.a. N R.p.a. 

20 - 24 �J }�QQQ�� 32 11 000 

25 - 29 1 18 000 184 14 950 
30 - 34 27 30 000 160 19 840 
35 - 39 48 36 000 93 22 000 
40 - 44 60 35 500 46 24 000 
45 - 49 39 36 000 26 26 450 
50 - 54 43 40 000 17 24 000 
55 - 59 20 35 000 18 24 475 
60 - 64 10 27 500 14 23 000 

-

NDT or h i gher I Lower than NDT 
N R.p.a. N R.p.a. 

9 11 000 20 5 400 
57 12 600 18 9 750 
44 15 665  32 14 335 
30 16 848 26 16 000 
1 1  19 175 20 18 120 
5 18 000 17 17 160 
4 17 450 13 15 000 

C i zj§Q] 6 :- 1 5-660 -! _ _ _ _ _ _ _ J 

1 17-450 ! 
L - - - - - - -' 

� - 15-660 -! ·- - - - - - - -"' 

-

*Figures blocked indicate an age group for which no median wage is available 
and for which an estimate had to be made . 

Technicians with NOT or higher can expect to earn R704 000 over 
working life (20-64 years) as against the R62 1 000 of technicians with qua­
lifications below NOT. This gives a difference of about R 160 a month. The 
engineer employee earns about R420 a month more than the technician at NOT 
level. The salary of the NOT technician compares very well with the salary 
that males with a B.A. as only and highest qualification can expect to earn 
(Goosen 1982). For example Table 3.7 shows that the NOT technician at 30 
years can expect to earn R14 400 and Goosen gives a salary of R 11 600 for 
the B.A. graduate of the same age. At 40 years the salaries are R 17 43 1 
and R 16 700 and at 50 R18 427 and R18 402. The income of the NOT technician 
is, however, appreciably lower than that of the B.Com. or B.Sc. graduate. 
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Whether the present differentials will provide enough incentive to draw 
larger numbers of pupil technicians to the technikons is an open question. 
Table 3. 6 also indicates that finns are beginning to realise the value of 
technicians with the NOT qualification. The wage differentials for tech­
nicians younger than 29 years is much higher than is the case for the older 
groups. 

3.4.3 Techno logy 

The increased use of technology in various fonns is also a method 
of saving time. A question in this regard was asked and it was concerned, 
not with any future developments but with the use of technology which is pre­
sently commercially available but is not available to the respondents. 

The results on this question appear in Table 3.8. 

It is apparent from Table 3.8 that only a few respondents in the 
total survey group indicated that time could be saved by making use of 
technology not presently available to them. Therefore no attempt was made 
to do the intricate calculation of man years saved by the use of these types 
of technology. Most of the responses dealt with detail documentation, de­
tail design and measurement, and estimating and budgeting. The type of 
technology most frequently mentioned was computer draughting and plotting 
equipment, minicomputers and computer facilities. Computerized admini­
strative systems were also mentioned and it is interesting to note that 
these systems were mentioned in connection with most of the job functions. 

It can be deduced from Table 3.8 that the engineer : technician 
ratio would be only slightly affected by the increased use of available 
technology. 

3.5 THE REALISM OF THE 1 1 IDEAL 11 RATIOS AS TRAINING TARGET 

Cambell Pitt wrote that "from time to time an attempt has been made 
to estimate the desired ratio of technicians to professional engineers. I 
find this an unprofitable task because there are so many factors that in­
fluence the ratio" (Cambell Pitt 1970). His remarks are still valid in as 
far as t he factors which influence the ratio are numerable and to a great 
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extent unquantifiable. The previous paragraphs dealt with some of these 

factors and only indicated the direction in which the ratios could be in­
fluenced, without any attempt to quantify the influence. Yet efforts in 
calcul ating the ratios are not without merit even if they only highlight 
practices which are undesirable in present circumstances. 

Determining whether the "ideal " ratios as calculated in this study 
can be regarded as realistic training targets, cannot be achieved by precise 
quantification. 

It is apparent from the analysis presented thus far that the engineers 
felt that an appreciable amount of their working time was spent on tasks 
that persons with lower qualifications could do just as efficiently. In all, 
1 16 1 engineers indicated that a certain amount of time could be saved. 
These 1 161 engineers indicated that 308,73 man years were used on such 
tasks . 

This is of course a purely hypothetical figure as respondents were 
asked not to take the practical situation in their organizations into account. 

It is also clear, however, that better use of engineers ' time will have an 
influence on the present ratio between engineers and technicians. 

Because of the differences in the tasks of consulting and construct­
ion firms there can hardly be one ideal ratio for the whole civil engineer­
ing industry and these two groups will therefore be discussed separately. 

Firms were asked to indicate the number of workers in a category 
that could be employed in addition to the number employed at the time of 
the survey (Appendix B, Question 1, Column B). The results are shown in 
Table 3. 7. In public sector terms these could be referred to as "vacant 
posts 11 • 

A few general trends are noticeable from Table 3. 9. 

(a) The number of vacant posts in the public sector is high. 

(b) In all employer groups the vacancy rate for support personnel 
is usually appreciably higher than it is for engineers. 

(c) The vacancy rate for technicians at NOT level is usually higher 
than it is for the group with lower qualifications. 
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TABLE 3. 9 
NUi11BER OF WORKERS THAT CAN H 'aMED IATEL Y BE ADD IT I ONALLY EMPLOYED 

Consulting 
firms 

N 0/ * 
/0 

Graduate engineers 151 1 1  , 3 
Certificated engineers 23 20 ,0 
Other graduates 17  1 9 , 1 
Draughtsmen (with NOT) 80 24 , 0  
Draughtsmen (lower than N OT ) 44 14 ,8 
Pupil draughtsmen 30 18 ,4 
Surveying technicians 
(with N OT) 9 23 , 7  
Surveying technicians 
( 1 ower than N OT) 8 18 ,6 
Pupil surveying technicians 8 53 ,3 
Other technicians (with NOT) 5 1  2 1 ,  0 
Other technicians 
(lower than N OT) 35 9 ,5 
Other pupil technicians 15 13 ,2 

* Expressed as % of job opportunities 

TABLE 3. 10 

Construction 
firms 

N % N 

82 16 , 7  74 
19  2 1 ,3 -
24 25 ,0 -
4 15 , 4  3 1  
4 16 ,0  -
4 12 ,5 12 

18 ·20 , 9 35 

1 4 ,0 1 
13 16 , 9  9 
79 24 ,8 74 

6 1 1  , 8 -
83 19 ,6 8 

RATIO BETWEEN ENGINEERS AND QUALIFIED TECHNICIANS ,  
VACANT POSTS INCLUDED 

Consult ing Construction 
firm firm 

Engineers 1 338 ( 1 )  49 1  ( 1 )  
Technicians (NOT+) 72 9 (0 ,5) 5 19 ( 1 , 1 ) 
Technicians (N OT-) 7 1 1  (0 ,5) 10 1 (0 ,2) 

Public 
firms 

% 
24 ,3 

58 ,5 

36 ,4 

47 ,3  

6 , 3 
25 ,0 
48 , 7  

22 , 9  

One would therefore expect that the ratios between qualified techni­
cians and engineers , taking vacancies into account , would be different from 
those shown in Tab le  3.3 These ratios are shown in Table 3. 10. Wor ked to 
the first decima l these ratios on l y  change s l ight l y  in the case of construct
ion firms , i.e. from 1 : 1 ,2 to 1 : 1 ,3. For the consulting firms the ratio 
remains the same at only 1 : 1. 

A very important point which has not been discussed up to now is the 
number of pupil technicians and the vacancies which exist for these pupils. 
Table 3. 1 1  shows the available job opportunies in the firms surveyed , i.e. 
in public sector terms filled posts plus vacancies. 
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TABL E 3. 1 1  
JOB O P PORTUNITIES FOR T ECHNICAL P ERSONNEL 

Consulting Construct i on 
Occupation firms firms 

N % N % 

Graduated engineers 1338 42,4 49 1 28,2 

Certificated engineers 1 15 3,6 89 5, 1 
Ot her graduates 89 2,8 96 5,5 
Draughtsmen (with NOT) 333 10,5 26 1 ,5 
Draughtsmen (lower than NOT) 298 9,4 25 1 , 4 
Pupil draughtsmen 163 5,2 32 1 , 8 
Surveying technicians (N OT) 38 1 ,2 86 4,9 
Surveying techn ic ians ( l ower than NOT) 43 1 ,4  25 1 ,4  
Pupil surveying technicians 15 0,5 7 7  4,4 
Other technicians (with N OT) 243 7,7 3 18 18,3  
Other technicians .  (lower t han rmT) 370 1 1  , 7 5 1  2,9 
Other pupil technicians 1 14 3,6 423 24,3 

TOTAL 3 159 100 1739 100 

Analysis of t he above table indicates that t he construction firms 
are really trying to change t he present ratio of engineers to technicians. 
Of the total number of posts t hat were available, t he construction firms 
reserved 24,3 % for other pupil technicians as against the 3,6 % of the 
consulting firms. 

In the interpretation of t he data in Table 3. 1 1  it should be taken 
into consideration that even pupil technicians trained at a technikon are 
available for production work for some time , and t hat many 
others are trained in- house. The pupil tec hnicians t herefore have an in­
fluence on t he availability of support services and the engineers surely 
took this into account when giving an indication of time saved. 

Leaving other graduates out of consideration, the ratios between 
engineers and all technicians (including pupils) were t he following : 

Consulting firms 1 1,3 
Construction firms 1 2, 4 
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As has been shown, the increased use of technology can also save 
some engineering time and the hypothetical ratios based on the initial 
calculations are perhaps not an unrealistic training target, especially as 
firms indicated that it was not very difficult to recruit pupil technicians. 

3.6 RECOMMENDATIONS 

The engineers clearly felt that they were spending time on functions 
that could be performed efficiently by persons with lower qualifications. They 
indicated that the non-availability of such personnel was an important con­
tributory factor towards this situation. Firms should therefore try to in­
crease the training of technicians. It is also clear that not all these 
technicians need to be trained to NOT level and that there is scope for 
those with lower qualifications. Finns should also note that both techni­
cians and engineers undergo relatively long training periods. The civil 
engineering industry is rather sensitive to fluctuations in economic activity 
and state expenditure. Because of the · curtailment of bursaries in difficult 
times and the usual student reaction to market forces, the intake of first­
year students during such times tends to become smaller. Because of the 
long training period this often results in a small supply precisely at the 
time economic activity peaks. Supply and demand are therefore often out of 
phase. Finns should therefore think twice about curtailing training schemes 
during periods of low economic activity. 

Although the respondents felt that management did not play an 
important role in contributing towards underutilization, management should 
nevertheless take a careful look at the way they use their scarce human 
resources. 
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APPEND I X  A 
HUMAN SCI ENCES RESEARCH COUNCI L  

SOUTH AFR ICAN INST ITUTE FOR MANPOWER R ESEARCH 

SKI LL  MIX IN  THE C IV I L  ENG INEER ING INDUSTR Y  

Rec .  No. 

Answer by [{J where possible in the appropriate block 

P lease indicate wh ich category describes your present position in  your organ isation 

the best : 

Professional engineer 

Graduated engineer 

Technologist 

Techn ician 

Leamer technician 

Draughtsman 

Learner draughtsman 

Other (Please specify) 

m 
[IT] 

1 4 1 I 

1 s I I 
I s  I I 
[21] 

2 If you have indicated 0 or [zJ in 1 ,  supply the qual ification -for which you are 

studying at the moment 

3 Status in the organisation : D i  rector /Partner 

Employee 

I 1 I I 
[ill 

4 H ighest qual if ication you possess at the present moment (P lease consu lt the l ist 

of qual ifications on page 6 & 7 ) .  

Qual ification group 

I 1 l 2
1

3

1

4

1

5

1

6

1

7

1 

- 40 -

Office use 

l - 5 

6 

7 

8 

9 

I 

................................................................. � 



5 Year of birth J 1 9 1 

6 Length of average work ing week .__ _ ___.) hours 

7 How many weeks on average do you devote to your work per year? 

8 Male 

Female 

....._ __ ..... l weeks 

9 What is your gross annual sa lary/income from the work done at this organ isation? 

1 0  T H I S  QU ESTION IS  TH E FOCUS O F  TH E SU R V EY !  ! 
P L E AS E  R E AD TH E I NSTR UCTIONS CAR E FU L LY ! ! 

The question is d ivided i nto 5 b locks, A to E .  

P lease answer the question b lock b y  block after reading through all the job func­

tions first. 

B lock A :  How much time { i n  % ) d o  you spend on  average o n  the job functions 
l isted? (Total 1 00% ) 

--

Block B :  U se  your last two working weeks as reference, i nd icate how your 
work ing t ime was d istributed accord i nq to the l isted job functions. 
(total 1 00% ) 

B lock C :  Think only about the job you had to do, as indicated in block 8. 

G ive no attention to the practical staff situation in your organisation 

( i .e .  the avai labi l ity of support personnel . ) ·  

What % of  the t ime indicated in block B ,  for each job function,  could 
have been performed just as efficiently by a person with other qual ifi­
cations than yours.  

B lock D :  I nd icate i f  the tra in ing of the imaginary person must be main ly  
techn ical (T)  or admin istrative/clerical (A)  

B lock E :  P lease consu lt the l ist of qual ifications and i ndicate the qual ification 
group of the i maginary person you have i n  mind. 

- 4 1 -

Office use 

1 0  - 1 1  

1 2  - 1 3  

1 4  · 1 5  

1 6  

1 7  · 
2

1 
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1 2  Technology 

Refer back to the work ing t ime distribution suppl ied in B lock C (question 1 0) .  
I ndicate below i f  working t ime cou ld be  saved by  making use of technology that i s  
commercia l ly avai lable but to which you personal ly  have no  access. 

No.  of job 
function 

% of work ing t ime 
that cou Id be saved 

EDUCATIONAL QUALI F ICATIONS 

G roup [!] 
Std 1 0, NTC I l l  

Group � 

RSA-Qualifications 

I nd icate the k ind of technology e .g. min i  
computer, computer draughting,  etc. 

National Techn ica l  Certificate ( NTC IV & V )  
Advanced Technical Certificate (ATC I and I I ) 
National Certificate for Technicians (NCT) 
I ntermediate D iploma for Techn icians ( I DT) 
National Teaching D ip loma (techn ica l )  
Certificate of Competency as  Telecommunications Techn icians (Post Office) 
Typing Dip loma - 2 years post matricu lation tra in ing 
Secretarial Tra in ing - 2 years post matriculation train ing 

Other 
"B"-certificate with specia l isation ( Belgu im )  
Meisterprufung (Germany) 
Ord inary National Certificate (ONC- Britain )  
City and Gu i lds of  London I nst itute (CG L I ) ,  
F i na l  Technical Course ( Brita in )  
Engineering Cert ificate (V ictoria, Austra l ia )  
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Group (I] 
RSA-Qual if ication 
National Techn ica l D iploma (NTD)  
National Engineer ing D iploma 
H igher National Certif icate for Techn icians ( HNCT) 

Other 

Staatl ich Geprufter Techn iker (Germany ) 
M idde lbare Techn ische School (MTS-Netherland ) 
U itgebre id Techn ische School (UTS- Netherland ) 
H igher National Certificate ( H NC-Brita in )  
CG L I  Fu l l  Techn ica l Course ( Brita in )  
Engineering D iploma (Austra l ia ) 
Dip loma for E lectron ic Technicians ( Bu lgaria) 
General Mechanical Technician D ip loma ( Hungary) 
Technica l  D ip loma (Poland ) 
National Technica l  Certificate (Switzerland )  
Techn ical D ip loma (Czechoslovakia) 

Group 8J 
National D ip loma for Techn icians ( N OT)  
H igher Nat ional D iploma for Technicians ( H N OT) 
Government Certificate of Competency 
Certificate as M i ne Surveyor 

G roup I}] 
Hogere Techn ische School (HTS- Netherland ) 
Government Certificate ( Rhodesia ) 
Chartered Eng ineer (CE- Brita in )  
D ip lom HTL (Switzerland ) 
Techn ische l ngineer with Specia l isation "A2 " ( Belgu im)  
Technische l ng ineer with Specia l isation "A3 " ( Belgium)  
B .  Tech . (Austra l ia )  
Dip .  Tech . (Brita in )  
H igher National D ip loma ( H ND -B rita in )  
Technische l ngineer "A" ( Belgu im )  
I ng-Grad (Germany) 

Group 0 
Bachelors degree in Engineering 

Group [zJ 
Honours and higher degrees 
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1 . 1 

1 . 2 

1 . 3 

1 . 4 

1. 5 

1.6 

1 . 7 

1 .  8 

1 . 9 

1 . 1 0 

1. 1 1 

1. 1 2  

1 . 1 3 

1. 1 4 

A P PENDIX B 

SKILL MIX IN TH E CIV I L  ENGIN EERING INDUSTRY 
ORGANISAT I ON QUESTIONNAIRE 

i ce u se  

Please indi cate the number  of persons at present employed 
j in your organ i sat ion in column A. In column B please ind i =  Rec . No. 

cate the number of persons who could at present be i mrne= 
d i ately employed in add it ion to those ment ioned in column A 1 -3 

Category of empl oyee 

Eng in eers with un i vers ity degrees 

Certificated eng ineers  
Othe r  graduate s  (e.g. land and quant ity 
s urveyors ) 

Draughtsmen with NOT 

Draughtsmen ( l ower than NOT) 

Pupil draughtsmen 

Survey i n g  techn i c ians w ith NOT 

Surveying technic i ans (lower  than NOT )  

Pupil su rveying techn i cians 

Other techn i c i an s  with N OT 

Other tec hn i c ians (lower than NOT) 

Other pup il techn i c ians 

Tracers 

C l er i cal personnel and typ i sts 

-47-

Column Column 
B 

CJ CJ  4-8 

CJ CJ  9- 1 3  

CJ L]  11- 1 4- 1 8  

CJ I  I 1 9-23 

CJ r=J 24-28 

CJ CJ  29-33 

CJ CJ  34-38 

CJ CJ  39-43 

CJ CJ  44- 48 

CJ CJ  49- 53  

CJ CJ  I 54- 58  

CJ CJ  ill 59-6 3 

CJ CJ  64- 68 

CJ CJ  69- 7 3  

7 6  

M- ·1 4 7 ( 7 7-8 0  ) 

A 

Off' 

I I I 

IIW 



2 P l ea se  rate the present  supply posit ion in t he categories of 
personn e l  me n t ioned in question 1 in terms of t he eas e  with 
w h i ch your organisat i on can obtain the personne l  it  requires .  

--Off i ce u se 
No w ith great I 

d i ff i c ulty I 
2 . 1  Eng ineers w i t h  un i vers i ty degree s 

2 . 2  Cert if i cated en g ineers 

2 . 3 
Other graduates (e . g. land and quant ity 
surveyors) 

2 . 4  Draughtsmen w ith  NOT 

2 . 5  Draughtsmen (lower than NOT) 

2 . 6 Pup i l draughtsmen 

2 . 7 Survey ing techn i c i ans w it h  NOT 

2 . 8 Survey ing  techn i c ians ( l ower than NOT) 

2 . 9 Pup i l  surveyin g  techn i c ians 

2 . 1 0  Other techn i c ian s  w i th NOT 

2 . 1 1  Other techn i c ians  ( l ower than NOT) 

2 . 1 2  Other pup i l  techn i c ians  

2 . 1 3 Tracers 

2 . 14 C l er i ca l  personnel  and typ i sts 

prob l em 

( 1 I 2 I 3 1 4 s I 
I 1 I 2 I 3 1 4 s I 
I 1 I 2 I 3 1 4 s I 
I 1 I 2 I 3 1  4 s I 
I 1 I 2 I 3 1 4 s l 
I 1 l 2 I 3 I 4 I s I 
I 1 1 2 I 3 I 4 I 5 I 
Lt I 2 I 3 I 4 I sJ 
( 1 I 2 I 3 I 4 I 5 I 
1 1' 2 3 1 4 5 l 

f 1 I 2 3 1 4  s l  
I 1 I 2 3 1 4  s I 
I 1 I 2 3 [ 4 s l  
I 1 I 2 I 3 I 4 I s I 

3 How many of your pup i l tec hn i c ians are attending  courses 
at a techn ikon at the present moment? 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 
I 

I 
I 
I 

I I 

I 4 
I 

I 6 

I 7 

I 8 

I 9 

I 1 0  

I 1 1  

I 1 2  

I 1 3 

f 1 4 

I 1 5  

I 1 6  

I 1 7 

;� 76 

I 1 - 3 

1 8- 1 9  

M- 1 4 7 ( 7 7  -8 0 ) 
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H S R C  PU B LICATIO N  L IST 

A complete l ist of HSRC pub l i cat ions or a l i st of publ icat ions of a part i cu l a r  
i nst itute o f  the  HSRC can be  obta ined from the  Pres ident o f  the  Cou nc i l .  
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