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Orders and deliveries in the engineering industries

Introduction

History and nature of the Comprehensive Engineering 
Enquiry
The Comprehensive Engineering Enquiry (abbreviated 
to KS/Eng. enquiry in the Government Statistical Service) 
was introduced in 1958 as one of the measures taken at 
that time to improve Government statistical series. The 
purpose of this enquiry was to provide reliable information 
relating to engineering production which could be used in 
the compilation of the engineering component of the 
index of industrial production (see the Board of Trade 
Journal for May 1959 [1]). The information available for 
this purpose prior to 1958 came from a variety o f sources 
which were not comparable in reliability or timeliness and 
did not provide a wide coverage of the net output o f the 
engineering sector. Thus, the engineering series available 
for the original index of industrial production based on 
1948 =  100 covered, directly or indirectly, approximately 
75 per cent of the total net output in Order VI o f the first 
Standard Industrial Classification (SIC) which included 
shipbuilding and marine engineering along with engineering 
and electrical goods manufacturing. The comparable 
coverage for the revised SIC Order VI in the second index 
of industrial production based on 1954 =  100 was over 
90 per cent and in the third index of industrial production 
based on 1958 =  100 it was about 96 per cent. In the third 
index the KS/Eng. enquiry covered, either directly or 
indirectly, approximately 66 per cent of the net output in 
the contemporary Order VI and contributed a small part 
of the information for a further 28 per cent.

2 Although comparability is affected by the changes in 
the SIC effected in 1958 and 1968, some idea of the im port
ance of the KS/Eng. enquiry in the index of industrial 
production can be deduced from the weights assigned to 
the engineering component in successive indexes. Since 
the inception of the KS/Eng. enquiry the engineering indexes 
have accounted for roughly one sixth of the total weight 
in the index o f industrial production and the enquiry has 
accounted for roughly 12 per cent o f the total weight in the 
third index and roughly 14-5 per cent of the total weight 
in the 1963 based index. The remainder o f the engineering 
weight not covered by the KS/Eng. enquiry relates to 
Ordnance and small arms, production information on 
which is supplied by the Ministry of Defence to the Central 
Statistical Office only.

3 Information on the exact mode o f conduct o f the KS/ 
Eng. enquiry in the earlier years is not readily available, 
but some features of the enquiry have been common through
out its history. Up to December 1971 the enquiry was 
conducted on a voluntary basis with most establishments 
classified to the appropriate Order(s) supplying information 
either monthly or quarterly. This contrasts with the situa
tion before the enquiry began when a large proportion of 
the series available provided information on an annual 
basis only. The situation in 1952, when the revised index of 
industrial production was introduced, gives the flavour of 
the earlier situation although improvements had been 
achieved during the six years to 1958.

Table A
Weights assigned to the engineering components o f  the index o f  industrial production

Index based on

1968
SIC

Order
1948 -  100 1954 =  100 1958 =  100 1963 =  100

Weight per thousand

VII Mechanical engineering 74-2* 89-1* 90-5* 90-4
V m  Instrument engineering 8 0 * 9-2* 9-3* 9 - /
IX Electrical engineering 55-5* 53-2* 60-8* 68-1

Total
Original weight for most

137-7* 151-5* 160-6* 168-2

comparable contemporary 
SIC Order

1321 164-0 166-9 168-2

4
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♦Calculated by J. W. Gardner [5].
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Engineering series used in 1952for the 
index o f industrial production

Table B

Weight per Number
Nature of series Timing thousand of series

Value o f deliveries Monthly 271 21
Quarterly 25‘1 7
Annual 25-1 26

Total 77-9 54

Other series Monthly 24-4 19
Quarterly 5 0 7
Annual 12-5 20
Mixed 12-3 7

Total 54-2 53

All series 132-1 107

4 The information provided by firms in the KS/Eng. 
enquiry has been fairly standard since 1958 although the 
detailed construction of the form has changed, mostly 
because of the revision to the SIC in 1968. Copies of the 
forms used are given in Appendix A. As can be seen from 
the 1968 form, firms were asked to report the total value 
of deliveries (i.e. despatches from maker’s works) during 
the period covered by the return at net selling value which 
was defined as the amount charged to customers less such 
items as purchase tax, discounts, agents’ commissions and 
allowances for returnable cases. The output covered con
sisted of deliveries of the products covered by the return 
plus the amount charged for other work done for customers, 
capital equipment made for use in the unit covered by the 
return and charged to capital account and the value of 
goods made by other firms from materials given out to them. 
Goods sold without being subjected to any manufacturing 
process (merchanted or factored goods) were excluded. 
The total value of orders on hand at the end of the period 
covered, that is the value of all orders booked but not 
delivered, were reported on the same basis as deliveries 
as far as possible. The values of deliveries and orders on 
hand known to be for direct export were also to be recorded. 
Firms were asked to allocate their deliveries and orders 
on hand to product groups defined so as to correspond 
as closely as possible to the characteristic products of the 
SIC Minimum List Heading (MLH) industries and sub
divisions of Orders VII, VHI and IX.

5 The choice of deliveries rather than work done, or 
work completed, as a measure of production was deter
mined by the relative ease with which information on de
liveries could be obtained within most firms in the engineer
ing sector. The high level of co-operation from firms 
experienced since 1958 bears out the correctness of that 
initial choice. The value of deliveries in a period differs
2

from the value of production because of changes in the 
level of stocks and work in progress. Even if production 
data rather than deliveries data were available they would 
not provide the theoretically correct concept to use in the 
index of production which should ideally be measuring 
movements in net output defined as the value added to 
materials (including fuel and power), components and ser
vices by the various processes of manufacture and assembly 
within the firm (allowing for the effect of price change). 
In practice it is not possible to obtain the necessary data 
to carry out the separate deflation of inputs and outputs 
which would be needed to use a net output concept. It 
is generally assumed that neither of these sources of differ
ence will have a sufficiently marked effect to make the value 
of deliveries a poor substitute for value of net output 
whenever information on the latter is needed. This may 
well be true for the population of firms in each SIC Order 
but need not be true at all times for the monthly sample 
(particularly when making preliminary estimates from 
partial sample data) nor for particular industries at the 
MLH level.

6 Since 1958 all firms classified to the SIC Engineering 
Order(s) have been asked to make a return if they employed 
25 or more persons. According to the Board of Trade 
Journal [1], in 1958 monthly forms were sent to about 1,000 
addresses and quarterly forms to about 4,000 additional 
addresses. These addresses were obtained from the Census 
of Production register. In 1969 the total number of quarterly 
forms issued was about 3,000 and of monthly forms about 
980. The numbers of quarterly forms issued dropped because 
some firms died, some firms merged their returns for 
individual establishments into a single return and some 
firms refused to provide any return. The mode of allocating 
quarterly and monthly forms in 1958 is not now known with 
certainty but was probably based on the type of return made 
in previous enquiries. In 1969 the allocation depended on 
the willingness of reporting units to make a monthly 
return.

7 Prior to 1969 the total population of firms with 25 em
ployees and over in Order VI (Engineering and Electrical 
Goods) was divided into three strata representing firms 
with total annual deliveries in exceess of £1,000,000; between 
£250,000 and £1,000,000; and below £250,000 respectively. 
These are referred to as strata 3, 2 and 1 respectively. 
The monthly sample of firms was selected initially to ensure 
that a monthly return was obtained from all the firms in 
stratum 3, one fifth of the firms in stratum 2 and one tenth 
of the firms in stratum 1. This stratification was retained 
from 1969 within each of the three new orders VII, v m  and 
IX listed in the table following paragraph 2. In 1969 the 
quarterly plus monthly returns constituted very nearly 
the whole population of firms of 25 employees and over 
classified to the Engineering Orders of the SIC and the 
monthly returns were treated as a representative sample of 
the total. Lack of co-operation by some firms and changes 
in the fortunes of others caused the actual allocation to 
strata to diverge from what was intended as time progressed, 
although some attempt was made to maintain the original
pattern.

* i

t ,i4 > ̂  •

Usesma
9 As si
enquiry
for the
co m p o D
coDiinu<
in this I 
data is
conduct 
gineerin, 
same CO 
It is DOl 
relating 
sought 1 
of deliv 
publishe 
markets, 
reported 
the valuf 
behveen 
and t —

These int 
Departm 
Index nu 
hand an(
goods, di
ftith a 
capital g(
'̂aluefigi] 

for the 1

oulateda 
for each 
Central S 
index of
^ e s t i

10. fnac of the
con,

"̂ noemjg



“ >isei,

very
es and ova

8 The voluntary nature of the monthly samples prevents 
them from being regarded as random samples of the strata 
populations at any one point in time. Indeed, random 
selection is not practical in the situation encountered in a 
KS/Eng. type enquiry. A  prime requirement, imposed by 
Ministers and their senior advisers in the administration, 
is that reliable information on engineering production be 
available monthly at as early a date as possible after the 
period to wliich the information refers. To attain this end 
an early response must be obtained from a fairly large 
number of firms and this can be best achieved if the required 
information is supplied as part of the routine activities 
of a firm. The intermittent requests for information, 
characteristic of random sampling methods even when 
rotating sample procedures are used, would work against 
this requirement of early information.

Uses made of KS/£ng. data
9 As stated above the reason for commencing the KS/Eng. 
enquiry in 1958 was to provide regular reliable information 
for the calculation at SIC Order level of the engineering 
component of the index o f industrial production. This 
continued to be the major use made o f the data collected 
in this enquiry. A notable characteristic of the KS/Eng. 
data is their uniqueness; no comparable survey had been 
conducted in this country providing information on en
gineering activities at the product (or MLH) level in the 
same comprehensive manner and as regularly and speedily. 
It is not surprising that as new demands for information 
relating to engineering production arose so the supply was 
sought from this source. Thus, additional index numbers 
of deliveries, orders on hand and net new orders were 
published in total as well as for both home and export 
markets. Here net new orders for each class o f goods 
reported by each respondent at time / was calculated as 
the value of deliveries reported at time t plus the difference 
between the reported values of orders in hand at times t 
and t — / ;  in terms of a simple formula this is

NNO(t) =  DEL{t) +  [OOH(t) — OOH(t -

These index numbers were used extensively within economic 
Departments as indicators of past and future trends. 
Index numbers were also calculated of deliveries, orders on 
hand and net new orders on a quarterly basis for capital 
goods, distinguishing the total, home and export markets, 
with a subclassification into mechanical and electrical 
capital goods and heavy and light capital equipment. Actual 
value figures of deliveries, orders on hand and net new orders 
for the various headings shown in the forms were cal
culated and published in the Monthly Digest of Statistics 
for each quarter. Indexes of deliveries were used by the 
Central Statistical Office in the calculation of the monthly 
index of industrial production and the quarterly output- 
based estimate of gross domestic product.

10 In addition to these regular and systematic uses made 
of the KS/Eng. data a number of ad hoc exercises have 
been conducted using these data. Examples include the 
concentration of particular industries, the variability of

export performance among firms and the product mix within 
companies. All such ad hoc studies have been conducted 
with due regard for the confidentiality o f information 
supplied by individual firms.

11 Most of the uses mentioned above were not in the minds 
o f the designers o f the KS/Eng. enquiry in 1958. Whilst 
the enquiry has always been regarded as adequate for its 
prime purpose o f supplying the basic data for the engineer
ing production indexes it may not have been ideal for 
certain other uses made of those data. The uniqueness of 
the enquiry resulted at times in the derived data being 
looked at less critically than was desirable, even though 
users may have been aware o f defects. This led to the results 
o f some studies being presented in a manner which suggested 
greater accuracy in these data than was warranted. Defects 
in the data arise from the manner in which deliveries are 
measured and, for monthly data only, from the structure 
of the monthly sample. Other sources of error in derived 
statistics will be mentioned later.

12 Other cautions on the interpretation o f the KS/Eng. 
enquiry data relate to the dynamics o f the engineering sys
tem. Thus, changes in orders on hand are affected by changes 
in the level o f new orders received, orders cancelled and 
goods delivered. A downward movement in orders on hand 
could be caused as much by a high level o f deliveries as by 
a low level of new orders received. A  recovery in new orders 
will not lead to a rise in orders on hand until new orders 
exceed deliveries; it may well show first in an increased 
rate o f deliveries, especially if manufacturers have accumu
lated stocks. A rapid increase in net new orders or orders 
on hand does not necessarily imply a similar rate of increase 
in production or deliveries. Manufacturers are usually 
cautious about expanding production capacity so, in the 
absence o f unused capacity, an increase in new orders may 
lead in the first instance to a lengthening o f order books 
and the quotation o f longer delivery dates. I f  prospective 
purchasers fear a  shortage they may place orders in antici
pation of delays in delivery and even place orders with 
more than one supplier. In such circumstances statistics 
o f net new orders will exaggerate demand. These last 
observations, and other warnings on the interpretation of 
statistics derived from KS/Eng. enquiry data, were published 
in articles in the Board of Trade Journal [1, 2], but do not 
appear to  have been given great prominence in subsequent 
Government publications.

The calculation of engineering indexes
13 A description o f the calculations employed in all the
various uses made o f KS/Eng. enquiry data is impracticable. 
Such descriptions should properly accompany or be associ
ated with the presentation or publication o f any derived 
statistics or analyses. Here attention will be confined to the 
calculation of the engineering indexes for each o f the three 
SIC Orders VII (mechanical engineering), VIII (instrument 
engineering) and IX (electrical engineering). Nine time series 
o f such indexes were calculated for each o f these Orders 
and for the three Orders combined, as listed below.
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Orders on hand

Deliveries

Net new orders

Total 
Home 
Export 
Total 
Home 
Export 
Total 
Home 
Export

The data for home deliveries and orders were obtained from 
the difference of the values recorded by each respondent of 
total and export values. The calculation of net new orders 
has been described above. The values of net new orders for 
delivery to the home market were, thus, derived from a 
double difference and so may be subject to a greater 
measurement error than any of the other basic data. The 
mode of measuring exports does not correspond to that 
employed by the Commissioners of Customs and Excise 
in the calculation of overseas trade statistics (see for 
example the Board of Trade Journal [1]).

14 The quarterly index numbers were calculated on a 
simple linkage procedure which is described here for total 
deliveries only. Analogous procedures were followed for 
the other indexes. The basic data used here were of two 
forms. The first consisted of the quarterly values recorded 
by those respondents in the quarterly sample submitting 
information for two consecutive quarters. These data are 
referred to in this report as the quarterly sample data. 
The second type of data consisted of the monthly values 
during each of t\:o consecutive quarters for those res
pondents in the monthly sample which made a return for 
at least two consecutive months in each of three quarters. 
These data are called the quarterly equivalent sample data 
in this report. The percentage change in the total value of 
deliveries between two consecutive quarters was calculated 
as follows. An estimated total value of deliveries of principal 
products in industry i for quarter t was obtained from the 
sum of separate estimated total values for the quarterly 
and quarterly equivalent samples. The estimated total for 
the quarterly firms was obtained from information supplied 
by those respondents who made a return in quarters 
t and t — 1. This latter set of respondents is called the 
matched sample for those two quarters. If the total values 
of deliveries for the quarterly matched sample in industry i 
for quarters t and t — /  are ^mg) and 2t(t~i)(g) respectively 
then the quarterly sample link relative for these two quar
ters is Note that the matched
sample for Ltnq) was not necessarily the same as that for 

(j). The total value of total deliveries for the quarterly 
sample in quarter t was then estimated as

^Uig) =  X ^i(t~l)(g)
where J(!̂ t(t-i){g) was obtained in a similar manner in the pre
vious quarter.

15 The estimated total value of total deliveries for the 
quarterly equivalent sample in quarter t was obtained from 
the sum of the estimates of the comparable total for each 
of the three months in the quarter. These monthly estimates 
were obtained from information supplied by those respond-
4

ents who made a return in months s and s — /. This latter 
set of respondents is called the matched sample for those 
two months. If the total values of deliveries for the quarterly 
equivalent matched sample in industry i for months s and 
5 — /  are 2u(ge) and respectively then the
quarterly equivalent sample link relative for these two 
months is Ligige) = ^tsige)-^^i(8~i)(ge)- The total value of 
total deliveries for the quarterly equivalent sample in month 
s was then estimated as

t̂8{ge) ~  Li8(qe) X ^i{g-l)(ge)
where ^H8~i){ge) was obtained in a similar manner in the 
previous month. If months s — ], s and j  +  /  comprise 
quarter t then the estimated total value of deliveries for 
industry i in quarter / is obtained from

Jtit — +  ̂ H,8~l)(ge) + î8{qe) + l)(qe)'
This procedure was used to obtain total values in each 
successive quarter. A link relative was then calculated as

Lit —
The value of the unadjusted index was obtained by chaining 
these link relatives back to the comparison base period. 
Effectively the unadjusted index was

lit — Lit'X‘Li(t-\) X —  y-Lii.
An adjustment was now made to allow for the number of 
working days and for changes in the level of prices between 
the two quarters. For the latter purpose a Laspeyre whole
sale price index was used with base year gross output
weights. If this price index is denoted ^  and if Du 
represents the number of working days for industry i in 
quarter t then the simplest possible form of the index 
number for industry i relative to base period 0 is

lit ^  i t tx  iD,cl
These indexes for MLH industries were then combined 
using net output weights derived from Census of Production 
data for the base year to give an index number of production 
at the SIC Order level.

16 The monthly indexes of engineering production were 
based on a similar linking procedure within each stratum. 
As the stratification was defined at SIC Order level all 
monthly calculations were made at that^Ievel. Thus, now 
I denotes the Order and t the month. Let Xijt and be
the total value of deliveries for the matched samples in 
stratum j  of Order i for months r and / — /  respectively. 
Then the link Lu was calculated as

X  Wj2ijt
L u  =  ^ ^ ------------- -  (t)

j ~ i
where fVi = 10, IVz = 5 and fVs = 1 are the inverses of 
the prescribed sampling fractions in each stratum. The links 
so obtained were then used to calculate the unadjusted 
index for the current month by chaining forward from the 
unadjusted index number value for the last month of the 
preceding quarter. The three monthly indexes so obtained

(t) The symbol X  indicates that terms similar to those on the right of 
this symbo/with indices /  = 1 ,2  and 3 are added together.
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were subsequently amended to agree with the quarterly 
index number. The amended value for the last m onth of 
the quarter then served as a datum from which the monthly 
index numbers during the ensuing quarter were calculated 
by the linking procedure described. The unadjusted indexes 
were adjusted to allow for changes in the level of prices 
and in the number of working days as indicated above for 
the quarterly index.

17 Provisional estimates of the monthly index of produc
tion were calculated about 4/5 weeks after the relevant 
month when about 50 per cent of the monthly sample 
returns had been received and revised estimates were 
calculated about 9/10 weeks after the relevant month 
when about 75 per cent of the monthly sample returns 
had been received. The formulae described above were 
used at all stages with the values of X  redefined as the 
values for the matched samples obtained to date. Sample 
information for a particular month could be received from 
individual returning units anything up to eighteen months 
after the end of the month in question. Adjustments to the 
preliminary estimates could have been made over periods 
of this order but it was not easy to justify the expenditure 
that would be required for what could have proved to  be 
minor changes. In practice no use was made of sample 
information received after approximately 10 weeks for the 
calculation of these indexes, although the complete sample 
information eventually received was used for many o f the 
other purposes mentioned in the previous section. The final 
adjustment to the monthly index was made at the same time 
as the final adjustment to the corresponding quarterly 
index number which may be anything up to 5 months after 
the month in question.

18 Provisional estimates of the quarterly indexes o f pro
duction were calculated about 4 weeks after the end of the 
quarter. The formulae described above were used at all 
stages with the values of X  redefined as noted above for 
monthly samples. The final adjustment to the quarterly 
index was made about 14 to 16 weeks after the end of the 
quarter, earlier or later if response was up to or less than 
90-95 per cent of the estimated value of deliveries for the 
appropriate SIC Order.

19 The time periods described above were not constant 
for all months and quarters. Small variations occurred for 
technical and administrative reasons. A major factor 
determining the date o f calculation of the first preliminary 
estimate and subsequent adjustments was the speed with 
which completed forms were received from returning 
units. In general there are a large number of factors which 
affect the speed with which respondents reply to an enquiry 
such as the one described here. Their relative importance 
is difficult to estimate and they do not necessarily remain 
constant over time. Some of them stem directly from the 
design and operation o f the enquiry itself; some are com
pletely external to it. In the first category are:

(a) the apparent complexity o f the enquiry form ;
(b) the ease with which respondents can obtain the data; 

respondents’ familiarity with the style o f the enquiry 
(a change o f form design can significantly affect 
response for a tim e);
the ability to identify key contributors to particular 
cells of an enquiry;
the effectiveness o f the methods used to remind 
non-respondents;
the speed and reliability with which data can be 
processed.

There are also extraneous influences which from time to time 
can assume considerable importance. For example, when 
significant structural changes are taking place within an 
industry (typically by mergers) or organizational changes 
are occurring within a firm (often consequent upon a merger) 
the management information system will also alter and the 
individual employees of the firm (with whom some personal 
rapport may have been established) change. This can 
seriously interrupt, or at least delay, the flow o f information. 
Secondly the speed o f response may be affected by the 
political or business environment. When the industrial 
community feels itself out o f sympathy with government 
policies o f the day, it may react by refusing to answer 
government questionnaires quickly. When pressure on 
resources causes firms to try to cut down on their ‘un
necessary’ overheads they may respond similarly. In this 
respect the KS/Eng. enquiry may be thought to have been 
particularly vulnerable because it was voluntary although 
even enquiries to which response is a statutory requirement 
may suffer by a slowing down of the speed o f response.

4
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Origins of the Study

i"

0

20 The necessity for a detailed study of the KS/Eng. 
data became apparent to those responsible for the calcula
tion of the indexes of engineering production sometime 
early in 1970. Two things prompted the commissioning 
of the study described in later pages. The first was that the

indexes from January 1969 displayed an unusual volatility 
and proneness to appreciable revision o f early estimates. 
Before January 1969 these indexes had appeared to be 
relatively stable. The second was that the advent o f the 
new system of quarterly industrial sales enquiries to be

5
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conducted by the Businesss Statistics Office (BSO) required 
a reconsideration of the monthly KS/Eng. enquiry especially 
since the responsibility for processing both monthly and 
quarterly enquiries was to be undertaken by the BSO.

21 Some of the changed behaviour of the engineering 
indexes from January 1969 may have resulted from industrial 
reorganization which was taking place about that time. 
This alone would not account for all the observed changes 
in the index and some were attributed to alterations in the 
enquiry which were introduced from that date. The first 
notable change was the splitting of the engineering Order 
VI into three orders in the new 1968 Standard Industrial 
Classification. This required a change in the enquiry form, 
in the mode of treating monthly data and of combining 
the information in the three new Orders to obtain a com
posite engineering index of production or orders. Such 
changes are bound to affect the comparability of the KS/ 
Eng. enquiry data before and after their implementation 
although the magnitude of their influence on the changed 
behaviour of the indexes cannot be known. Their effect 
on the response rate (as indicated at the end of the previous 
section), and hence the incidence of revisions to early 
estimates, may have been temporary only. In addition to 
these changes the index number was changed to a new base 
year (1963 =  100) using net outputs calculated from the 
1963 Census of Production as weights. The latter would 
not affect overmuch the volatility of the index after January 
1969 although it would obviously affect comparability.

22 Some teething troubles were experienced during the 
early months of 1969 with the change from the use of the 
Leo facility of the BSO at Eastcote to the Univac 1108 
at the National Engineering Laboratory, East Kilbride, 
Glasgow. The new data-handling computer program 
designed for the Univac machine was of necessity com
plicated and could not easily be changed. (A manual 
describing the program contains over 50 pages of text 
including Appendices.) This program was written on a 
non-modular basis which made it difficult to test in order 
to detect any weaknesses in the underlying scheme. This 
introduced difficulties in the first three months of 1969 
which made some aspects of the data for those months 
of limited use in the study described later in this report. 
A more stringent check on data was included in the Univac

program than existed for the Leo machine which may have 
resulted in more returns than hitherto being suspended 
for investigation and hence excluded from a matched 
sample in preliminary estimates. The preliminary sample 
sizes may have been smaller after January 1969 than 
before for this reason although it was never possible to 
discover what, if any, contribution this possible change 
may have made to the noticeably larger revisions under the 
new system.

23 For the reasons described above a need was felt, within 
the statistical department responsible, for a detailed study 
of the characteristics of the KS/Eng. enquiry data in order 
to determine the degree of validity of assumptions made in 
the calculation of engineering index numbers at different 
stages and the effect of noticeable departures from assump
tions on the reliability of such secondary statistics. This 
felt need was heightened by the necessity to plan a new 
KS/Eng. enquiry to operate from January 1972 when the 
BSO quarterly sales enquiries were planned to begin. This 
new KS/Eng. enquiry was to be planned by the statistical 
staff responsible within the Department of Trade and 
Industry (DTI) but thereafter the operation of the enquiry 
was to be the responsibility of the BSO. An additional 
reason for the study was to assist in deciding the nature of 
the KS/Eng. enquiry to be conducted by the BSO and the 
processing of the resultant data for the calculation of the 
engineering indexes of production. At the inception of the 
study the following objectives were tentatively in the minds 
of the DTI statisticians.

(a) The new KS/Eng. enquiry should be a monthly 
enquiry only.
It should be an ‘industry’ enquiry and not a hybrid 
industry/commodity enquiry as previously. Only 
total values would be requested, with no commodity 
detail, thus reducing the complexity of the enquiry 
form. Commodity detail would be available from 
the new BSO quarterly sales enquiry.
It should, if possible, be conducted on a sample 
basis with due consideration for timeliness and 
reduction of form-filling burden.
Some estimate should be made available, at least 
within Government service, of the probable error 
associated with each index number produced and, 
by implication, with changes as measured by move
ments in an index.

Scope of the Study

Aims of the Study
24 The general reasons given above for undertaking this 
study served as a central guide to the development of the
6

work reported here. The detailed planning of the work 
required somewhat more precise aims which at the beginning 
of the study were not completely formulated. The desirabil-
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ity o f including particular aims appeared only as the study 
evolved; a  not unusual situation when exploring unknown 
territory. The final aims recognized in the study are listed 
below. Anyone contemplating a similar investigation may 
find these useful in the preliminary planning of their own 
work.

(a) The study should determine the nature of the existing 
sample or samples used in the calculation of index 
numbers or gross population values. Particular 
attention should be given to any sources of non
representativeness, both in preliminary data and in 
the final sample, and the effect of this non-represent
ativeness on the estimators used should be deter
mined. Temporal changes in the sample should be 
examined.

(b) The study should explore the consequences of 
particular variations in the mode o f collecting the 
data and in the type o f estimators used.

(c) The study should attempt to assess the quality or 
reliability o f the estimators considered.

(d) The study should assist in the choice o f acceptable 
procedures both of collecting and processing data 
obtained in a KS/Eng. enquiry and should give 
guidance on the development of a suitable monitoring 
system.

The Study team
25 A decision was made early in 1970 to undertake the 
study reported here. Because it was recognized that the 
scope of the intended study was larger than could be tackled 
by the DTI statistical unit concerned alone an invitation 
was issued to three academics from the University of 
Edinburgh to assist both with advice and to undertake large 
parts of the study. The study team consisted of the following. 

Department o f  Trade and Industry:
K. G. H. Binning (Assistant Secretary)
Mrs A. M. Brown (Assistant Statistician; joined 

study July 1970)
F. A. Fitzpatrick (Statistician; left study February 

1971)
D. Jeffery (Assistant Statistician; left study 

September 1970)
D. B. Manwaring (Statistician; joined study 

March 1971)

Nature of the Study

Miss S. M. Turner (Assistant Statistician; joined 
study July 1970)

University o f  Edinburgh
P. R. Fisk (Department of Statistics)
C. W. D. Peare (Department of Statistics)
P. Vandome (Department o f Economics)

Constraints in the Study
26 Ideally a study such as the one reported here should 
examine the data available in a certain amount o f depth, 
to give a sound understanding o f the reasons for particular 
phenomena observed and also, over a reasonable period o f 
time, to  give an insight into temporal regularities. Neither 
ideal was really satisfied in this study for a number of 
practical reasons. A study in depth , was only possible if 
the material collected in the KS/Eng. enquiry could be 
easily manipulated in a large variety o f ways. This meant 
that no analysis of the kind contemplated here could be 
undertaken without the use of an electronic computer. 
As indicated above, data from January 1969 were stored in 
magnetic tape data files and these were readily available 
for an analysis by high-speed computer. Some o f the rele
vant data for periods prior to January 1969 were still stored 
on the original enquiry forms and these could not be 
transferred to cards or tape in the time and within the budget 
available for this study. Although the study began in earnest 
from October 1970 complete sample information was 
only available at the commencement o f the study for the 
calendar year 1969. By the end of 1970 nearly complete 
sample information was available for the first six months 
o f 1970 and this was included in some of the later work.

27 The restriction o f the time period covered by the study 
was the most unsatisfactory constraint on this investigation. 
Further constraints arose from the limited time available 
to conduct the study (the greater part had to be completed 
by December 1970), the large amount of data to be analysed 
and the geographical separation of the two groups o f the 
study team from each other and from the computing facilities 
at East Kilbride. The physical separation of the two halves 
of the study team was eased considerably by frequent use 
of the telephone and numerous journeys between the two 
capital cities and it is unlikely that much more could have 
been achieved if the two sides of the joint team had been 
geographically closer.

1
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28 Work on the study began slowly. In part this was 
because the academic members of the team were not 
completely aware during the early stages of the details of the 
system operating from January 1969 nor of all facets of

fC

the problem, in particular of the time constraint. It was not 
immediately obvious to the Edinburgh group that the bulk 
of the data and the mode o f storage would cause difficulties 
in the handling of the data. Initial proposals for tabulations

7
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were made by the university members of the team in June 
1970 but problems in computer programming delayed the 
production of these initial tabulations by some weeks. 
In the event only a limited number of further tabulations 
were possible for the study to be completed by the end of 
year. The bulk of the tabulations were made available to 
the Edinburgh group by October 1970. In that same month 
the academic team submitted outline proposals for a simula
tion study details of which were finally agreed in November 
1970 and work began on this in London soon after. The 
first results of that study were available in January 1971. 
A number of relevant investigations were carried out by the 
DTI members of the study team throughout this period. 
With the exception of the results of the simulation study all 
the material given in this report was in the hands of the 
DTI members of the team by mid-January 1971.

29 In retrospect it is possible to see defects in the work 
reported here. Information obtained in some detailed tables 
was not ideal for some of the analyses and comparisons 
made. Restrictions of time and money prevented the data 
from being processed in a comparable, but different, way 
to that given by an earlier tabulation and so the latter had to 
be used. Although all members of the study team now have 
a better idea how they would prefer to have conducted this 
study, it is unlikely that more work of this kind will be done 
on these data. The expenditure of public funds for this 
purpose cannot be justified within the DTI and the con
fidentiality of the detailed returns prevents the academic 
members of the team from doing any further work.

30 In order to keep the study reasonably simple most

Results of the Study

Introduction
33 The information obtained in this study is set out in 
this part in the following order. Section A presents some 
details of the characteristics of the KS/Eng. data at both 
monthly and quarterly level. Attention is given to the means 
and variances of the complete sample both overall and 
for each stratum separately and to the divergence between 
nominal and actual sampling fractions in each stratum. 
Some consideration is then given to the reliability of 
preliminary estimates at the quarterly level. The exercise 
reported in this section is possible only at the quarterly 
level for which information on an almost complete coverage 
of the population of engineering firms is available. The 
implications of the differences found between the prelim
inary samples and population are explored for the calcula
tion of index numbers. The effect of using matched samples 
is then considered.
8

attention was given to measurements of total deliveries at 
the Order level and Orders VIII and IX were amalgamated 
as if a single Order.

31 A major purpose of the study was to help to determine 
the reliability of the engineering index of production. 
Not all aspects of this reliability were examined in the study. 
Thus, no attention was given to the correctness of the values 
entered on the returned enquiry forms within the firm. It 
is not known in most instances who in the reporting unit 
has the responsibility for completing the enquiry form nor 
the source or reliability of his information. Lack of attention 
to this type of error does not mean that it is considered 
to be negligible. Other sources of unreliability include the 
use of an imperfect price index to deflate current values 
for an index of movements in ‘real’ terms and the effect 
of variable numbers of working days in each calendar 
month. These are all important aspects of the topic of this 
study but time and technical problems did not permit their 
inclusion. Work on some of these has subsequently been 
undertaken by others.

32 Attention was focused on the characteristics of the 
samples observed and of any estimator based on those 
samples. Only the simplest estimators were considered which 
either formed, or could form, part of the more complicated 
index number formula. A virtue of narrowing the study in 
this way is that it concentrates attention on one source of 
unreliability and analyses this in some depth. The under
standing gained in this way may help to place in perspective 
the other sources of unreliability mentioned above.

34 Section B considers the suitability of the ratio estimator 
as a measure of the percentage change in total deliveries 
for the different engineering Orders. Empirical regression 
lines were calculated relating one month’s total deliveries 
with those of the immediately preceding month. These 
empirical regressions ŵ ere then compared with what might 
be expected if a ratio estimator was, in some sense, a ‘best’
estimator.

35 Section C supplements the preceding section with a 
comparison of alternative estimators of the percentage 
change between consecutive quarters. These comparisons 
use formulae for estimated bias and standard error of 
estimate which would be appropriate if the data had been 
obtained by stratified random sampling. Section D attempts 
a similar exercise at the monthly level using the results of
the simulation study.
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36 Section E discusses the effect on a simple ratio estimator 
o f omitting reporting units below different specified sizes 
from the overall sample. Section F considers the effect of 
carry-in and carry-out in the estimation of quarterly 
indexes.

37 A non-technical summary of these sections is given in 
section G.

stratum in consecutive quarters for the complete and 
preliminary monthly samples mentioned below. It also 
requires data over an extended period of time before a useful 
comparison can be made. It was not possible in the time 
available to work with matched units; instead attention 
had to be restricted to estimates of percentage change 
between consecutive quarters.

A: Characteristics of KS/Eng. data 
Introduction
38 One of the declared objects of this study was to examine 
the representativeness of the monthly sample and the effect 
that any noticeable difference between sample and population 
was likely to have on the calculated monthly engineering 
indexes of industrial production. The representativeness 
of the monthly sample, both overall and for preliminary 
samples, was examined by reference to the values returned 
by reporting units in each of three or five quarters during 
1969 and 1970. This may be o f general interest to those who 
have used these data for other purposes and gives a limited 
insight into the usefulness of the monthly sample data for 
the estimation of an index. It is recognized that for the 
purpose of an index as much, if not more, interest lay in 
the representativeness of the monthly sample in terms of 
rates of change. Lack of time prevented a satisfactory 
comparison of the latter kind being made. The data avail
able for this study were too limited to  enable a comparison 
to be made between the actual quarterly index and an estim
ate based on monthly sample data alone using the index 
number formula described in Part I. This formula is rather 
complex and requires a matching of reporting units in each

Total sample characteristics
39 The results presented here compare means and vari
ances for the distributions of all respondents on file at the 
time of the study within each o f the strata described in 
Part T and for the combined strata. The strata were defined as 

stratum 1: total annual deliveries below £250,000 
stratum 2: total annual deliveries between £250,000

and £1,000,000
stratum 3: total annual deliveries in excess of

£ 1,000,000.
In all calculations based upon these data the samples 
within strata are treated as if they were representative of 
the total population within their respective strata. This 
will not be entirely valid in all instances. Differences in 
the composition and characteristics of the samples between 
months are to be expected for various reasons some of 
which are given in Part I.

40 Some idea of the magnitude of month to month changes 
in the stratum samples is given by the means and variances 
of recorded total deliveries by all respondents presented in 
Table 1. These sample statistics have been calculated from 
data grouped into twenty classes** with unequal group 
widths and so are subject to grouping errors. The effect o f
**See paragraph 64 for a description of these classes.

Values of total deliveries
Complete sample means and variances by strata and months in 1969

Table 1

Stratum 1

Sample
size

Mean
(£ ’000)

April
May
June
July
September
October
November
December

April
May
June
July
September
October
November
December 13-8

Stratum 2 Stratum 3

Variance Sample Mean Variance Sample Mean Variance
(£10’x) size (£’000) (£10“x) size (£’000) £(10“ x)

IVlechanical engineering (Order VIi:)

8-0 133 45-9 12-6 370 426-5 2-2
8-6 131 50-3 13-1 371 453-1 2-4

89-7 133 55-2 22-6 372 473-6 2-5
147-8 133 53-0 18-7 368 432-2 2-2
31-8 134 57-7 32-0 366 480-1 2-6

224-4 134 55-5 18-4 364 478-4 2-6
164-9 131 51-7 13-3 359 458-6 2-6
209-5 132 56-7 19-5 355 502-0 2-7

Instrument and Electricail engineering (Orders q̂ n  and IX)

20-9 59 49-3 10-0 275 525-1 3-2
26-0 59 50-6 9-6 276 541-4 3-3
32-4 59 44-9 6-4 274 551-1 3-3
50-3 58 49-7 8-6 276 520-5 3-0
44-2 58 50-4 8-7 274 580-9 3-5
10-4 57 59-2 14-5 271 579-8 3-3
11-6 57 560 12-7 270 571-1 3-5
32-4 1 59 55-1 11-5 271 577-2 3-5

Combined strata(0

Mean
( £ ’000)

163- 3
168- 7
169- 4
164- 6 
182-0 
183-8 
180-0 
181-0

Variance
( f l O ' ^ x )

(1) The strata totals are combined using weights in the ratio 10:5:1 for the three strata.
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this grouping is discussed below and is unlikely to affect 
the comparison of magnitudes revealed in this table. The 
months of January, February, March and August are not 
included in this table because problems of file management 
prevented reliable information from being obtained in the 
form required. The values in the column headed ‘com
bined sample’ are obtained by averaging appropriate stat
istics across strata using the weights 10, 5 and 1 which 
correspond to the inverse of the sampling fractions men
tioned in Part I.

41 Notable features of Table 1 are the volatility between 
months in the variances for strata 1, 2 and the combined 
sample and on occasions for month to month changes in 
the mean for combined strata to be in the opposite direction 
from those for strata 1 or 2. The changes in the magnitude 
of the variances are partly accounted for by the inclusion 
or exclusion of extreme observations. The sample sizes 
in strata 1 and 2 are so small and the range of possible 
values of recorded deliveries in any one month so wide that 
a change of one or two reporting units between groups can 
have a large effect on both mean and variance. It should 
be remarked that the apparent constancy of sample size 
does not mean that the composition of the respondents 
remains the same between months and there are good rea
sons for supposing that it did not. Thus, the observed 
changes between months are attributable partly to real 
changes in the distributions within strata and partly to 
changes in the identity of responding units. It is guessed 
that most of the change arises from the former cause.

42 The information contained in Table 1 suffers from two 
defects. One is the effect of grouping error on the calculated 
values and the other is the possible lack of representative
ness of the samples observed. The magnitude of these 
defects could not be determined for the monthly data. No 
information on the population of units was available on 
a monthly basis and a special computer run could not be 
justified to calculate the ungrouped means and variances 
by month. Instead an examination was made of data avail
able for each of the last three quarters of 1969. As explained 
in Part I the combined monthly and quarterly samples repre
sents a very large percentage of the total number of units in 
the population and little harm is done by referring to this 
combined sample as the population. This will be done 
throughout this text. The information supplied by those 
members of the monthly sample of firms which made a 
return for each month of a quarter was amalgamated to 
give a quarterly value for members of this sample. This 
group of firms is called the ‘quarterly equivalent’ sample 
to distinguish it from the quarterly sample which provides 
information on a quarterly basis only. Note that units in 
the monthly sample making a return for part only of a 
quarter are not included in the quarterly equivalent sample.

43 Means and variances for the quarterly and quarterly 
equivalent samples are given in Table 2 for each stratum. 
The arithmetic has been done on both grouped and un
grouped data for comparison. The composition of the 
grouped and ungrouped samples is not the same and this 
affects the comparison. The grouped sample refers to all
10

responding units with a recorded return on file for the whole 
quarter at the time of analysis. The ungrouped sample values 
were obtained from a tabulation which compared values in 
successive quarters. This sample therefore refers to all 
responding units with a recorded return on file for six 
consecutive months. It is to be expected that the ungrouped 
sample size will be less than the grouped sample size. 
As it happens the two tabulations were conducted at 
different points in time and more returns were on file when 
the ungrouped tabulation was made. Although these 
factors affect the interpretation of the values presented in 
Table 2 the general picture displayed there is likely to be 
fairly accurate.

44 The first notable point disclosed by Table 2 is the 
divergence between the nominal and actual sampling 
fraction in each stratum for Mechanical engineering and 
the large divergence in stratum 3 for Electrical engineering. 
The observed sampling fractions are set out below. The 
differences between the two Engineering Orders can be 
explained mostly by the different treatments of the quarterly 
sample. In Mechanical engineering, reporting units making 
quarterly returns whose total annual deliveries changed 
sufficiently to make their current classification to a stratum 
incorrect were reallocated to a more appropriate stratum. 
This was not done for Instrument and Electrical engineering 
reporting units which may affect the interpretation of the 
sampling fractions in Table 3. At the quarterly level the 
lack of changed allocation in the latter Order did not affect 
any calculations made for the index of engineering produc
tion because the stratification played no part in the estima
tion procedures followed. It will be noted from Table 3 
that the actual sampling fraction for the Mechanical 
engineering quarterly equivalent samples (and so for the 
monthly samples) is markedly different from the ten per 
cent used in estimates for stratum 1 but about right for 
strata 2 and 3. If the quarterly equivalent sample were 
representative of the whole population in each stratum the 
effect of these differences would be to underweight the 
contribution to the overall mean from stratum 1 and hence 
to bias upward the estimate of the overall mean from the 
quarterly equivalent sample alone. This can be seen from 
Table 4 which gives the percentage contribution from each 
stratum to the overall mean for the ungrouped data. The 
weighting adopted in this table is 10:5:1, proportional to 
the inverse of the supposed sampling fractions of 1/10, 
1/5 and 1.

45 A comparison of means and variances for quarterly 
equivalent and quarterly samples given in Table 2 indicates 
that the quarterly equivalent samples are markedly un
representative of the population for strata 1 and 2 in the 
Mechanical engineering Order but commendably similar 
in the same two strata for the Instrument and Electrical 
engineering Orders. In each of the three quarters covered 
the mean and variance in the first two strata of the Mech
anical engineering Order were noticeably smaller for the 
quarterly equivalent sample than for the quarterly sample. 
The effect of this on the overall mean estimated from the 
quarterly equivalent data alone should be to shift this 
estimate downwards. It is plain that this apparent bias in
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Table 2
Comparison of

Values of total deliveries
leans and variances by strata and quarters in 1969̂ 1̂

Stratum 1 Stratum 2 Stratum 3 Combined Sample

Quarterly Quarterly Population Quarterly Quarterly Population Quarterly Quarterly Population Quarterly Population
equivalent equivalent equivalent equivalent

Mechanical engineeririg
Second quarter

2274Sample size: 86 1204 1290 128 464 592 359 33 392 573
grouped

ungrouped
Mean:

74 1005 1079 120 425 545 352 33 385 546 2009

grouped 39-7 70-3 68-3 153-8 223-4 208-3 1366-4 328-0 1279-0 335-2 313-4
ungrouped 

Variance:
40-5 72-2 700 150-7 224-2 208-0 1329-1 403-0 1249-7 347-7 333-5

grouped 3-5 31-7 1-2 5-0 205-4 11-2
ungrouped 

Third quarter
Sample size:

3-6 39-8 1-1 5-2 196-0 30-1

grouped 79 1151 1230 131 439 570 360 36 396 570 2196
ungrouped

Mean:
67 967 1034 120 399 519 347 33 380 534 1933

grouped 47-8 69-4 68*0 154-2 214-0 200-2 1320-1 371-9 1233-9 340-2 312-6
ungrouped

Variance:
48-2 70-2 68-8 160-0 219-0 205-3 1295-9 531-4 1229-5 357-4 333-6

grouped 7-0 32-1 1-7 4-6 199-3 14-0
ungrouped 7-0 34-3 1-6 4-7 200-3 102-7

Fourth quarter
Sample size:

grouped 77 1121 1198 127 437 564 347 37 384 551 2146
ungrouped

Mean:
60 940 1000 115 396 511 333 34 367 508 1878

grouped 56-5 79-5 78-0 162-2 248-2 228-8 1432-7 408-6 1334-0 367-4 342-4
ungrouped

Variance:
49-3 81-5 79-6 158-7 250-2 229-6 1483-6 502-1 1392-6 407-7 377-0

grouped 11*9 39-7 10 6-2 228-9 12-1
ungrouped 10-5 57-7 0-7 6-1 333-2 27-8

Instrument and Electrical engineering
Second quarter i

Sample size: 44 364 408 59 238 297 273 84 357 376 1062
grouped

ungrouped
Mean:

38 342 380 59 237 296 266 87 353 363 1029

grouped 41-1 38-7 38-9 143-1 135-7 137-2 2150-1 522-0 1767-0 642-1 647-3
ungrouped 

Variance:
36-5 37-8 37-7 144-0 136-4 137-9 2133-7 488*1 1728-1 663-0 646-4

grouped 2-1 1-3 0-6 0-9 1823-0 36-0
ungrouped 0-9 1-3 0-6 1 0 1364-3 19-9

Third quarter
Sample size:

grouped 42 356 398 58 230 288 273 80 353 373 1039
ungrouped

Mean:
40 341 381 58 234 292 269 86 355 367 1028

grouped 41-8 38-4 38-7 146-1 132-6 135-3 2132-4 465-4 1754-6 653-2 648-5
ungrouped

Variance:
41-5 37-5 37-9 145-4 133-8 136-1 2139-9 472-0 1735-9 661-5 652-5

grouped 1-8 1-3 0-7 0-9 1788-5 12-6
ungrouped 1-9 1-4 0-7 0-9 1634-2 14-2

Fourth quarter
Sample size:

grouped 42 356 398 57 216 273 270 78 348 369 1019
ungrouped
Mean:

40 337 377 58 232 290 272 85 357 370 1024

grouped 40-4 42-8 42-6 167-2 155-5 1580 2385-3 602-8 1985-7 726-8 737-1
ungrouped

Variance:
40-0 41-2 41-1 164-4 153-6 155-8 2405-1 581-6 1970-9 746-2 746-4

grouped 1-5 1-7 l-I 1-5 2036-9 41-8
ungrouped 1-4 1-6 I-O 1-5 1833 1 22-6

(1) The values quoted for variances are 10"® x the correct values in stratum 1 and 10"̂ ® x the correct values in strata 2 and 3. All monetary 
values for means are given in £’000. The weighted arithmetic means are obtained by weighting the totals in tach stratum in the ratio 10:5:1,

11
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Sampling fractions for the last three quarters of 1969
Table 3

Nominal

Stratum

g fraction 
r cent)

1 2 3

Q, Q. Q. Q, Q, Q. Q. Q, Q.

10
________________ A ______________________ _______

20
A

100
A

1

/ --------------- ^ /
1 1

----------------------------- s / >
1 1

Mechanical engineering
grouped 6-7 6-4 6-4 21-6 23-0 22-5 91-6 90-9 90-4

ungrouped 6-9 6-5 6-0 22-0 23-1 22-5 91*4 91-3 90-7

In
1

stniment and Electriical engine‘ering
grouped 10-8 10-6 10-6 19-9 20-1 20-9 76-5 77-3 77*6

ungrouped 10-0 10*5 10-6 19-9 19-9 20-0 75*4 75-8 76-2

Contributions to means by strata(1)

Table 4

Stratum 1

Combined mean (£’000)

Quarter

Stratum 1

Combined mean £(’000)

Second
1969

j Third
1969

Fourth
1969

First
1970

Second
1970

Q E (“) Pop(®) Q E (“) Pop(=*) QE(®> Pop(*) QE(*) Pop(^) QE(*) Pop(9)

M e d u ^ ic a l e n g in em n g

(Percei i ta g e s )

5*1 11-3 5 - 6 1 1 0 4 - 8
1

11-2 7 -5 12-2 6 - 7 I2 -I

15-4 16-9 1 6 -6 16-5 14-8 16-6 15-9 16-4 15-3 16-2

7 9 -5 7 1 -8
1

7 7 -8 7 2 - 4 80-3 7 2 -2 7 6 -6 71-3 7 8 -0 7 1 -7

3 4 7 -7 3 3 3 -5 3 5 7 -4 3 3 3 -6 4 0 7 -7 3 7 7 -0 393-3 3 6 9 -6 4 0 3 -5 397-5

1

Instniirlent and EIcmetrical engiineering
1

(PercerI ta g e s )

2 - 2 2 - 2  ' 2 - 6 2 - 2 2 - 2 2 0 2 0 2 - 2 2 - 2 2 -2

6 - 8 6 1 6 - 6 5 - 9 6 - 6 5 -9 i 5 - 9 5 - 7 6 - 2 5 -9

9 1 0 9 1 -7 9 0 -7 9 1 - 9  : 91-1 92-1 92-1 92-1 9 1 -6 9 1 -9

6 6 3 -0 6 4 6 -4 6 6 1 -5
1

6 5 2 -2 7 4 6 -2 7 4 6 -4
1

754-8 765-5 7 4 7 -4 7 7 5 -2

(1) The contributions are based on weights for each stratum in the ratio 10:5:1.
(2) Quarterly equivalent sample.
(3) Combined quarterly equivalent and quarterly sample.
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the strata means was not sufficient to counterbalance the 
effect of the differences between observed and nominal 
sampling fraction in stratum 1.

46 The quarterly sample had some members in the third 
stratum for both Orders. Those in the Instrument and 
Electrical engineering Orders can be partly explained by 
misclassification as mentioned above. These units are 
mostly concentrated in the lower ranges of the distributions 
for stratum 3 and make little contribution to the difference 
between the quarterly equivalent estimate and the overall 
mean estimated from all available data in the Mechanical 
engineering Order. The quarterly sample in stratum 3 has 
a much greater effect in the Instrument and Electrical 
engineering Order but by a happy accident the large bias 
in the sample mean almost exactly compensates for the 
large difference between the nominal and observed sampling 
fractions in this stratum. This compensation is obvious 
from Table 4.

47 Although the grouped and ungrouped samples are 
not strictly comparable it will be noted that the orders 
of magnitude of the means and variances are roughly the 
same in all instances save one. This is particularly true 
for the quarterly equivalent sample and gives some assur
ance that the magnitudes of the values given in Table 1 
are trustworthy.

48 The lesson that can be drawn from this exercise is that 
when information is obtained monthly from a voluntary 
sample which has not been selected by random sampling 
then a continuing check should be made on the represen
tativeness of the sample for the purpose in hand using any 
relevant information on the population that can be obtained. 
In this instance almost complete information on the pop
ulation can be obtained on a quarterly basis and this could 
be used to determine the major kinds on non-representative
ness and their effects on the estimator of the parameter of 
interest. This kind of comparison may suggest an alternative 
procedure for treating the monthly samples, for example 
by a new system of weighting or by seeking a more 
representative sample.

Preliminary sample data
49 The discussion above relates to all the sample informa
tion on file at the time of this study which is very close to 
all the sample information that will ever be available. In 
practice, calculated index numbers and estimates of total 
delivenes have to be available long before the totality of 
sample information is on file. The most important single 
reason for the delay in completing the data file for any one 
month or quarter is the late submission of a completed 
schedule by particular responding units. Two points in 
time are important in the history of any published monthly 
figure; the date of the preliminary estimate and that of 
the final adjustment. The timing of these dates is described 
in Part I.

50 No note had been kept within the DTI of the date on 
which preliminary or final calculations of index numbers

were made so in this study the terms ‘first link sample’ 
and ‘last link sample’ refer to all sample information 
on file at the end of 8 weeks and 12 weeks respectively 
from the quarter in question. A record was made of the date 
on which information was placed on file which made the 
identification of first and last link sample members relatively 
easy.

51 The quarterly and quarterly equivalent sample sizes 
at first and last link are given for each stratum in the last 
three quarters of 1969 in Table 5(A). It can be seen that 
between sixty and eighty five per cent of the total quarterly 
equivalent sample are included in the last link sample for 
Mechanical engineering and between fifty and eighty five 
per cent for Instrument and Electrical engineering. The 
corresponding ranges of percentages in the first link sample 
are between forty and sixty seven and between thirty and 
sixty seven respectively. The percentage of the total sample 
included at first link or last link stage is no guide to the 
adequacy of these latter samples. Much depends on the 
degree of representativeness of the earlier samples. 
Tables 5(B) and 5(C) compare the means and variances of 
the three types of sample within each stratum. It can be 
seen that in most instances there are smaller differences in 
the values of the means for the three samples in strata 1 
and 2 for Mechanical engineering than in stratum 3. The 
comparison is somewhat less clear cut for Instrument and 
Electrical engineering. The differences between sample 
means change notably from one quarter to another. Thus 
the differences are greater both absolutely and proportion
ately for stratum 3 in the second quarter of 1969 than in 
either of the following two quarters. It is not possible to 
tell from the limited information available whether these 
differences are wholly the result of sampling fluctuations 
or partly attributable to a bias in the first or last link sample 
in the second quarter. It is noticeable, however, that the 
quarterly equivalent sample mean within each stratum over 
the three quarters is less in the first link sample than in 
the total sample in thirteen instances, about equal in three 
and greater in two instances. Similar differences may be 
seen when comparing last link and total sample means. 
This corresponds to the pattern found in similar compari
sons for monthly samples as shown in Table 6. There is a 
suggestion here that there may be a consistent downward 
deviation in the monthly first link sample means.

52 A comparison of the sample variances in Table 5(C) 
indicates that in most instances, and particularly in stratum 
3, the total sample was more variable than the first link 
sample or the last link sample. This is a reflection of the 
tendency for firms with large reported quarterly values of 
deliveries to make a return at a later date than those 
with small reported quarterly values, A detailed comparison 
of the sample distributions at the three stages confirms 
this tendency. The apparent biasin the first link sample mean 
mentioned above can also be attributed in part to this 
phenomenon. Similar characteristics are found when com
paring the three samples within each month, with the major 
difference that the changes from first link sample to total 
sample can on occasions be much greater than for the 
quarterly equivalent samples.
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Preliminary data: quarterly sample sizes
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Tabic 5(A)

Stratum 1 Stratum 2 Stratum 3

QE(0 Q(2) QE(‘) Q(*) QE(‘) Q(“)

Mechanical engineering
1

Second quarter 1969

First link sample 46 399 70 106 152 4

Last link sample 64 871 105 315 219 12

Total sample 86 1204 128 464 359 33

Third quarter 1969

First link sample 48 620 81 182 175 11

Last link sample 63 725 105 250 228 21

Total sample 79 1151 131 439 360 36

Fourth quarter 1969

First link sample 54 535 SI 163 199 17

Last link sample 63 694 99 249 250 24

Total sample 77 1121 127 437 347 37

Instrument and 
Electrical engineering

Second quarter 1969

First link sample 18 128 22 60 89 15

Last link sample 26 254 32 141 147 45

Total sample 44 364 59 238 273 84

Third quarter 1969

First link sample 24 162 28 86 129 27

Last link sample 34 205 46 123 179 40

Total sample 42 356 58 230 273 80

Fourth quarter 1969

First link sample 28 169 25 82 129 20

Last link sample 35 206 35 106 162 35

Total sample 42 356 57 216 270 78

(1) Quarterly equivalent sample.
(2) Quarterly sample.

53 The effect o f the differences in the three samples on 
the estimates o f overall mean and of index numbers is 
illustrated in Tables 7 and 8. Table 7 presents the overall 
means calculated from all available information in quarterly 
and quarterly equivalent samples together with the estimated 
means obtained from quarterly equivalent data alone using 
the estimating procedure that would be appropriate if each 
stratum sample were representative o f its respective pop
ulation and if  the correct sampling fractions were propor
tional to 1/10, 1/5 and 1. As can be seen from previous
14

discussion a number of the assumptions underlying this 
estimator are not valid. Comparison with the overall means 
suggests that the combined effect o f erroneous assumptions 
on the estimators at first and last link sample stage is to 
bias the estimates o f overall mean downward, in some 
instances by substantial amounts. The estimator used in 
calculating the entries of Table 7 is of some interest because 
in some ways it parallels the method of estimation of the 
numerator of the link Z./,used in the calculation of the 
indexes of production for the Engineering Orders obtained
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Preliminary data: quarterly grouped means
Table 5(B) £ thousand

Mechanical engineering

Second quarter 1969

First link sample

Last link sample

Total sample

Third quarter 1969

First link sample

Last link sample

Total sample

Fourth quarter 1969

First link sample

Last link sample

Total sample

Instrument and 
Electrical engineering

Second quarter 1969

First link sample

Last link sample

Total sample

Third quarter 1969

First link sample

Last link sample

Total sample

Fourth quarter 1969

First link sample

Last link sample

Total sample

Stratum 1 Stratum 2 Stratum 3

QE(0 QC!) QE(i) Qt’") QE(0 Q(2)

39-5 59*3 153-1 191-2 1049-2 116-2

36*1 62-6 149-4 199-5 1155*1 285-6

39-7 70-3 153-8 223-4 1366-4 328-0

46-9 65-9 138-0 209-8 1207*1 347-7

44-5 69-2 138-8 202-8 1276*6 367*1

47-8 69-4 154-2 214-0 1320-1 371-9

37-6 71-4 156-0 186-4 1342-2 385-1

38-1 76*6 153-3 220-3 1360*6 398-1

56-5 79-5 162-2 248-2 1432-7 408-6

31*7 37-7 126-1 116-4 1727-5 480*0

39-2 36-9 132-7
1

136-8 1916-2 468-0

4M 38-7 143-1 135-7 2150-1 522-0

45-9 37-3 137-4 121-7 1972-3 460*6

42-8 37-5 145-4 126-6 2030•6 500-0

41-8 38-4 146-1 132-6 2132-4 465-4

34-6 37-8 147-0 145-8 2469 * 1 504*0

37-3 40-2 163-3 146-5 2299•1 634-9

40-4 42-8 167-2 155-5 2385-2 602*8

(1) Quarterly equivalent sample.
(2) Quarterly sample.

from these data although it does not use matched sample 
information. The last link sample estimate for the fourth 
quarter in Instrument and Electrical engineering differs 
noticeably more from the overall mean than the corres
ponding first link sample estimates. The reason for this 
is not simple. The weights for strata I, 2 and 3 in the last 
link sample should be in the ratio 5 - 7:4:1 instead of 10:5:1. 
The over-weighting of the first two strata together with the 
lower mean in the third stratum combine to reduce the 
overall mean estimate at last link below that at first link.

54 The differences in the estimated means presented in 
Table 7 need not be of any great concern by themselves. 
It is more important to determine the likely effect of such 
differences on the estimation of index numbers. As explained 
at the beginning of this section this could not be done using 
the index number described in Part I so attention was 
restricted to a comparison of estimates of percentage change 
over the last three quarters of 1969 using the means of 
Table 7. These indexes are given in Table 8. For each row 
of Table 8 comparison has been made with the corresponding
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Preliminary data: quarterly grouped variances
Table 5(C) £ squared

Stratiim 1 Stratiim 2 Stratum 3

QE(0 Q(>) QE(‘) Q{*> QE{‘) Q(*)

10* X 10"' X 10“  X

Mechanical engineering

Second quarter 1969

First link sample 0-7 6-5 0-8 3-3 123-0 0-5

Last link sample 0-6 7-3 0-7 3-5 141-8 9-1

Total sample 3-5 31-7 1-2 5-0 205-4 11-2

Third quarter 1969

First link sample 9-1 50-2 1 0 4-8 158-7 17-9

Last link sample 7-0 45-4 0*8 4-3 191-1 18-1

Total sample 7 0 32-1 1-7 4-6 199-3 14-0

Fourth quarter 1969

First link sample 0-7 62*0 0-7 3*8 1980 16-5

Last link sample 0-7 54-9 0-6 4-9 207-9 15-5

Total sample 11'9 39-7 1-0
.

6-2 228-9 12-1

Instrument and 
Electrical engineering

Second quarter 1969

First link sample 0*4 1-7 0-3 0-6 1327-0 8-2

Last link sample 2-5 1-4 0-4 1-1 1548-6 6-3

Total sample 2-1 1-3 0-6 0-9 1823-0 36-0

Third quarter 1969

First link sample 2-5 1*4 0-7 0-6 1565-3 6-2

Last link sample 2*2 1-3 0-7 0-6 1669-7 16-9

Total sample 1-8 1-3 0-7 0-9 1788-5 12-6

Fourth quarter 1969

First link sample 0-7 1-2 0-5 2-1 2066 - 5 5-2

Last link sample 0-8 1-4 M 1-7 1909-8 67-3

Total sample 1-5 1*7 11 1-5 2036-9 41-8

(1) Quarterly equivalent sample.
(2) Quarterly sample.

entry for second quarter 1969. The differences in population 
size between quarters are unlikely to be sufficient to make 
a ratio of population means in different quarters of the same 
year noticeably different from the corresponding ratio of 
population totals. The values of the indexes obtained in 
this manner for the total quarterly equivalent samples 
agree by and large with those based on the overall means 
which are used as a datum. Those obtained from first and
16

last link samples are noticeably less reliable. There are 
other ways in which the strata means could be combined to 
give indexes but the procedure underlying the values in 
Table 8 is closest to the formula actually used, ft may be 
argued that a ratio of first link sample estimators is not 
satisfactory. When sufficient data are available it may 
seem preferable to use the overall mean value (or at least 
the total quarterly equivalent sample estimator) for the
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Ratio o f monthly means '̂  ̂ for first link and total samples
Table 6

Ratio
■first link mean''

Mechanical engineering Instrument and Electrical 
engineering

‘total’ mean Stratum
Total

Stratum
Total

I 2 3 I 2 3

< 1 4 4 8 16 4 6 6 16

-  1 3 0 0 3 3 1 0 4

> I 1 4 0 5 I 1 2 4

(1) Means of samples for the months of April to July 1969 inclusive and September to December 1969 inclusive,

Estimates o f population mean '̂̂  from preliminary data
T a b l e  7 £ thousand

1969

Second quarter Third quarter Fourth quarter

Mechanical engineering

Overall mean(^) 313-4 312-6 342-4

Quarterly equivalent estimates: (®)

Total sample 335-2 340-2 367-4

Last link sample 256-1 283-4 320-0

First link sample 240-4 273-2 306-5

Instrument and Electrical engineering

Overall meant*) 647-3 648-5 737-1

Quarterly equivalent estimates: (*)

Total sample 642-1 653-2 726-8

Last link sample 552-3 549-4 602-7

First link sample 457-3 559-3 649-0

(1) Estimates obtained from the grouped means in each stratum.
(2) Estimates obtained from the combined quarterly and quarterly equivalent sample data.
(3) The strata grouped totals are combined using weights in the proportion 10:5:1 for first, second and third stratum respectively.

base period as a comparison. The effect here would be 
to accentuate the apparent downward deviations in the 
estimated means from the earlier samples. For example, 
if the overall mean in the second quarter of £647 • 3 thousand 
is used as base value, the indexes obtained for the Instru
ment and Electrical engineering Orders in third quarter 
of 1969 would be 84.9 using last link data and 86 -4 using 
first link data compared with 99-5 and 122-3 respectively 
reported in Table 8.

55 The results presented in Tables 7 and 8 are based on 
grouped mean estimates and are not necessarily identical

with those that would have been obtained from ungrouped 
data. The only ungrouped tabulations available refer to 
the total sample alone but these were given in such a form 
that the indexes could be calculated using matched samples 
in consecutive quarters as well as the total samples in each 
quarter. The values of the indexes so obtained are given in 
Table 9. Because matching was only done for consecutive 
quarters the indexes are based on the previous quarter 
as 100. This table confirms that the total quarterly equivalent 
sample estimates appear to agree reasonably well with the 
datum index. There is a tendency for the index based on 
matched samples to be lower than the datum. The con-
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Percentage change in estimated population means(>)

Table 8

1969

Second quarter Third quarter Fourth quarter

Mechanical engineering

Datum index (ungrouped) 100 1000 113-0
(grouped) 100 99-7 109-2

Quarterly equivalent estimates:

Total sample 100 101-5 109-6
Last link sample 100 110-7 125-0
First link sample 100 113-6 127-5

Instrument and Electrical engineering

Datum index (ungrouped) 100 100-9 115-5
(grouped) 100 100-2 113-9

Quarterly equivalent estimates:

Total sample 100 101-7 113-2

Last link sample 100 99-5 109-1

First link sample 100 122-3 141-9

(!) Calculated from the values presented in Table 7.

Percentage changes between consecutive quarters in estimated population means(i>

Table 9

Quarterly equivalent 
estimates

Total*
population

Matched
samples(*)

Total
samples

Matched
samples(*>

Datum
index

Mechanical engineering

1969 Third quarter 98-1 102-8 97-9 100-0
Fourth quarter 113-5 114-1 114-0 113-0

1970 First quarter 98-7 96-5 97-3 98-0
Second quarter 102-7 102-6 105-2 107-5

Instrument and Electrical engineering

1969 Third quarter 100-7 99-8 100-2 100-9
Fourth quarter 112-3 112-8 113-3 114-4

1970 First quarter 96-7 101-1 97-5 102-6
Second quarter 99-3 99-0 99-4 101-3

(1) Calculated using ungrouped data.
(2) Only units making a return for two consecutive quarters are included in the two consecutive samples.

elusions that could be drawn from this study are affected 
somewhat by the ways in which the data files have been 
managed; in particular the allocation of quarterly sample 
units to strata. This means that comments on appropriate- 
18

ness of particular sampling fractions within strata and on 
the representativeness of quarterly equivalent samples 
within strata need to be treated with some caution. At the 
same time great care has been taken to ensure that the
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monthly sample members (and so the quarterly equivalent 
sample members) are correctly allocated to strata, so 
much o f the comments on Tables 7 and 8 will be reasonably 
valid. The most striking aspect of the information in these 
tables is the apparent unreliability o f estimates from first 
and last link samples. This suggests that if preliminary 
estimates are to be published using first link data they may 
need to be heavily qualified. Another suggestion is that 
for the purpose of compiling reliable historical series of 
monthly index numbers of change in industrial production 
the last amendment to the published figures should be made 
when data from approximately 95 per cent of the anticipated 
total sample is on file even though this be twelve or eighteen 
months after the date to which the index refers. Some 
separate procedure for publishing historical series may be 
needed to allow this to be done without upsetting the 
organization of existing publications.

B: Nature and suitability of existing estimator
56 The ratio estimator, inherent in the use of link relatives 
in the calculations described in Part 1, attempts to achieve 
a higher degree of precision of estimate than could be ob
tained by simply grossing up from sample returns in order 
to obtain an estimate of current deliveries. This greater 
precision can be obtained if a high level of correlation is 
found between deliveries by firms in successive months. 
Tn a particular sense, to be defined below, this procedure 
may be said to be optimal if certain criteria are satisfied. 
This section describes these criteria and some results of an 
investigation of the extent to which they were met during 
the period covered by this study.

The ratio estimator
57 In the most general sense, the ratio method of estimat
ing the population total Y  of some variable y  requires 
measurement for each unit in the sample of an auxiliary 
variable x  which is correlated with y, together with a known 
value of the population total X  of the x. In this exercise 
X is the value of y  at some previous point in time. The 
ratio estimator of T is Y =  {y!x)X where y  and x  are the 
sample arithmetic mean values of y  and x  respectively. 
Estimates of the sampling variance of the estimator may be 
obtained from the sample data using standard formulae 
although the non-random nature of the sample selection 
makes it difficult to attach great importance to these as a 
measure of reliability except perhaps in a relative sense. 
Some possible interpretations of changes in calculated 
values of ‘sampling variances’ are discussed in Part VI 
on monitoring.

58 The link relative procedure described in Part I is a 
special case of the ratio method of estimation. The value 
of X  in this instance is the total value of deliveries in the 
population for the previous period. In practice the value 
of X  was not known precisely at the first or last link stage 
(particularly for monthly indexes) so any error in the 
estimated value of X  used contributes to the total error of 
estimate of the index. This feature of the index actually 
calculated was ignored in the study save in a restricted wao' 
in the simulation.

-

59 With simple random sampling from an infinite popula
tion, the ratio estimator is the ‘best linear unbiased estimator’ 
if two conditions are satisfied: (i) the population mean of y  
for a given value of x  is proportional to x  (i.e. is equal to 
px for some constant value p) and (ii) the population 
variance o f y  for a given value of x is also proportional to x. 
The sampling procedure adopted in the KS/Eng. enquiry 
was not random and the population sampled was finite 
but it appears reasonable to regard the ratio procedure 
as preferable to  some alternatives in this situation if 
assumptions (i) and (ii) are satisfied.

Alternative estimators
60 One alternative estimator of the population total value 
T which may be considered is that obtained by grossing up 
the sample total value. This simple estimator may be written 
as Ys =  Ny with N  the total number of members o f the 
population and y  the sample mean as described above. With 
simple random sampling a ratio estimator usjng auxiliary 
variable x will have a smaller variance than Ys if

P > i
(Coefficient o f variation o f  x)
(Coefficient o f variation o f y)

where p is the population correlation coefficient between 
y  and x. Since x in the context of this study is the value of 
the variable y in a recent previous period the coefficients of 
variation of the two variables are unlikely to differ markedly 
in most instances. The estimated values o f p for consecutive 
months were seldom below 0-9 over the period covered 
by tliis study. Although the sampling procedure used in 
the KS/Eng. enquiry is non-random it does not appear 
unreasonable to  assume for these data that the ratio 
estimator will rarely be less precise than Ys.

61 Another alternative is the regression estimator which 
also makes use of an auxiliary variable x known to be cor
related with y. This estimator will be appropriate if the 
population mean of y  for a given value o f x  is a linear 
function of x  (i.e. is equal to a -|- ^x  with constant values 
of a and p  and with a not necessarily zero). W ith simple 
random sampling from an infinite population the regression 
estimator will be the best linear unbiased estimator if, 
in addition to the linear relationship mentioned, the vari
ance of y  has the same value for all values of x. This 
property o f constant variances was used as a guide to the 
relative merits of the ratio and regression estimators in 
this study.

62 A  further possibility which was considered is the 
estimator based on the sample mean of the ratios of 
individual measurements on x and y. This estimator is 
optimal with simple random sampling from an infinite 
population when condition (i) described above for the 
estimator f  is satisfied and the population variance of 
y  for a given x is proportional to the square o f x (i.e. is equal 
to kx"̂  for some constant value k). These conditions imply 
that the coefficient of variation of y  is constant for different 
values of x.

The data and the computations
63 The data used in the calculations described below were
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the total deliveries recorded by each member of the total 
sample of respondents in each of twenty size groups for 
each month from February to December 1969 inclusive.

64 The group endings of these twenty size groups are as 
follows.

■

i

IV*:'

Size group

Monthly deliveries 
(£’000)

Lower limit Less than

1 10
2 10 15
3 15 20
4 20 30
5 30 40

6 40 50
7 50 60
8 60 80
9 80 100

10 100 130

11 130 160
12 160 200
13 200 250
14 250 300
15 300 350

16 350 450
17 450 600
18 600 750
19 750 1000
20 1000

Only respondents who had replied both in the month in 
question and in the preceding month were included in 
each calculation. The number of respondents in the group, 
the sum of total deliveries in both the current and previous 
month and the sums of squares and cross products of 
deliveries in the two months were used for each group and 
for each Order. The grouping was arranged according 
to the level of total deliveries in the earlier month of each 
pair. No account was taken of the fact that the data were 
structured as a stratified sample but it is believed that this 
failing will not affect the conclusions reached.

65 For each pair of months two regressions were calculated; 
a two parameter linear regression of total deliveries in each 
month on total deliveries in the previous month and a 
linear regression using the same variables but constrained 
to pass through the origin. These correspond to the optimal
ity conditions on the population means of y  for the regression 
and ratio estimators respectively. The results of these 
calculations are presented in Table 10. The ratios of the 
unweighted sums of total deliveries are also included in this 
table for the purpose of comparison. In most cases the 
regression through the origin appears to be satisfactory.
20

Two notable exceptions are in the Mechanical engineering 
Order; the regression of September upon August and 
more particularly that of December upon November show 
evidence of non-zero intercepts. In six cases the two regres
sion lines are sufficiently close for the estimate of residual 
variance in the single parameter model to be lower than 
that in the two parameter version. This apparent anomaly 
is the result of the additional degree of freedom available 
in the single parameter case.

66 From the grouped data used in the calculations of these 
regression lines, empirical regression lines have been 
calculated. A selection of these empirical relationships 
has been plotted in Figure 1 with the corresponding fitted 
regression lines given in Table 10 superimposed. With two 
exceptions the relationship between total deliveries in 
consecutive months may be described very adequately by a 
straight line. Figures 1(A) and 1(B) are typical of most 
months for both Orders. The relationships in the Mechanical 
engineering Order for September/August and December/ 
November show very distinct departures from linearity 
and it may be assumed that for these two months neither 
a ratio type estimator nor a regression estimator would 
have been very satisfactory. While alternatives in these 
two instances cannot readily be suggested the comments 
on monitoring in Part VI include suggestions designed to 
identify occasions when the basic assumptions underlying 
the estimating procedure used appear to have broken down. 
In similar situations indexes obtained using such procedures 
should be treated with greater caution than might otherwise 
be the case.

67 These results indicate that it is not unreasonable in 
most, but not in all, periods to assume that the relationship 
between current total deliveries and total deliveries one 
month earlier may be represented by a straight line through 
the origin.

68 In Table 11 are presented for each of 11 months the 
variances of total deliveries for each of the twenty groups 
described above. It is obvious that the optimal regression 
condition of constant variance is not satisfied for these 
months.

69 The ratios of the variances in Table II to the corres
ponding mean values are presented in Table 12. While 
considerable differences between groups remain there is 
less evidence of a consistent increase in value with increasing 
mean than is found in Table 11. To this extent it can be 
argued that a ratio estimator is preferable to one based on 
regression procedures.

70 The ratios of variances to the squares of the correspond
ing means (the squares of the coefficients of variation) were 
also calculated and are given in Table 13. These values 
are no less variable than those in the previous table but 
show some signs of decreasing with the larger size groups 
as would be expected if the ratio of variance to mean were 
approximately constant for all size groups. However, the 
differences in variability between these two tabulations are 
not sufficiently clearcut to provide a guide to the relative 
suitability of alternative ratio estimators.
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Regressions and ratios
(Unweighted total deliveries, month ‘T ’ upon month ‘T -1 ’)

T a b le  10

Regression Regression with zero intercept

T T-1

Intercept
(£’000)

Slope Residual variance 
(£ squared)

10^“ X

R* Slope Residual variance 
(£ squared)

101° X

Mechaitiical engineer!ng

Feb. vs. Jan. 17-66 0-936 2-660 0-846 0-955 2-678

March vs. Feb. 26-86 1-050 2-113 0-900 1-080 2-161

April vs. March 34-96 0-761 2-961 0-807 0-796 3-041

May vs. April 10-58 1-057 2-483 0-874 1-069 2-487

June vs. May 25-98 0-938 2-179 0-889 0-965 2-222

July vs. June 15-41 0-878 3-213 0-822 0-895 3-224

Aug. vs. July 12-65 0-861 3-685 0-785 0-875 3-690

Sept. vs. Aug. 70-03 0-932 5-659 0-722 1-007 6-008

Oct. vs. Sept. 46 00 0-869 6-282 0-714 0-915 6-417

Nov. vs. Oct. 3-66 0-980 11-337 0-645 0-983 11-318

Dec. vs. Nov. 104-89 0-784 26-960 0-412 0-864 27-764

Instrument and ElectTical engineering

Feb. vs. Jan. -10-54 0-972 3-719 0-957 0-967 3-718

March vs. Feb. 6-03 1-163 8-132 0-935 1-165 8-114

April vs. March 17-13 0-855 12-161 0-884 0-861 12-152

May vs. April - 0 1 7 1-063 7-374 0-941 1-063 7-355

June vs. May 31-61 0-970 5-680 0-954 0-981 5-747

July vs. June -39-71 1-046 12-584 0-914 1-031 12-680

Aug. vs. July 30-34 0-823 8-833 0-919 0-832 8-888

Sept. vs. Aug. 48-34 1-173 28-268 0-842 1-191 28-389

Oct. vs. Sept. 63-48 0-929 20-316 0-885 0-946 20-599

Nov. vs. Oct. 120-75 0-749 53-949 0-647 0-784 55-006

Dec. vs. Nov. 3-53 1-017 11-314 0-933 1-018 11-285

Ratio of 
unweighted 

totals

1-003

M 53

0-876

1-097

1-027

0-930

0-907

1-213

1-020
0-991

1-135

0-950

1-175

0-886

1-063

1-031

0-971

0-880

1-278

1-035

0-945

1-023

71 The results of these calculations and their relation to 
the discussion of alternative estimators may be summarized 
briefly. Any biases introduced by the non-random nature 
of the sampling process are ignored throughout these 
calculations but are of importance only if they have a 
different effect on different estimators. The high level of 
correlation between total deliveries in consecutive months 
makes it clear that the use of recorded total deliveries in 
the earlier period as an auxiliary variable may be expected 
to lead to an improvement in precision in most months. 
The relationship between the total deliveries of reporting 
units in consecutive months appears to be adequately 
described in most instances by a straight line regression with 
a zero intercept (i.e, a =  0 in terms of the symbols intro

duced earlier). The marked differences in variances between 
size groups observed in Table 11 suggest that the most 
commonly used regression estimators of regression co
efficients are unsatisfactory. While the assumption of 
variances being proportional to mean values is not fully 
satisfied it does appear more realistic than constant co
efficients of variation and certainly preferable to the 
assumption of a constant variance. On this evidence a ratio 
estimator may appear to be more appropriate.

C: Comparison of estimators: total sample
Introduction
72 When samples have been selected by random sampling 
the reliability of estimators can be expressed in terms of
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Variancê *̂  of total deliveries in each of twenty size groups: February to December 1969
(Respondents are classified into 20 groups on the basis of size of response in the preceding month)

Table 11 £ squared

Mechanical engineering
Size

group(^) February March April May June July August September October November December

1 0 1 7 0*07 0*02 0*21 0*88 0*03 0*004 6*15 0*39 0*01 1-12
2 0 0 9 0*004 0*04 0*01 0*02 0*007 0*12 0*03 0*09 0*006 0*003
3 0-23 0*009 0*02 0*11 0*01 0*005 47*55 0*007 0*006 0*23 0-29
4 0 007 0*83 0*04 0*09 0*01 0*90 0*04 0*04 1*13 0*04 0*11
5 0-27 0*02 0*04 0*29 0*10 0*16 0*09 0*27 0*07 0*26 0*05
6 0 0 2 0*06 0*10 0*23 0*15 0*32 0*05 0*12 0*07 0*06 0*17
7 0-37 0*21 0*06 0*23 0*26 0*06 0*25 0*19 0*53 0*03 0*20
8 0 1 9 0*47 0*14 0*67 0*34 0*05 0*39 0*38 0*13 0*24 5*39
9 1*24 0*30 0*24 0*11 0*66 1*95 0*17 0*40 0*44 0*42 2*31

10 0 1 7 0*33 0*19 0*48 0*12 1*07 0*81 0*91 0*21 0*39 1*06
11 114 3*48 0*30 0*72 0*70 0*31 0*47 1*22 1*86 0*31 13*97
12 1-97 6*32 0*42 0*47 0*88 0*72 0*36 3*13 8*49 0*45 2*73
13 0-70 1*58 2*41 1*56 0*83 0*49 1*71 1*66 13*21 0*59 1*60
14 2-50 1*26 1*41 0*71 1*98 0*67 1*35 2*87 2*31 0*50 0*94
15 0-45 1*72 3*16 3*85 1*64 1*29 1*29 1*55 2*61 2*66 1*87
16 7-84 1*21 4*47 5*22 1*61 2*94 2*98 8*77 5*21 0*96 1*34
17 1-72 4*58 3*41 5*52 1*64 3*25 5*28 2*88 16*51 1*29 4*79
18 3-85 3*33 5*95 6*96 2*33 13*47 4*76 11*60 5*72 4*56 3*46
19 6-91 5*47 6*55 12*74 3*32 6*56 8*71 9*26 6*30 8*82 9*23
20 59*45 56*97 38*79 49*52 45*92 63*30 64*88 58*22 58*46 164*3 300*0

Instrument and Electrical engineering

1 0 001 0*33 3*34 0*0007 0*54 0*74 0*002 0*69 0*09 0*19 0*07
2 0*02 0 008 0*005 0*001 0*02 0 0 9 0*0009 12*70 0*007 0*01 0*006
3 0*0007 0*002 0*001 0*007 0*001 0 004 0*0002 0*001 0*0008 0*001 0*001
4 0*03 0*38 0*01 0*007 0*008 0*01 0*03 0*13 0*007 0*02 0 006
5 0*006 0*03 0*27 0*009 0*006 0*005 0*01 0*04 0*01 0*01 0*004
6 001 0*18 1*35 0*15 0*02 0*07 0*12 0*14 0*14 0*04 0*07
7 0*29 0*07 0*02 0*06 0*04 0*02 0*01 0*05 0*09 0*06 0*03
8 0*11 0*05 0*04 0*08 0*17 0*15 0*11 0*90 0*11 0*01 0*08
9 0*05 0*06 0*10 0*16 0*05 0*64 0*15 2*82 0*09 0*23 0*16

10 0*08 0*11 0*16 1*32 0*16 0*59 0*22 0*24 0*13 3*60 0*74
11 0*08 0*23 0*11 0*20 0*10 0*39 1*29 0*35 0*23 0*16 1*07
12 0*71 2*89 0*38 0*57 2*51 0*14 0*49 0*68 0*37 0*53 1*92
13 018 2*43 0*19 1*31 0*39 0*39 0*87 1*66 0*24 0*67 6*27
14 0*27 0*77 0*21 2*63 0*68 0*65 0*66 M l 0*87 0*62 0*67
15 0*81 0*73 1*04 1*29 2*48 0*92 1*68 2*38 1*18 0*31 0*77
16 1*29 1*53 3*02 1*61 2*26 1*58 1*22 4*95 2*52 4*52 0*91
17 0*87 5*00 1*65 2*24 1*31 0*98 7*92 3*22 3*01 0*62 1*67
18 3*42 2*95 7*76 4*27 7*02 5*89 10*62 15*42 2*75 1*20 2*98
19 5*30 3*16 7*58 2*90 4*53 3*91 10*33 15*55 2*33 4*16 4*33
20 277*2 419*7 361*3 466*6 406*3 637*1 461*1 772*2 595*9 514*3 600*7

(1) All values are scaled by a common factor 10"̂ ®.
(2) Defined in paragraph W.

bias, sampling variability, mean square error and similar 
measures. The interpretation of these measures of reliability 
in such circumstances is straightforward although for 
particular random sampling schemes the technical problem 
of calculating suitable numerical values for such measures 
may be formidable. The sample units in the KS/Eng. 
enquiry were all self-selected with some attempt on the 
part of the DTI staff to persuade certain types of unit to 
cooperate in order to make each stratum sample reasonably 
representative. Not all members of the total sample made 
a return for each month although the response rate was 
encouragingly high. The non-random selection of the sample

is not necessarily a disadvantage as is indicated in Part I. 
What is important is the degree of representativeness of 
the sample with respect to certain characteristics of interest 
in the population and the interaction of this degree of sample 
representativeness with the estimator used to obtain the 
index required. The discussion in section A suggests that 
not all strata samples were representative and that a 
satisfactory measure of reliability may need to be rather 
complicated. The time available did not permit very com
plicated analyses even had a satisfactory and easily under
stood measure been devised. Instead the data were treated 
as if obtained by simple random selection with replacement
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Ratio of variance to mean for total deliveries in each of twenty size groups: February to December 1969
(R esp on d en ts are c lassified  in to  2 0  groups on  th e  b a sis  o f  s iz e  o f  response in  the preceding m onth)

Table 12

[(I

Size
groupt*)

February March April May June July August September October November December

1 1-25 0-50 0-28
]

1-63
Mechanical

3-44
engineering^

0-40
2)

0 07 15-14 1-76 0-18 4-11
2 0-48 0 0 3 0-24 0 0 7 0 1 0 0-06 0-54 0-14 0-38 0-04 002
3 0-82 0 0 4 0 1 0 0-40 0 0 7 003 24-87 0-03 0-03 0-66 1-02
4 003 1-48 0-15 0-30 0-04 1-88 0-14 0-11 2-22 0-12 0-28
5 0-56 0 0 6 O i l 0-57 0-22 0-30 0-23 0-46 0-15 0-58 0-12
6 0 0 5 0 1 0 0-20 0-38 0-23 0-50 0-12 0-18 0-13 0-13 0-30
7 0-48 0-24 013 0-35 0-48 0-11 0-46 0-21 0-59 0-07 0-28
8 0-27 0-47 0-20 0-65 0-39 0-07 0-52 0-38 0-16 0-32 4-57
9 1-24 0-24 0-31 0 1 3 0-49 1-49 0-23 0-34 0-43 0-46 1-72

10 0-15 0-24 0-16 0-41 0 1 0 0-71 0-71 0-51 0-18 0-31 0-76
11 0-77 1-72 0-26 0-37 0-37 0-23 0-33 0-64 0-96 0-24 6-46
12 0-95 2-26 0-31 0-24 0-41 0-40 0-24 1-18 3-47 0-28 1-15
13 0-30 0-59 M l 0-64 0-38 0-23 0-78 0-54 4-28 0-26 5-54
14 0-87 0-41 0-51 0-26 0-64 0-29 0-54 0-80 0-79 0-19 0-32
15 0-14 0-43 0-96 1-05 0-50 0-45 0-44 0-46 0-81 0-95 0-53
16 1-90 0-30 116 108 0-47 0-82 0-84 1-45 1-37 0-25 0-33
17 0-33 0-71 0-70 0-91 0-30 0-69 1-12 0-58 2-90 0-26 0-74
18 0-60 0-46 0-99 1-05 0-35 2-11 0-91 1-46 0-82 0-67 0-50
19 0-80 0-50 0-92 1-37 0-36 0-85 114 0-84 0-78 1-24 1-13
20 4-10 3-20 2-97 3-12 2-95 4-63 4-68 3-49 4-14 9-44 15-69

Instrument and Electrical engineering(^)

I '..

0-36 20-42 63-14 0-19 20-28 33-83 0-49 32-45 8-50 14-14
1-30 0-61 0-36 0-07 0-79 4-03 0-08 100-2 0-41 0-85
0-04 0-08 0-08 0-36 0-06 0-25 0 0 2 0-06 0-04 0-07
1-09 7-96 0-56 0-28 0-27 0-42 1-19 3-09 0-27 0-63
0-20 0-74 5-08 0-24 0-16 0-12 0-32 0-84 0-29 0-34
0-30 3-12 19-47 2-57 0-34 1-25 2-44 2-36 2-13 0-79
3-38 0-92 0-42 0-88 0-82 0-37 0-29 0-66 1-63 0-91
1-47 0-74 0-50 0-94 2-12 1-70 1-61 7-41 1-31 0-16
0-53 0-54 1-18 1-55 0-57 5-64 1-66 18-15 0-91 2-61
0-74 0-88 1-54 7-50 1-44 4-33 1-86 1-60 0-99 25-78
0-56 1-40 0-77 1-30 0-67 2-65 8-08 1-94 1-26 1-19
3-37 11-02 2-20 3-03 10-87 0-81 2-98 2-86 1-55 2-30
0-83 8-68 0-87 5-14 1-60 1-82 4-17 5-67 1-06 2-89
1-09 2-65 0-90 7-64 2-41 2-25 3-16 3-09 3-10 2-43
2-18 2-19 3-41 3-95 7-15 3-04 6-37 5-42 4-05 1-04
3-46 3-37 8-14 3-77 5-70 4-37 3-17 8-59 6-24 10-19
1-80 7-78 3-49 4-51 2-42 1-95 16-15 5-37 6-01 1-29
5-94 4-05 13-20 6-07 9-79 10-23 19-05 16-86 4-10 1-80
6-48 3-19 12-52 3-03 5-27 5-16 13-15 14-88 2-66 4-80

117-9 137-2 153-9 163-4 i  141-2 228-2 174-5 220-8 194-5 171 -7

24-12

(1) Defined in paragraph 64.
(2) All ratios are scaled by a common factor 10-^
(3) All ratios are scaled by a common factor 10" .̂

from some population within strata I and 2 and by complete 
enumeration in stratum 3. On this basis, and on the as
sumption that the variances within strata of current values 
do not depend upon immediate past values (which the 
results of the previous section suggest is not valid), estimates 
of sampling variability and, for the ratio estimators only, 
estimation bias were calculated for each of the estimators 
described below. In all the arithmetic discussed in the 
remainder of this section it is assumed that the sampling 
fractions in strata 1 and 2 are 1/10 and 1/5 respectively. 
All calculations have used ungrouped data although, as
24

matched samples have been used, the sample sizes will not 
be the same throughout.

73 The approach adopted here can be criticized on a 
number of grounds. The statistical interpretation of the 
various measures calculated is based on a concept of 
repeated random sampling. Although self-determined, the 
response of reporting units in each period could be so 
treated with a different response probability for each unit. 
These probabilities could be estimated from a long enough 
record and used in an estimator. This procedure is likely
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Ratio of the variance to the square of the mean for total deliveries in each of twenty size groups:
February to December 1969

(Respondents are classified into 20 groups on the basis of size of response in the preceding month)

Table 13

Size
group( )̂

February

0 1 2
1

March April May June August

Mechanical engineering

13-50
0-53
0-32
0-14
0-45
0-36
0-87
0-45
0-36
0-09
0-20
0-19
0-18
0-21
0-15
0-13
0-06
0-05
0-04
0-19

September

37-30
0-66
0-12
0-27
0-76
0-26
0-24
0-39
0-30
0-29
0-33
0-44
0-17
0-23
0-13
0-24
0-11
0-18
0-08
0-21

October November December

Instrument and Electrical engineering

1 1-01 12-73 11-95 0-50 7-58 15-52 1-06 15-16 8-43 1-07 7-51
2 0-71 0-47 0-29 0-05 0-40 1-88 0-07 7-91 0-23 0-51 0-29
3 0-03 0-04 0 0 4 0-20 0-03 0-16 0-01 0-03 0-02 0-04 0-04
4 0-44 1-65 0-21 0-11 0-10 0-16 0-42 0-72 0-10 0-22 0-12
5 0-07 0-16 0-95 0-07 0-04 0-03 0-09 0-18 0-07 0 1 0 0-04
6 0-07 0-54 2-81 0-44 0-07 0-22 0-52 0-41 0-33 0-17 0-28
7 0-39 0-12 0-07 0-14 0-15 0 0 8 0 0 6 0-09 0-30 0 1 3 0-43
8 0-20 0-10 0-07 0-11 0-26 0-20 0-23 0-61 0-16 0-02 0-13
9 0-06 0-05 0-14 0-15 0-06 0-50 0-19 1-17 0-09 0-30 0-17

10 0-07 0-07 0-14 0-42 0-13 0-32 0-16 0-11 0-08 1-84 0-36
11 0-04 0 0 9 0-06 0-09 0-05 0-18 0-51 0-11 0 0 7 0-09 0-44
12 0-16 0-42 0-13 0-16 0-47 0 0 5 0-18 0 1 2 0-07 0-19 0-43
13 0-04 0-31 0-04 0-20 0-07 0 0 8 0-20 0 1 9 0-05 0-12 0-93
14 0 0 4 0-09 0-04 0-22 0 0 9 0 0 8 0-15 0-09 O i l 0-10 0-08
15 0-06 0-07 0-11 0 1 2 0-21 0 1 0 0-24 0-12 0-14 0-03 0-12
16 0-09 0-07 0-22 0-09 0-14 0 1 2 0-08 0-15 0-15 0-23 0-06
17 0-04 0-12 0-07 0-09 0-04 0 0 4 0-33 0-09 0-12 0-03 0 0 6
18 0-10 0-06 0-22 0-09 0-14 0-18 0-34 0-18 0 0 6 0-03 0-06
19 0-08 0-03 0-21 0-03 0-06 0-07 0-17 0-14 0-03 0-06 0-06
20 0-50 0-45 0-66 0-57 0-49 0-82 0-66 0-63 0-64 0-57 0-65

(1) Defined in paragraph 64.

to be o f more importance at the first link stage than at 
the final sample stage. At this latter stage the sample is 
basically a  multi-phase sample with a slow change on the 
composition o f the sample over the years. I f  the population 
also changes slowly over time any divergence between 
sample and population is likely to  continue for a long period. 
Thus, a difference that may be ascribable to  the chance 
effect of the initial sample selection will, over the years, 
take on the characteristics o f a  persistent bias. I f  the sample 
size is sufficiently large in absolute numbers this type of

effect is likely to  be o f little importance. I t cannot be claimed 
that the sample sizes in the first two strata in either o f the 
two Orders examined are sufficiently large in this sense 
even if  the assumption o f initial simple random  selection 
were tenable. Reasons for preferring the multi-phase 
sample are given at the end o f the historical introduction.

74 An alternative approach to  the determination o f 
reliability, which could have been used had sufficient data 
been available, is mentioned a t the end o f this section.
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The estimators considered
75 The comparison of simple regression and ratio 
estimators described in the previous section made the mini
mal use of the formulae appropriate for particular sampling 
situations although much of the interpretation of the results 
assumed that they were robust under departures from speci
fied sampling assumptions. Another approach adopted 
concurrently with that of the previous section was to 
examine the relative bias and sampling variability of 
alternative estimators using formulae which would be 
appropriate under particular sampling conditions. The 
basic assumptions underlying these formulae are discussed 
above. Two notable differences between the approach 
of this and the preceding section are that here the stratified 
structure of the sample is specifically recognized but the 
variance of 7 for a given x  (in the symbols of the last section) 
is assumed to have the same value for all x. The evidence 
in the last section suggests that this latter assumption is 
not true but this was not known at the time that the work 
described here was planned.

76 As in the previous section it was assumed that the 
main interest was to estimate the percentage change from 
one period (month or quarter) to the next in value of 
total deliveries within each of the main groupings separately; 
Mechanical engineering and Instrument and Electrical 
engineering. Attention was confined at this stage to esti
mators calculated from complete monthly sample informa
tion. Estimators obtained at first and last link are discussed 
in section D.

77 For the purpose of this simple comparison the estimator 
closest to the link relative formula described in Part I 
is the ratio estimator

/■=! i=l
Here Wt is the inverse of the sampling fraction in stratum 
i and ^ns) is the total value of deliveries in stratum i for 
time s as recorded by the sample available at time t. In 
practice a matched sample is used to calculate X{(ty and 

An alternative method of writing this estimator is
3 3

=  Z N u M ( t ) lX N i tX i{ t - i )
/=! /=i

with Nit the total number of units in the population of 
stratum i at time t and (,) =  (sylnu the sample mean value 
of deliveries in stratum i for time s using the matched sample 
available at time t. Here mt is the size of the matched 
sample available at time t and Wi = Nulnu. It is assumed 
throughout, for convenience, that Wi is the same for all t. 
This corresponds to the assumption underlying the formulae 
described in Part I. The results presented in section A 
suggest that this assumption is not wholly correct.

78 An alternative stratified ratio estimator has the form

/■=! /=■!
Here Xm -i) is the population total value of deliveries in 
stratum / for time t — 1 which is assumed known and 
r\,t,i == ^m jXu^t-i) = ((_:). In practice will not
26

be known (particularly for monthly data) and will need to 
be estimated from all available sample data for time / — 1. 
The difference between the matched sample and the 
complete sample for time t — 1 will not be so great as to 
make an appreciable difference between the values of 

and ri.((2). It is convenient to make the unreal 
assumption that X m -i) is known in order to remove that 
source of unreliability from the estimator. Had the same 
assumption been applied to n.eCD that estimator would have 
reduced to the ratio of the stratified sample mean for 
period t to the true mean value for period / — /. It was 
thought that n,((2) was likely to be more stable than the 
latter estimator and so no attention was given to this 
simple form of

79 A ratio estimator can relate to a time lag of any length. 
The above ratio estimators are for a lag of one time unit. 
The corresponding ratio estimators for a lag of two time 
units were also considered. These are

^  A|(J-2) 
/ - I

1
Z  Xi(t-i)

/ - i
and

3 3
r2,t̂ ^̂  =  Z  r2,t,iXi{t-2)l Z  Xnt-i)

/=! /=I
with

r2,t,i =  ^ i ( t ) l ^ t ( t - 2 )  — Xi(t)IXi{t-2).
The matched sample contributing to and is not 
necessarily the same as that contributing to .!(«) and A<(f_i). 
It is convenient not to change the symbols in the different 
estimators even though the definition has changed slightly.

80 Linear combinations of and r2 ,d^  ̂ and of 
and r2 ,t̂ ^̂  were examined but the values calculated for these 
combinations did not differ markedly or consistently from 
those for the individual component estimators.

81 An assumption made in calculating the monthly index 
of production was that the third stratum was sampled 
100 per cent. This assumption was adopted in this part 
of the study so that for the third stratum we have 
^3(0 =  ^3(0 and W2 = 1.

82 In addition to the ratio estimators, attention was given 
to regression estimators. These corresponded closely to the 
four types of ratio estimators described above. If we 
denote the regression estimator of the mean in the rth 
stratum as

X T , t , i { r e g r )  — + (r =  1,2)
with ^nt-T) = Xi(t-r)jNnt-rh a known value, then we may 
estimate the percentage change between periods t — 1 and
t as

3 3
R2,d'^^  =  ZN itX T ,t,i{.regr)l X  X i{ t - r ) ’

i-1 /=!
Here Ot,< and br.i are the most commonly encountered 
least squares estimators of the intercept and slope in the 
linear regression of the values of total deliveries in period
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t on those in period t - r .  As with the ratio estimators 
only matched samples would be used to estimate ar,i and 
br,i‘ The assumption that the third stratum is sampled 
100 per cent implies that we need only estimate the means 
in the first two strata in the above estimator.

83 An alternative regression estimator is obtained by 
combining the slope estimators within strata to give a 
common slope estimator for the first two strata. Thus

briSi ^  
i= i »= 1

with
flu

y=l
The estimate o f intercept is

G-J- — X{ ~bj.Xl_y^
with X* the stratified mean estimator for the first two
strata alone using matched samples. The alternative
mean regression estimator is now

2 3
^iXT,^t,i(regr)-^ ^Z{t-T))l^ Xi{i-r)

/=!
with

XT, t̂,i(regr) — +

84 Other estimators are mentioned in the next section. 
These are not discussed here because the nature o f the tabul
ations available did not permit the examination o f any 
alternatives in this stage o f the study.

Calculated measures o f reliability 
‘Bias’

85 Table 14 presents the values o f bias obtained using 
the formulae in Appendix B. These calculations refer only to 
the ratio estimators described above which are used with 
the monthly or quarterly equivalent samples. Comparable 
calculations for the regression estimators would have 
required somewhat more arithmetic and were not attempted. 
Any bias in the regression estimators is likely to be o f the 
same order o f magnitude as that for the ratio estimators.

86 The bias calculations presented in Table 14 do not 
represent the true bias in the various estimators. A  defect 
mentioned above is that the assumptions appropriate to 
stratified random sampling which underlie the formulae 
do not hold. A second defect is that the population variances 
and covariances could not be used even for the entries in 
the columns headed ‘total*. The only arithmetic available 
for this part of the study related to matched samples. 
Thus, only those members of the population making returns 
for two consecutive quarters (or for two quarters which are 
one quarter apart) are included in the calculations. Another 
defect is that the bias formulae used are approximations 
which include only terms proportional to the inverse of 
the sample size in each stratum. When the sample size is 
reasonably large the approximate formulae will, under 
appropriate assumptions, give calculated values which are 
close to the true v^ues.

c .

\
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Estimated ‘bias’ in quarterly ratio estimators'"^

Table 14 Percentages

Lag 1 Lag 2

QE(*) Totar(») QECO ‘Total’CO

Mechanical engineering

Third quarter 1969 

Estimator 1 0-003 0-006 0-009 0-008
Estimator 2 0-045 0-067 0-126 0-076

Fourth quarter 1969 

Estimator 1 0-008 -0-001 0-004 0 004
Estimator 2 -0 0 1 1 - 0  063 -0-017 -0 -002

First quarter 1970 

Estimator 1 - 0 0 1 4 0-003 0-009 0-001
Estimator 2 - 0 1 6 4 0-052 0-101 - 0 0 1 8

Second quarter 1970 

Estimator I 0-046 O-OOI 0-003 - 0  002
Estimator 2 0-469 0-024 0-036 0-034

Instrument and Electrical 
engineering

Third quarter 1969

Estimator 1 O-OOI (*) 0-001 0-001
Estimator 2 0019 0-007 0-007 0-022

Fourth quarter 1969 

Estimator I 0-001 CO 0-002 (0
Estimator 2 0-029 0-008 0-057 0-011

First quarter 1970 

Estimator 1 0 001 (*) 0-001 (0
Estimator 2 0010 0-006 0 030 0-006

Second quarter 1970 

Estimator 1 i*) (*) (0 (0
Estimator 2 - 0  001 0-003 0-006 0-001

(1) The ratio estimators are given in percentage form to conform with 
the customary presentation of index numbers.

(2) Quarterly equivalent matched samples.
(3) Quarterly equivalent plus quarterly matched samples.
(4) Less than 0-0005 in absolute value.

87 The calculated biases given in Table 14 can easily be 
identified with the ratio estimators described earlier. Thus, 
‘estimator 1, lag 1* refers to and ‘estimator 2, lag 1’ 
refers to rz/^^. Similarly ‘estimator 1, lag 2’ refers to 
and ‘estimator 2, lag 2* refers to r2 ,P'>. It can be seen from a 
comparison o f the calculated values using quarterly equiva
lent matched samples alone and those using ‘matched 
populations’ (quarterly equivalent plus quarterly matched 
samples) that the former calculated values are not very 
reliable guides to the bias in the quarterly equivalent ratio 
estimators. Despite this the magnitudes o f the values in 
Table 14 suggest that if  the assumptions o f stratified random 
sampling, including constant variances within strata, were 
satisfied the bias o f estimation using ratio estimators should 
not be o f major concern.
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‘Standard errors’
88 Table 15 presents standard errors calculated using 
quarterly equivalent samples from the formulae described 
in Appendix B. The explanations and reservations given 
above for the bias calculations apply here as well. The only 
additional explanation required is that ‘regression estimator 
r  refers to R\,t and ‘regression estimator 2’ refers to 
A comparison of the calculated values using quarterly 
equivalent matched samples alone and those using ‘matched 
populations’ suggests that the former calculated values 
are not reliable guides to the variability of quarterly 
equivalent estimates. Some interpretative comments are 
necessary here. In all instances the calculated stratum 
variances within both the current and the previous quarter 
are greater using the ‘matched populations’ than when 
using matched quarterly equivalent sample data. Contrari
wise the correlation coefficient between matched values 
in the two quarters is noticeably higher for the ‘matched

populations’ than for the matched samples within each of 
strata 1 and 2 for most of the quarters. The disparity is 
greatest for the Mechanical engineering Order where the 
correlation coefficients corresponding to lag 1 estimators 
range from 0.88 to 0.99 for the ‘matched populations’ 
and from 0 *40 to 0 -96 for the matched quarterly equivalent 
samples. This alone is sufficient to explain the large dis
parities in calculated standard errors presented in Table 
15 for that Order. By contrast the stratum variances for 
the Instrument and Electrical engineering Orders are much 
closer together for both ‘matched populations’ and the 
corresponding quarterly equivalent samples and the differ
ences between correlation coefficients within strata for the 
two types of data are less extreme than for the Mechanical 
engineering Order. It is noticeable that in the second 
quarter of 1970 the correlation coefficients in stratum 2 for 
the Instrument and Electrical engineering Orders are 
practically identical (0-91 and 0-92) whereas in stratum 1

Estimated ‘standard errors’ of certain quarterly estimators '̂^

Table 15 Percentages

Mechanical engineering Instrument and Electrical engineering

Lag 1 Lag 2 Lag 1 Lag 2

QE(®) Total’t®) QE(*> ‘Total’(3) QE(*> ‘Total’(*> QE(*) Total*(»)

Third quarter 1969

Ratio estimator 1 0-671 0-700 0-960 0-823 0-369 0-264 0-415 0-369

Ratio estimator 2 0-655 0-699 0-906 0-813 0-368 0-260 0-407 0-360

Regression estimator 1 0-648 0-663 0-781 0-770 0-348 0-256 0-394 0-341

Regression estimator 2 0-631 0-664 0-734 0-770 0-351 0-255 0-379 0-339

Fourth quarter 1969

Ratio estimator 1 1-475 1-010 1-121 0-919 0-451 0-329 0-628 0-364

Ratio estimator 2 1-349 1006 1-060 0-907 0-421 0-327 0-583 0-360

Regression estimator 1 1-337 1-009 1-087 0-920 0-412 0-326 0-531 0-356

Regression estimator 2 0-931 0-952 0-741 0-883 0-389 0-324 0-499 0-355

First quarter 1970

Ratio estimator 1 1-557 0-845 2-6II 1-059 0-248 0-318 0-418 0-336

Ratio estimator 2 1-352 0-853 2-603 1-049 0-235 0-319 0-377 0-338

Regression estimator 1 1-389 0-858 2-549 1-058 0-223 0-317 0-348 0-336

Regression estimator 2 1-153 0-835 2-497 1-003 0-224 0-313 0-340 0-337

Second quarter 1970

Ratio estimator 1 1-847 1-015 0-766 0-937 0-218 0-369 0-260 0-448

Ratio estimator 2 1-575 1018 0-771 0-938 0-215 0-369 0-257 0-443

Regression estimator 1 0-976 1-029 0-744 0-935 0-217 0-368 0-256 0-446

Regression estimator 2 0-966 1-028 0-657 0-930 0-217 0-369 0-256 0-447

(1) All estimators are given in units of percentage change since the previous quarter,
(2) Quarterly equivalent matched samples.
(3) Quarterly equivalent plus quarterly matched samples.
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the correlation coefficient for the matched quarterly 
equivalent sample data is 0*98 compared with 0-80 for 
the ‘matched populations’. This marked reversal o f the 
more common pattern results inasmallercalculated standard 
error in that quarter for the quarterly equivalent data.

89 The discussion in section A suggests that the apparent 
agreement between values calculated using quarterly 
equivalent data alone and those calculated from ‘matched 
populations’ in the Instrument and Electrical engineering 
Orders may be illusory. Had the quarterly sample members 
allocated to stratum 3 been correctly assigned to strata the 
picture for these Orders might be closer to that illustrated 
for Mechanical engineering. The marked lack o f represent
ativeness o f the quarterly equivalent samples in the first 
two strata for this Order makes it hazardous to interpret 
any o f the values given in Table 15 as genuine standard 
errors. The most that can be hoped is that the relative 
magnitude o f the values for different estimators within any 
one Order reflect those for more appropriate measures 
of sampling variability. If this were so, there would seem to 
be a slight advantage in using the regression estimator 

There is no clear cut evidence that either a lag 1 or lag 2 
estimator is to be preferred. What is notable about the 
values given in Table 15 is the lack o f any clear cut evidence 
of marked preference for any one estimator and the marked 
differences in the values o f the calculated standard errors 
between quarters. This latter characteristic is very likely to 
be found with a more appropriate measure o f sampling 
variability which indicates that it should not be assumed 
that the calculated value o f the monthly indexes o f produc
tion for the Engineering Orders have equal reliability in 
all months. An indication o f the likely pattern o f changes 
in reliability from month to month is illustrated in Table 
16 by the calculated standard errors (comparable with those 
of Table 15) for the estimator

90 It is worth remarking shortly on a use that could be 
made o f the standard errors o f Table 15. An interval about 
the calculated percentage change between consecutive 
quarters could be constructed by adding and subtracting 
a multiple of the standard error. Had the sample used to 
calculate this percentage change been selected by a random 
procedure one would expect this interval to bracket the 
population value with a prescribed probability. Such an 
interpretation is not possible here because o f the absence 
of random selection. The usefulness o f such an interval 
could be examined at the quarterly level. A  comparison 
would be needed, over an extended period o f time, o f the 
best estimate of the quarter on quarter percentage change, 
using all available data, with an interval for the quarterly 
equivalent sample estimate. If an interval formula could be 
found which brackets the best estimate a large proportion 
of the time, then we may have confidence that the same 
formula applied to the estimate o f the similarly defined 
monthly percentage change will yield an interval with 
comparable properties.

An alternative approach
91 An alternative approach to the determination o f the

i  •

Estim ated ^standard errors’ o f monthly
ratio estim ators

Table 16 Percentages

Mechanical
engineering

Instrument and 
Electrical engineering

1969

March 2-067 0-358

April 1*291 0*388

May 1-500 0-453

June 1-035 0*399

July 1-405 0-303

August 1*166 0-394

September 1-534 0-518

October 1*784 0-416

November 1*212 0-342

December 1*667 0-428

1970

January 1-050 0-364

February 1*111 0-289

March 3-116 0-421

April 3-247 0-248

May 1-042 0-323

June 1-089 0-602

{

J

(1) All estimators are given in units of percentage change since the 
previous month.

reliability o f estimates derived from samples o f the type 
obtained in the KS/Eng. enquiries would be to examine 
the pattern o f differences between the values o f appropriate 
estimates at the quarterly level using quarterly equivalent 
data alone and the values using ‘matched populations’. 
If there is a persistent positive (or negative) difference then 
this may result from a constant bias o f estimation provided 
there is no trend in the difference. In this situation variations 
about the average difference can be used to give a measure 
analogous to a standard error. A  comparison o f Tables 
15 and 16 suggests that any such ‘standard errors’ for 
monthly estimates will be slightly larger than those for 
quarterly estimates. This suggested mode o f approach 
is very much a long term solution and presupposes a 
consistent pattern o f deviations over time. At least five 
years will need to pass before any useful information could 
be obtained. In the interim it is suggested that standard 
errors as calculated above be used to give a guide to the 
reliability o f each estimate. This would be preferable to 
the acceptance o f published indexes as if  they were error- 
free.
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D: Comparison of estimators: preliminary samples 
A simulation study

Planning considerations
92 In previous sections discussion has concentrated on 
the reliability of estimates obtained from the total matched 
samples. Of at least equal interest is the reliability of 
preliminary estimates which are necessary if an economic 
time series is to be timely. Intolerable delays in publication 
would be introduced if it were deferred until all returns 
had been received. We are concerned here with first link 
and last link samples. Some reporting units always respond 
early enough to be included in the first link sample while 
others rarely respond in time to be included in the last 
link sample. The changing composition of these samples 
can be described in terms of random allocation to first 
or last link with different probabilities of inclusion at each 
stage for reporting units in the total sample. The reliability 
of estimates obtained from these preliminary samples could 
be examined using the approach described in section C 
treating the total sample as if it were the population. This 
was not thought entirely satisfactory and would have 
required a great deal more manipulation of the data for 
the same type of information. Instead a simulation study 
was conducted which, while more expensive in computer 
time, was expected to yield useful information about the 
likely sampling characteristics of preliminary estimates.

93 A simulation study attempts to determine, from artificial 
samples drawn from a known population, important 
properties of specified estimators. The first and last link 
samples may be described as the outcome of a two phase 
process. The first phase is the selection of the total sample 
and the second phase is the selection of the last and first 
link samples. Selection at the second phase is conditional 
upon selection at first phase but selection at first link is 
not conditional upon selection at last link because the time 
order of selection is reversed. The last link sample is an 
augmented first link sample.

94 Artificial samples at first and last link could not be 
drawn from the total population and no satisfactory theoret
ical description of the population distribution could be 
framed which would allow for differences between months. 
The total monthly sample was treated as a population and 
selection at second phase only was simulated. Accordingly, 
measures of reliability relate to the complete monthly 
sample as datum and allow for second phase sampling 
variability only.

95 The resources available (including time) imposed a 
number of constraints on what could usefully be studied. 
An early decision was to simulate the selection for only 
two periods in the eighteen months available. The months 
chosen were June 1969 and March 1970 which were pre
ferred because they occurred in periods of different growth 
rates. The first of these months was preceded by slow 
growth and the second by rapid growth. Data for the 
Mechanical engineering Order only were used in thisexercise.

96 A magnetic tape file was set up containing a record 
for each respondent that had returned sufficient information
30

in the monthly enquiry to allow the calculation of the 
estimators to be compared. Each record included a reference 
number, a main industry code, values for total deliveries and 
total orders on hand in the two chosen months, and in the 
three months preceding each of them, together with two 
‘probabilities of response’ described below. The original 
data were stratified by size; the sampling fraaions were 
1/10, 1/5 and 1 as described previously.

97 Proxies for the probability that a reporting unit made 
a return for a month in time for first link (5-6 weeks after 
the end of the month) and in time for second link (about 
10 weeks after the end of the month) were required. The 
date that a unit was added to file was recorded for each 
month during the period April 1969 to March 1970; dates 
for earlier periods were unreliable. This information was 
used to give an approximation to the probability of selection 
at each sample stage. If a unit replied early enough to be 
added to the file in time for inclusion in the first link sample 
in all twelve months it was given a unit probability of 
selection at first and last link. Units which did not reply 
early enough to be added to the file in time for inclusion 
in the first link sample in any month were given a zero 
probability of selection at first link. Units that fell between 
these extremes were given probabilities of selection at 
first link proportional to the number of occasions during 
the twelve months that they replied early enough to be 
included in the first link sample. Similar proportions were 
calculated to give probabilities of selection at last link.

98 Two basic selection strategies were considered. With 
one, each respondent would be selected separately using 
the probabilities calculated. Here the total sample size 
would be a random variable with no guarantee that it 
would correspond in magnitude or variability to what was 
observed. The technical problems of operating this system 
were substantial so an alternative strategy yielding a fixed 
sample size was adopted. For each stratum samples were 
obtained as follows. For the first link sample, all respondents 
with unit probability of response were included. The re
mainder were sampled without replacement with probabili
ties of selection determined by the probability of response 
at first link. The second link sample included all those firms 
selected at first link, plus those firms with unit probability 
of response at second link, plus additional firms selected 
at random without replacement using the second link 
probabilities of response. The sample sizes used were the 
number of firms in the stratum which had replied by each 
link when the data were actually acquired in June 1969 or 
in March 1970. These comprised approximately one half of 
the complete sample size for the first link sample and three 
quarters for the second link. (For details see Table 17 below.)

99 Effort was concentrated on measuring the reliability 
of alternative estimators of the ‘population’ values of 
total deliveries and of total orders on hand, rather than 
percentage changes between consecutive periods. These 
will yield reliability measures differing from those for 
percentage changes by a scalar only although the scalar 
will change from month to month. As the main purpose of 
the simulation study was to compare the performance of
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alternative estimators corresponding to  the same month 
this was not regarded as a drawback.

100 A wide range of choice among estimators existed and 
a decision had to be made at a relatively early stage to 
exclude a  substantial number o f potential estimators 
from consideration. The estimators suggested were the 
ratio estimators lagged one, two and three months and two 
types of regression estimator; one regressed on a single 
month in the past and the other regressed on the two pre
vious months. The two types of regression estimator are 
referred to as the single lag and double lag regression 
estimators. The single lag estimator was to be based on a 
lagged regressor of one month and two months respectively. 
This gave six basic types of estimator which could be 
estimated using first link and second link samples respect
ively. The ratio estimator lagged one month was to  be 
estimated twice; once using the previous month’s value of 
total deliveries and once using the second link estimate 
of that same total. The latter was closer to the existing 
method of calculating the index o f production and gives 
some information on the extra degree o f variability intro
duced by this procedure. It was proposed that both methods 
of combining strata described in section C should be cal
culated for each estimator giving a total of twenty six 
possible estimators. In addition certain bias reducing 
procedures for use with ratio estimators were suggested 
as well as procedures for combining estimators (principally 
the ratio estimators) to  reduce sampling variability. All 
these estimators were defined using the standard stratum 
weights of 10, 5, 1. It was suggested that consideration 
should also be given to the effects of multiplying the standard 
weights by the inverse of the proportion of the complete 
sample included in the first or second link sample. These 
were distinguished by calling the results o f the standard 
procedure W  weighted estimators and of the alternative 
W If weighted estimators. The total number of estimators 
mentioned above exceeds 80.

101 It was further proposed that the effects of applying 
these procedures to the larger returning units only be 
examined. Two groups suggested were those in the largest 
stratum (roughly, with annual deliveries in excess of £1 
million) and those in the very largest category (with annual 
deliveries in excess of £3 • 6 million). Additionally, an alterna
tive stratification by Minimum List Headings (MLH) 
was suggested. This procedure, if adopted in practice, 
would require the evaluation of a completely different set 
of weights and would certainly require greater computing 
efforts than the existing procedure. Two ways o f defining 
the MLH strata are available. In the first reporting units 
are allocated to MLH strata according to the principal 
product of the unit; the second allocates separate product 
values to strata so that one reporting unit may be found 
in more than one stratum.

102 Of all the possible combinations of estimators and 
treatments of strata it was decided to examine relatively 
few. At an early stage it was decided to ignore the bias 
reducing estimators and the optimal combination of 
estimators. Information output from the study was arranged

hr
/ I

to permit subsequent examination o f these if required. 
Attention was confined to  seven estimators in the first 
simulation run but others were added subsequently. 
The estimators are as follows; the short description will 
assist in their identification in later tables.

1 Ratio^ lag Infixed: A ratio estimator lagged one month 
using the previous month’s datum in the formula.

2 Ratio, lag 1, variable: A ratio estimator lagged one 
month using the second link sample estimate o f the 
previous m onth’s total value in the formula.

3 Ratio, lag 2, fixed: A ratio estimator lagged two months 
using the datum for the penultimate month in the 
formula.

4 Single lag regression, lag 1, fixed: A regression estima
tor, based on previous m onth’s values, using the 
previous month’s datum  in the formula.

5 Single lag regression, lag I, variable: A  regression 
estimator, based on previous month’s values only, 
using the second link sample estimate of the previous 
m onth’s total value in the formula.

6 Single lag regression, lag 2, fixed: Aregression estimator 
based on the penultimate month’s values only, using 
the penultimate month’s datum  in the formula.

7 Double lag regression, lags 1 and 2, fixed: A  regression 
estimator, based on the previous two month’s values 
only, using the data for the previous two months in 
the formula.

A further estimator, introduced at a later stage, is
8 Double lag regression, lag 1, variable, lag 2 fixed: A 

regression estimator, based on the previous two month’s 
values only, using the second link sample estimate of 
the previous month’s total value and the datum for the 
penultimate month in the formula.

103 The first seven estimators were calculated for the 
three size strata using both methods of combining strata 
discussed in section C. The method corresponding to 
r[]j and in that section is identified in the tables with 
the letter A and the method corresponding to r[f^ and R^^\ 
is identified by the letter B. Estimators 1, 3, 4, 6 and 7 
listed above were calculated twice; once using first link 
sample data for the current month and once using second 
link sample data for that month. The whole procedure was 
repeated twice at first link; once using the weights and 
once using the IT//weights as described above. The simula
tion on all these estimators was based on information 
in all three strata. In addition estimators 1, 2, 3 and 6 
were calculated using information in stratum three only and 
estimators 1 and 2 were calculated using information from 
respondents with total annual deliveries of more than 
£3*6 million per annum only. The alternative method of 
defining strata by MLH, with units allocated to strata 
according to their principal product, was also used for 
estimators 1 and 2.

104 In the process of calculating some estimators a second 
link sample for the month preceding the month of interest 
was needed. For computational convenience and economy 
it was decided to use the second link sample selected to 
estimate the second link form of the estimators. Consequently 
the second and first link estimators refer to consecutive
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months. The change in variability between months, com
mented upon in previous sections, is very noticeable here 
and makes it difficult to compare the reliability of first 
and last link sample estimates. This decision was a mistake 
which should be avoided in future studies of this nature.

105 The selection of each of the four samples (first and 
second link) for all four periods was independent of the 
selection made for the other three. Because of the use made 
of the second link sample, estimators 2, 5 and 8 at first 
link are not independent of the remaining estimators at 
second link. The periods, and their identification, used
in the tables are as follows.

Second link, period 1: second link sample in May 1969 
First link, period 1: first link sample in June 1969 
Second link, period 2: second link sample in February

1970
First link, period 2: first link sample in March 1970

number of pairs of identical samples were obtained. This 
appears to result from the large number of firms selected 
with probabilities other than 0 or 1 at second link relative 
to the ‘population’ of such firms. The numbers involved are 
given in Table 17. While the possibility that these repetitions 
are due to a flaw in the random number generator cannot 
be completely ruled out this is felt to be unlikely for reasons 
described below.

106 At the planning stage of the simulation a number of 
further decisions had to be taken. The first of these was the 
total number of simulations to be performed on any one 
run. This number was set at 100, a value mainly dictated 
by cost and computer time available. From the results 
obtained it seems that little additional information would 
have been yielded by a larger sample size. For each run a

107 Various summary measures of the sampling distribu
tions of the estimators were computed. These included the 
mean, variance, third moment about the mean and the 
variance covariance matrix for the estimators. A measure 
of bias was computed using the calculated value of the 
‘population’ as datum. One further statistic computed 
was the number of estimates in each set which fell below 
the datum value. The individual estimates were also output, 
both in printed form and on punched cards. The latter 
were obtained to facilitate subsequent analysis.

108 Three runs of the basic simulation were undertaken. 
The first two used identical random numbers but slightly 
different source tapes. The results obtained from these 
were, of course, very similar. A third run, using the same 
source tape but different random numbers, served to verify 
some tentative conclusions and to investigate two further

Size of populations and samples used in the simulation study

Table 17

Number with zero probability 
of selection

Number certain to 
be selected

Number with probability of 
selection between 0 and 1

Link 1 Stratum Stratum Stra turn

I 2 3 All 1 2 3 All I 2 3 All

Period 1

Population size 4 12 29 45 20 41 66 129 51 74 254 381

Sample size(^) 37 40 163 230

Period 2

Population size 11 13 46 70 21 42 65 128 44 73 238 355

Sample size(') 35 54 180 269

Link 2 Straturn Stratum Straturn

1 2 3 All 1 2 3 All 1 2 3 All

Period 1

Population size 3 7 10 20 22 54 99 175 51 67 164 282

51 64 139 254
Sample sizeC*-'

Period 2

Population size 9 8 29 46 23 55 98 176 44 65 222 331

44 61 207 312
Sample size(^)

(1) Sample sizes exclude those units which are certain of selection.
32
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estimators which, by this time, were receiving serious 
consideration. These are:

9 Ratio, lag 3, fixed: a ratio  estim ator lagged three 
months;

10 Double lag regression, lags 2 and 3 fixed: a regression 
estimator based on values for the two months indicated.

Results
109 A summary o f some o f the numerical values obtained 
from these simulations is presented in Tables 18, 19 and 20. 
The interpretation o f these results are by no means clearcut 
but some tentative conclusions may be drawn. The use o f 
stratum  weights which take account o f the response fraction 
appears to  give preferable results in terms o f root mean 
square error to  those based on the sampling fraction 
alone. This is usually true o f both bias and standard 
deviation also. This result holds for most estimators and 
both links although more obviously for the first link than 
for the second. Comparison amongst the estim ators indicates, 
in terms o f roo t mean square error, that the single lag re
gression is the least successful o f those considered. I f  we 
use the same criterion it is difficult to  choose between the 
simple ratio  and double lag regression estimators.

110 The estimators
2 Ratio, lag 1, variable 
5 Single lag regression, lag 1, variable 

and 8 Double lag regression, lag 1 variable, lag 2 fixed  
(see paragraph 102 above) were considered in order to  
obtain some indication o f the effect o f the additional 
source o f variability in the auxiliary variable. F or estimates

o f total deliveries this resulted in a  substantial increase in 
root mean square error for most estimators. The only case 
where this factor is relevant is a t first link. F or estimates 
o f orders on hand the observed effect was substantially 
less. This result prom pted consideration o f estimators 
9 and 10 above w ith a  maximum lag o f three months. The 
longer lag was considered because the estimates for the 
base period are obtained from virtually complete sample 
data. There appears little difference between the estimators 
based on a lag o f three periods (ratio) or lags o f two and 
three periods (regression) and the corresponding estimators 
based on lags o f one period or lags o f one and two periods 
when the latter are calculated w ith reference to a fixed base. 
Interpretation o f these comparisons is complicated by the 
fact that differences between the time periods chosen are 
substantially greater than differences between the estimators. 
These differences between time periods make comparisons 
between first and second link estimates difficult because, 
as m entioned above, these refer to  different months.

111 The results quoted above appear to  give a preference 
to  estim ators other than estim ator 2 which was closest, 
am ong those considered, to  the link relative method 
described in paragraphs 13-16. These results have to  be 
qualified. As mentioned above the first and second link 
samples were selected independently o f each other. In  
practice it is rare for a  firm to  make a return for m onth 
t —  I  after a  return has been made for m onth  t. Insufficient 
inform ation was available to  allow for this dependence 
even if  the available time and money had perm itted the 
increased technical difficulties tha t such dependence would

Simulation study— some summary results (first run)
Mechanical engineering

Total deliveries—strata combined using weights 10, 5 ,1
T a b le  18(A )

Estimator

Ratio, 1 period, 
fixed r-1

Ratio, I period, 
variable /-I

Ratio, 2 period 
fixed t-1

Single lag regression,
1 period, fixw r-1

Single lag recession,
1 period, variable r-I

Single lag regression,
2 period, fix ^  t-1

Double lag regression, 
fixed /-I , t-1

Period 1 (May-June 1969) Period 2 (February-March 1970)

Method of Link 1 (June) Link 2 (May) Link 1 (March) Link 2 (February)
combining

strata(') Bias(“) SD(") RMSD Bias(2) SD(=») RMSD Bias(*> SDC®) RMSD BiasC®) SD(®) RMSD
(q W (4) (4)

A -1*8 2-6 3-2 -1 -0 1-5 1-9 4-8 4-9 6-9 2-8 2-8 3-9
B - M 2-3 2-5 -0 -9 1-5 1-7 4-7 4-8 6-7 3-0 3-0 4-3

A -2 -9 3-5 4-5 7-4 7-5 10-6
B -2*0 2-9 3-6 7-7 7-7 10-9

A - 3  1 3-7 4-8 0-3 1-5 1-5 6-2 6-8 9-2 O-I 0-8 0-8
B -2 -1 3-0 3-6 -0 -4 1-6 1-6 6-5 7-0 9-6 («) 0-7 0-7

A 6*7 7-6 10-2 1-7 2-0 2-6 7-1 7-2 10-1 7-5 7-5 10-6
B 6-3 7-1 9-5 1-6 2-0 2-6 6-7 6-8 9-6 7-1 7-1 10-0

A 8-1 8-9 1 2 0 13-6 13-7 19-3
B 2-2 2-5 3-3 14-5 14-6 20-6

A 6-4 7-4 9-8 4-0 4-4 6 0 14-3 16-5 21-8 3-4 3-5 4-9
B 6-4 7-2 9-6 4-0 4-4 5-9 13-9 15-4 20-8 3-4 3-5 4-8

A 3-9 5-3 6 ‘6 0-1 1-2 1-3 6-3 6-5 9-0 3-2 3-3 4-6
B 3-6 4-9 6-1 0-4 1-3 1-4 5-6 5-9 8 1 3-2 3-3 4-6

See footnotes to Table 18(B).
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Simulation study—some summary results (first run)
Mechanical engineering

Orders on hand—strata combined using weights 10, 5 ,1

Table 18(B)

Estimator

Method of 
combining 

strata(‘)

Period 1 (May-June 1969) Period 2 (February-March 1970)

Link 1 (June) Link 2 (May) Link 1 (March) Link 2 (February)

Bias(’> SD(») RMSD
(*)

Bias(») SD(») RMSD
(0

Bias(*) SD(’) RMSD
(«)

Biast’J SD(“) RMSD
(«)

Ratio, 1 period, A -0 -4 0-7 0-8 -0 -3 0-9 10 0-4 1-4 1*5 0-6 0-6 0-8
fixed t-l B -0 -4 0-7 0-8 -0 -4 10 1-1 0-3 1-4 1-4 0-5 0-5 0-7

Ratio, I period. A -0 -6 1-4 1-5 10 1-7 2 0
variable t-\ B -0-8 1-5 1-7 0-8 1-5 1-7

Ratio, 2 period. A (») 1-7 1-7 -1 -6 21 2-1 1-4 1-9 2-4 0-8 0-9 1-2
fixed t-2 B - 0 1 1-8 1-8 -2 -2 2-6 3-4 M 1-7 2-0 0-8 0-9 1-2

Single lag regression. A -0 -4 1 0 1 0 -0 -8 1-5 1-6 1 0 1-7 2 0 0-8 0-8 11
1 period, fixed r-1 B - 0 1 0-9 0-9 -0 -8 1-5 1-7 11 1-7 2-0 0-6 0-6 0-8

Single lag regression, A - L 2 21 2-4 1-8 2-2 2-9
1 period, variable t-\ B - 1 0 2-0 2-2 1-7 2-1 2*7

Single lag regression. A -0 -4 3 0 3*0 -0 -9 1-9 2-1 2-1 2-5 3-3 M M 1-6
2 period, fixed t-2 B (*) 2-7 2-7 - 1 0 2 0 2-2 1-9 2-3 3 0 10 10 1-4

Double lag regression. A -0 -5 1-0 M - 1 1 1-8 2*1 1-3 1-8 2-3 0-8 0-8 1*1
fixed r-1, r-2 B -0*2 0-9 0-9 - M 1-8 2-1 1-3 1-8 2-2 0-6 0-7 0-9

(1) See paragraph 103 for description.
(2) Bias is expressed as a percentage of the estimate for all respondents.
(3) The standard deviation is expressed as a percentage of the estimate for all respondents.
(4) The root mean squared deviation is expressed as a percentage of the estimate for all respondents.
(5) Less than 0*05.

introduce into the simulation selection procedure. Had any 
such dependence been incorporated in this study the quoted 
mean square errors for estimator 2 might have been lower 
although probably not by much. A relatively large mean 
square error for this estimator would still beexpected because 
of the uncertainty inherent in the use of a sample estimator 
of the total value for month t — I  which can be called a 
variable base. Comparison with the index number formula 
described in Part I is difficult because that formula does not 
use a variable base of the kind employed in estimator 2. 
This factor, therefore, will not contribute to any measure 
of uncertainty in the index as calculated. However, from 
the form of the index,

^ ((—1) ^  ^
the term in brackets, which is the product of links estimated 
from matched samples, will contribute to the uncertainty 
in the index in an analogous manner to a variable 
base although not necessarily with mean square errors of 
the same magnitude as those obtained in this simulation 
study for estimator 2.

112 Another qualification is that the period considered 
in this study was rather unusual because of the relatively 
few registry changes resulting from births, deaths and similar 
changes in the composition of firms classified to the Engin
eering Orders. In other periods 5uch registry changes can
34

be sufficiently numerous to prevent a satisfactory comparison 
using matched samples between periods two or three 
months apart.
113 The results of similar simulations for the largest 
stratum alone and for the very large respondents alone 
showed, for all estimators, a decrease in reliability. When 
the results of these simulations became available preliminary 
decisions on the form of the new enquiry had been taken, 
as described in Part VI. The new enquiry design uses a lower 
cut-off point for respondents than was considered here 
(£250,000 per annum as opposed to £1,000,000). Accord
ingly the results of these simulations were of less immediate 
relevance and will not be considered further.
114 For one simulation run the respondents were further 
stratified by Minimum List Headings within size strata. 
The resultant MLH size strata were weighted using response- 
fractions, that is the proportion of all respondents in the 
MLH, within the size strata, that were included in the 
sample. This is comparable to the weighting procedure 
»7/described in paragraph 100 above. The only estimators 
considered in this simulation were 

2 Ran'o, lag 7, variable 
and 3 Ratio^ lag 2, fixed
The results are summarized in Table 21 and show little 
evidence of any substantial gain in reliability resulting 
from the additional complication of MLH stratification.
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Simulation study run)
Mechanical engineering

Total deliveries—strata combined using response fractions as weights

T a b le  19(A )

.<0

Estimator

Period 1 (May-June 1969) Period 2 (February-March 1970)

Link 1 (June) Link 2 (May) Link 1 (March) Link 2 (FebnLiary)

Bias(>) SD(3) RMSD
(0

Bias(") SDf“) RMSD
(0

Bias(“) SD(^) RMSD
(*)

Bias(2) SD(3) RMSD
(«)

Ratio, 1 period, fixed t-\ -0 -3 1-9 1-9 -0*9 1-5 1-7 3-7 3-8 5-3 2-6 2-7 3-7

Ratio, 1 period, variable t- l - M 2-3 2-6 6-2 6-3 8-8

Ratio, 2 period, fixed t-2 -1*3 2*5 2*8 0-3 1-5 1-5 5-0 5-8 7-6 0-5 0-9 1 0

Single lag regression, 1 period, fixed t- \ 0-4 2 0 2 0 -0 - 6 1-3 1’4 4-0 4-1 5-7 3-4 3-5 4-9

Single lag regression, 1 period, variable t- \ - 0 1 2 0 2 0 7-0 7-1 1 0 0 . . . —

Single lag regression, 2 period, fixed t - l -0 -4 2-2 2-2 0-5 1-5 1-6 5-2 5-9 7-8 1-5 1-6 2-2

Double lag regression, fixed r-1, t-2 - 0 1 1-8 1-8 -0 -3 11 1*2 3-7 3-9 5*3 1-8 1-9 2*6

See footnotes (2), (3) and (4) on Table 18(B).

Simulation study—some summary results (first run)
Mechanical engineering

Orders on hand—strata combined using response fractions as weights

T a b le  19(B )

Estimator

Period 1 (May-June 1969) Period 2 (February-March 1970)

Link 1 (June)■ f
Link 2 (May) Link 1 (Mairch) Link 2 (February)

Bias(“) SD(^) RMSD
(0

Bias(^) SD(=*) RMSD
(♦)

Bias(“) SD(«) RSMD
(0

Bias(“) SD(») RMSD
(*)

Ratio, 1 period, fixed t- \ 0-1 0 '6 0 ’6 -0 -4 1*1 1-2 - 0 1 1-4 1*4 (6) 0-2 0*2

Ratio, 1 period, variable t- \ -0 -3 1-3 1-3 (») 1-4 1-4 —

Ratio, 2 period, fixed r-2 0-4 1-8 1-9 0-3 1-5 1-5 0 3 1-5 1-5 -0 - 2 0*4 0*4

Single lag regression, 1 period, fixed /-I 0*1 0-6 0*6 -0 -5 11 1-2 (6) 1-4 1-4 0 1 0-2 0-2

Single lag regression, I period, variable t-\ -B -4 1-4 1-5 0 1 1-4 1*4 —

Single lag regression, 2 period, fixed t-2 0-4 2-0 2 0 0-3 1-5 1-5 0*4 1-5 1-6 -0*1 0-4 0*4

Double lag regression, fixed /- I , t-2 (6) 0-6 0*6 -0 -5 11 1-2 0-2 1-4 1-4 (S) 0*2 0*2

See footnotes (2), (3), (4), and (5) on Table 18(B),
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Simulation study—some summary results (third run)
Mechanical engineering

S tr a ta  com bined using response frac tio n s  as  w eights

Table 20

Period 1 (May-June 1969) Period 2 (February-March 1970)

Link I (June) Link 2 (May) Link I (March) Link 2 (February)

Estimator Blast*) SD(*> RMSD
(«)

Biast*) SDt*) RMSD
(*)

Blast*) SDt^) RMSD
(*)

Blast*) SDt*) RMSD
t‘)

Total deliveries

Ratio, 1 period, fixed t- \ - 0 - 7 2-3 2-4 -0*5 1-5 1-5 5-1 5-2 7-3 5-1 5-2 7-3

Ratio, 3 period, fixed t-2 -5 -2 5-9 7-9 -1 -4 2-4 2-7 4-5 4-7 6-5 5-3 5-4 7-6

Double lag regression, fixed t-2, t-2 -2 -5 3-3 4-2 -0 -9 1-7 1-9 6-1 6-4 8-9 7-4 7-4 10-5

Orders on hand

Ratio, 1 period, fixed t- l -0 -3 0-6 0*6 -0 -6 0-7 0-9 0-7 1-5 1-6 -0 -3 0-7 0-7

Ratio, 3 period, fixed t-2 -2 -6 3-2 4-1 -2 -9 3-3 4-4 1-7 2-2 2-8 0-5 0-8 0-9

Double lag regression, fixed t-2, t-2 - 0 ‘I 1-7 1-7 -1 -1 1-6 1-9 1-7 2-1 2-7 0-5 0-8 0-9

See footnotes (2), (3) and (4) on Table 18(B).

Simulation study—some summary results
Mechanical engineering

M L H  stra tifica tio n  and  estim ation— com bined to  ob ta in  estim ates a t  O rd e r level

Table 21

Estimator

Total deliveries

Ratio 2 period, fixed t-2

Ratio, 1 period, variable i- \

Orders on hand

Ratio, 2 period, fixed t-2

Ratio, 1 period, variable /-I

Total deliveries

(Estimated using strata net output 
weights)

Ratio, 2 period, fixed r-2

Ratio, 1 period, variable t- \

Period I (May-June 1969)

Link 1 (June) Link 2 (May)

Blast*) SDt*) RMSD
to

Biast*) SDtO RMSD
to

-1 -7

- 8 - 6

2-9

12-5

3-3

15-2

-2 -3 2-8 3-6

-0 -6

-0 -2

1-7

1-2

1-9

1-2

-6 -5 6-8 9-3

0 0

-^■1

2-3

11-5

2-3

12-4

- 1  -4 2-2 2-6

Period 2 (February-March 1970)

Link I (March) Link 2 (February)

Bias(=)

-1 4 -2

- 1-2

6 1

-13-0

SD(3)

6 '0

14-6

1-6

3-4

1 3 - 7

RMSD I Bias(*) i*)

8-1

20-3

18-9

SD(*) IRMSD(0

4-2

0 - 5

See footnotes (2), (3) and (4) on Table 18(B).

36

— Kt

ones"®*
rates c
jflvesti?'
possilJ*!*̂
For
COl

2.

Table 22(/

Estiniator

2

'I

r̂.

<4

t  t

J . .  >



I

2

4 H
4

7

0-9

3ruary)

) RMSD 
(<)

4-2

5 0’6

.<9

115 A further simulation exercise examined the effects 
on estimates of treating separately respondents with atypical 
rates of change in the sample period. At the time of this 
investigation serious consideration was being given to the 
possibility of using a ratio estimator lagged three periods. 
For this reason estimators based on this lag alone were 
considered. It is believed that similar results would have 
been obtained using lags of one or two periods.

116 Two estimators of current totals were considered:

1. = Xt-s .

ff Xf—3
Xt-z

/  »  X t -3
X t - 3 'r X t  - 3 Xt-3^

all based on rates of change. A respondent whose rate 
of change between t — 3 and t fell outside specified limits 
was regarded as atypical. The six sets of limits or gates were:
(1) overall sample rate of change ±  100%,
(2) overall sample rate of change d= 150%,
(3) overall sample rate of change i  200 %,
(4) zero ±  150%,
(5) zero ±  200%,
(6) zero ±  250%.
For each sample a frequency table was printed of different 
rates of change between the current period and three 
months earlier together with overall rate of change.

^xliX t-3-x'U )
f f

X t -3
-\-X'tf f

where x  is the total for all firms sampled,
ff is the total for atypical sampled firms, 

is the total for other sampled firms, (i.e.
xt = x 'fh x ^

and X  is the total for all firms. Subscripts refer to time 
periods with t the ‘current’ period and ‘ a * indicates an 
estimate. The W jf weighting (sampling fraction/response 
fraction) was used to weight the strata throughout. Six diff
erent definitions of atypical responses were considered.

117 The simulation was run for the Mechanical engineering 
Order and for MLH 341 (Industrial plant and steelwork) 
only. The latter was used to examine the effects of these 
procedures on a sector of industry with particularly volatile 
rates of change. A summary of the results is presented in 
Tables 22 and 23. Little difference is apparent between the 
results for the two formulae. This is not surprising since 
these are closely related; it may readily be shown that
Estimator 1 ~ EzlimoXov l-\-{xl^zlxt-3){xl-(xtxl-zlxt-z))^
in terms of the notation used above. The variation between 
the results for different gates is negligible compared with 
the variation between periods. Comparison with the results 
quoted above for estimator 9 (ratio, lag 3, fixed) indicates 
little gain from the use of the adjustment procedures. While 
no comparison of the MLH 341 estimates with the cor-

Simulation study— some summary results
S m o o th in g  fo r  a ty p ic a l  f irm s— M e c h a n ic a l  e n g in e e r in g

T o ta l  d e liv e rie s

Table 22(A)

Period 1 (M ay-June 1969) Period 2 (February-M arch 1970)

Estimatort*) Gate(i) Link I (June) Link 2 (May) Link 1 (M arch) Link 2 (February)

Bias(2) SD(3) RMSDtO SD(2) RMSDC*) Bias(2) SD(=*) RMSDt*) BiasC^) SD(3) RMSD(*)

1 1 ^ • 9 5-6 7-4 -1 * 2 2-3 2-5 4-7 4*9 6-8 5-6 5-6 7-9

2 - 5 0 5-7 7-5 - 1 - 2 2-3 2-6 4-9 5-1 7-1 5-7 5-8 8-1

3 - 5  0 5-7 7-6 - 1 - 3 2-3 2-6 4-7 5 0 6-8 5-6 5-6 7-9

4 - 5  0 5-6 7-5 - 1 - 2 2-3 2-6 4-9 5-1 7-1 5-7 5-8 8-1

5 - 5  0 5-7 7-6 - 1 - 3 2-3 2-6 4-9 5*1 8*1 5-7 5-8 8-1

6 - 5  0 5-7 7-6 - 1 - 3 2-3 2-6 4-7 4-9 6-8 5-6 5-6 7-9

2 1 - 4 - 9 5*6 7-4 - 1 - 2 2-2 2-5 4-7 4 ‘9 6-8 5*6 5-6 7-9

2 - 5  0 5-7 7-5 -1 * 2 2-3 2-6 4-9 5-1 7-1 5-7 5*8 8-1

3 - 5 0 5*7 7-6 - 1 - 3 2-3 2-6 4-7 5-0 6-8 5-6 5-6 7-9

4 - 5  0 5*6 7-5 - 1 - 2 2-3 2-6 4-9 5-1 7-1 5-8 5-8 8 1

5 - 5  0 5-7 7-6 - 1 - 3 2-3 2-6 4-9 5 1 8-1 5-7 5-8 8*1

6 - 5 0 5-7 7-6 - 1 - 3 2-3 2-6 4-7 4-9 6-8 5-6 5-6 7-9

(1) See paragraph 111.
See footnotes (2), (3) and (4) on Table 18(B).
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Simulation study—some summary results
S m ooth ing  fo r  a ty p ica l firm s— M echan ica l engineering

O rd e rs  on hand

Table 22(B)

Period I (May-June 1969) Period 2 (February-March 1970)

Estim ator‘) Gate(0 Link I (June) Link 2 (May) Link 1 (March) Link 2 (February)

BiasC) SD(=) RMSD(‘) Bias(>) SD(») RMSD(0 Bias(*> SD(*) RMSD(‘) Bias(*) SD(*) RMSDtO

1 I -2*5 3-1 4 0 -2 -9 3*2 4-4 1-8 2-2 2-9 0-6 0-8 1-1
2 -2 -5 3*2 4 0 - 2 - 9 3*2 4-4 1-8 2-3 2-9 0-7 0-9 M
3 -2*5 3-2 4 0 -2 -9 3-2 4-4 1-8 2-2 2-9 0-7 0-9 M
4 -2 -5 3-1 4*0 -2*9 3-2 4-4 1-8 2-3 2-9 0-7 0-9 M

5 -2 -5 3-2 4 0 -2*9 3-2 4-4 I -8 2-2 2-9 0-7 0-9 M

6 -2 -5 3-2 4-0 -2 -9 3-2 4-4 1-7 2-2 2-8 0-6 0-8 M

2 1 -2 -5 3*1 4-0 -2 -9 3-2 4-4 1-8 2-2 2-9 0-7 0-8 M

2 -2 -5 3-2 4 0 -2 -9 3-2 4-4 1-8 2-3 2-9 0-7 0-9 1-1

3 -2 -5 3-2 4 0 -2 -9 3-2 4-4 1-8 2-2 2-9 0-7 0-9 1-1

4 -2 -5 3-1 4 0 -2 -9 3-2 4-4 1-8 2-3 2-9 0-7 0 9 M

5 —2-5 3*2 4 0 -2 -9 3-2 4-4 1-8 2-2 2-9 0-7 0-9 1-1

6 -2*5 3-2 4-0 -2 -9 3-2 4-4 1-7 2-2 2-8 0-6 0-8 M

(1) See paragraph 111.
See footnotes (2), (3) and (4) on Table 18(B).

Simulation study—some summary results
Sm ooth ing  fo r  a typ ical firm s— M L H  341 (Indnstria l p lan t and  steelw ork)

T o ta l deliveries

Table 23(A)

Period 1 (May-June 1969)

Estimator(0 Gate(0 Link 1 (June) Link 2 (May)

Bias(*> SD(3) RMSDtO Bias(“) SD(*) RMSDtO

1 1 -3 -9 18-8 19-1 -6 -5 13-6 14-9

2 -4 -2 19-1 19-7 -6 -8 13-9 15-2

3 -4 -5 20-1 20-4 -7 -1 14-2 15-9

4 -3 -6 17-8 18-1 -6 -1 12-9 14-6

5 -4 -2 19-1 19-7 -6 -8 13-9 15-5

6 -4 -5 20-1 20-7 -7 -4 14-6 16-2

2 1 -3 -9 18-4 18-8 -6 -5 13-3 14-9

2 -^ •2 19-1 19-4 -6 -8 13-9 15-2

3 -4 -5 20-1 20-4 -7*1 14-2 15-9

4 —3-2 17-8 18-1 -6 -1 12-9 14-2

5 -4 -2 19-1 19-7 -6 -8 13-9 15-5

6 20-1 20-7 -7 -4 14-6 16-2

Period 2 (February-March 1970)

Link 1 (March)

BiasC*)

0-6

6-5

1-4

0-6

1-4

1-4

SD(*)

10-5

10-5

11-3

10-5

10-5

11-3

10-5

10-5

11-3

10-2

10-5

11*3

RMSD(«

10-5

10-5

11-3

10-5

10-5

11-3

105

10-5

11-3

10-5

10-5

Link 2 (February)

Bias(*> RMSDf*)

10-5

9-9

10-2

4 0 9-9

10-5

4 0

4 0

11-3 10-2

(1) See paragraph 111.
S ^  footnotes (2), (3) and (4) on Table 18(B).
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9.9
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9-9
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Simulation study—some summary results
Smoothing for atypical firms—M LH 341 (Industrial plant and steelwork)

Orders on hand

Table 23(B)

Period 1 (May-June 1969)

Estimator(9 Gate(9 Link 1 (June) Link 2 (Ma■y) Lirik 1 (March) Link: 2 (Februlary)

Bias(2) SD(=») RMSD(*> Bias(>) SD(«) RMSD(0 Bias(2) SD(®) RMSDC9 Bias(“) SD(«) RMSD( )̂

1 1 -16-3 19-4 25-4 -10-3 12-2 15-8 50 71 8-8 1-7 50 5-5

2 -16-3 19-4 25-4 -10-3 120 15-8 50 7-1 8-6 1-7 50 5-2

3 -16-3 19-4 25-4 -10*3 120 15-8 50 7*1 8*6 1-7 50 5-2

4 -16-3 19-4 25-4 -10-3 120 15-8 50 7-1 8-6 1-7 50 5*2

5 -16-3 19-4 25-4 -10-3 12-0 15-8 50 7-1 8-6 1-7 50 5*2

6 -16-3 19-4 25-4 -10*3 120 15-8 4-5 6-9 8-3 1-4 50 5*2

2 1 -16-3 19-4 25-4 -10-3 12-2 15-8 50 7-1 8-8 1-9 50 5*5

2 -16*3 19-4 25-4 -10*3 120 15-8 5-0 7-1 8-6 1-7 50 5*2

3 -16*3 19-4 25-4 -10-3 120 15*8 50 7-1 8-6 1*7 50 5*2

4 -16-3 19-4 25-4 -10-3 120 15-8 50 7-1 8-6 1-7 50 5*2

5 -16-3 19*4 25-4 -10-3 12*0 15-8 50 7-1 8*6 1-7 50 5-2

6 -16-3 19-4 25-4 -10-3 120 15-8 4-5 6-9 8*3 1-4 50 5*2

Period 2 (February-March 1970)

(1) See paragraph 111.
See footnotes (2), (3) and (4) on Table 18(B).

responding unadjusted estimates is possible, those estimates 
obtained are extremely poor.

118 An attempt was made to validate some aspects of the 
simulation study by treating sets of 100 estimates in the 
sequence obtained as a time series and estimating auto- 
correlations, spectral functions and cross-spectra. These 
indicated no evidence of periodicity in the simulations 
or of correlations between estimates obtained using 
differing sets of random numbers. These tests were not 
conducted on the random numbers themselves but only on 
the estimates.

tion for both the bimodality and the greater amplitude of the 
higher mode at second link may be suggested. If  a single 
firm, with probability of about 0-5 of selection at first link 
and of about 0-75 at second link, dominates the estimates 
in the sense of causing a substantial shift in the mean value 
by its presence, this factor operating alone could explain 
the unusual shape of the distribution. The presence of such a 
dominant respondent could not be verified. A procedure 
for guarding against such occurrences is to ensure that very 
large respondents are encouraged to respond as early as 
possible. A move in this direction, by the identification and 
follow-up of such ‘key respondents’ is described by A. D. 
Cunningham [4].

119 Further work in this area brought to light one un
expected result. An examination of the sampling distribu
tion of the estimators indicated some evidence of bimodality. 
Figure 2 presents two histosplines constructed for the first 
and second link estimates using estimator 1 (ratio, lag 1, 
fixed) on the first simulation run. These histosplines are 
smoothed versions of histograms of the distributions. 
(See L. I. Boneva et al. [3]). Some caution must be exercised 
in interpreting this apparent bimodality. All of the distri
butions examined showed evidence of polymodality although 
the situation was not always as clearcut as in the diagrams 
presented. The extreme nature of the distributions shown 
suggests that this represents some genuine artefact of the 
selection mechanism under examination. A possible explana-

Concluding remarks
120 Few firm conclusions can be drawn from the simula
tion exercise. Some results do emerge which, taken together 
with results from other parts of the study, contribute 
towards an appreciation of various properties of the 
estimators considered. These results include an estimate 
of the root mean square error of estimators which may be 
as large as 10 per cent of the datum values. The simulation 
study provided no evidence that a regression estimator 
was preferable to the current ratio type estimator. The use 
of the incomplete data on the measurement of this auxiliary 
variable (i.e. the lagged total) was shown to have a marked 
effect on the variability of estimates and appeared to indicate 
an advantage in using a ratio estimator with a three period
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Sim u la tion  study  -  H isto sp lin e so f  sam pling d istribution

First run -  Estimator 1, Ratio Lag 1, Fixed T -1

First link (March 1970)

Estimated total deliveries (C million)

lag but this needs to be qualified by the comments made 
in paragraphs 111-112.

121 The interpretation of all these results is affected by 
the fact that they result from a sampling exercise. The 
figures quoted for characteristics of sampling distributions 
of estimators (bias, standard deviation, rmse etc.) are 
estimates and consequently are subject to sampling error. 
Formal significance tests of differences between values 
obtained using different estimators were not carried out. 
No assessment of the precision of these estimated character
istics was obtained. This will be affected by both sample 
size and the appropriateness of the model used in the 
simulation process.

122 Aside from results relevant to the enquiry, some 
valuable experience on the usefulness of simulation proced
ures in studies of this nature was gained. A simulation 
exercise requires a substantial investment of resources and 
planning in order to yield optimal returns. In retrospect 
it is apparent that more careful consideration should have 
been given to the design of the simulations undertaken. 
Consideration of aspects of experimental design was 
limited by the short time period during which the study was 
planned and undertaken. A useful survey of the problems 
involved in designing and conducting simulation studies 
may be found in the report of the Symposium on the Design
40

Eslimated total deliveries (C million)

of Computer Experiments held at Duke University in 1968 
[6]. Workers planning similar reliability studies who 
contemplate the use of computer simulations would be 
well advised to allow a substantial period of time for the 
planning of the study.

123 A carefully designed computer program permits 
flexibility in the examination of a wide range of possible 
options. A sequential approach is often likely to be approp
riate as was the case in this study, and is facilitated by such 
flexibility. A closer examination of the criteria upon 
which choices amongst estimators are made would be 
valuable. These criteria should be related to the purposes 
to which the estimates are ultimately put. Further study of 
these criteria would be a valuable preliminary to any more 
work in this area.

E Effect of changing mode of selection
Effect o f cumulating sample
124 Early in the investigation it was decided to examine 
whether the proportional change from month to month 
in total deliveries for individual respondents was related 
in any way to the reported level of total deliveries. Res
pondents were allocated to twenty size groups for each 
Order and for each consecutive pair of months in 1969. 
Any one respondent was not necessarily placed in the same 
size group in all months considered; most movement of
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respondents was between adjacent size groups. The alloca
tion to size groups in each case was determined by the level 
of total deliveries reported in the earlier month of the pair. 
A description of the size groups is given in paragraph 64. 
The numbers of respondents in the various groups differed 
quite considerably and in some cases were very small. 
The cumulated distributions for each Order and period were 
obtained by cumulating both from the smallest respondents 
to the largest and from the largest to the smallest. The results 
of these calculations are presented in Table 24.

125 One fact which is apparent from this table is that in 
both Orders and in virtually every month the very largest 
units showed a rate of change from month to month which 
was less than that exhibited by the combined returns for 
all other respondents. Little importance can be attached to 
this result taken alone. One result of the classification used 
is that reporting units may be moved into the largest size 
group by a large increase in total deliveries in one month 
(the increase being attributed to a lower group) while a 
return to the normal level in the following month is attrib
uted to the higher group. Effects of this nature are also 
noticeable at the lower end of the scale where relatively 
large increases are recorded for the smallest respondents. 
These calculations take no account of the stratified structure 
of the data. While no firm conclusions can be drawn from 
these results it was considered worthwhile to examine 
further the contributions of respondents of different sizes 
to the overall estimates obtained from the samples.

Effect o f omitting firms below specified sizes 
126 In view of the apparently small contribution in Table 
24 of individual respondents in the smaller size groups the 
effects of excluding the latter from the sample were studied. 
The respondents for each month of the calendar year 
1969 were rearranged into three strata based on total 
annual deliveries for 1969. These strata have almost the 
same boundaries as those described earlier. Stratum 1 in 
this part of the study consists of those respondents with 
total deliveries of less than £240,000; stratum 2 of those 
with total deliveries of between £240,000 and £960,000 and 
stratum 3 of those with total deliveries in excess of £960,000. 
The discrepancy between these strata boundaries and those 
used for the calculation of monthly indexes results from 
the need to work with grouped data. Estimates of monthly 
links were obtained by combining strata sample values as 
described in Part I but using weights calculated from the 
observed number of respondents in each month rather than 
constant ‘ideal’ weights.

127 Three estimates were made of the month to month 
change in total deliveries for each month of the year for 
each Order (the link relative). One estimate was based on 
all the returns available, a second was based on the returns 
of respondents in the second and third strata only and a 
final estimate was based on the returns of respondents in 
the largest stratum only. The results of these calculations 
are presented in Table 25.

128 In the Instrument and Electrical engineering Orders 
the respondents in stratum 1 have a negligible effect on

• !
•

« .

the calculated link relative. Indeed, in these Orders the 
numerical effect of using returns of stratum 3 alone appears 
to be small compared with the likely magnitude of errors 
discussed elsewhere in this report. For the Mechanical 
engineering Order the result is not so clearcut; whereas 
the effect of dropping stratum 1 is to produce changes of 
the order of one percentage point, changes of nearly twice 
this magnitude are occasionally observed when stratum 3 
is used alone.

129 A more detailed analysis of the effect of excluding 
respondents reporting low levels of total deliveries was made 
on a basis involving assumptions which are less than 
completely satisfactory. The results of this analysis are 
presented in Table 26. Here respondents in groups of 
successively larger size were excluded from the calculations 
starting from the smallest size group. The groups employed 
are the same as those in Table 24 but now respondents were 
grouped into the three strata used above. The total values 
for the three strata were combined with the constant weights 
10, 5 and 1 used in the index of production although the 
correct weights will change as successive size groups are 
omitted. The correct weights are unlikely to change rapidly 
with the changing definition of the population studied and 
there seemed insufficient justification in the limited time 
available for the extra calculations involved in changing 
the weights at each stage.

130 The figures given for ‘All respondents* for each 
Order for each month of 1969 are comparable with the ‘All 
respondents’ data in Table 24; any differences result solely 
from the stratification of respondents and the use of 
modified weights. For the Instrument and Electrical en
gineering Orders the difference between the ratios so 
obtained is never greater than one percentage point so it 
would appear that in this Order the effects of reallocation 
are relatively slight. In Mechanical engineering the effects 
of reallocation are rather more substantial; changes of the 
order of four percentage points are observed for some months.

131 The results presented in Table 26 confirm the im
pressions given by the results in Table 25. The lowest size 
level of respondents included in the enquiry could be quite 
large without affecting the numerical results obtained here 
to any appreciable extent. Table 26 also shows that the 
same conclusions apply to the first six months of 1970. 
The reduction in the number of respondents in each 
group during the last few months of the table arises because 
the tabulations on which these computations are based 
were produced before all responses for these periods had 
been received.

Conclusions on mode o f selection
132 The analysis of this section is based entirely on the 
ratio estimator of lag 1 corresponding to the link relative 
described in Part I. The results presented in sections C and 
D above suggest that none of the guides studied there gives 
a notable preference to any alternative estimator. In the 
absence of strong evidence in favour of another estimator 
there is a natural inclination to continue with a  familiar 
one. Apart from the continuity so obtained there is the
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Ratios of cumulative total deliveries over twenty size groups
Mechanical engineering 1969

(Cumulated from smallest respondents, in earlier month, to largest)

Table 24(A)

**. ■

t

Size
group(')

February/January March/February April/Miirch May/A]pril June/May July/June

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

1 56 2-664 67 2-646 56 1-707 62 2-877 70 5-755 58 2-299
2 80 2-111 90 1-962 77 1-536 88 1-921 89 3-874 76 1-647
3 102 1-920 103 1-797 88 1-477 103 1-802 103 3-058 94 1-316
4 140 1-463 148 2-054 122 1-326 138 1-536 136 2-080 126 1-634
5 170 1-439 175 1-787 151 1-218 170 1-514 169 1-788 163 1-633
6 197 1-307 204 1-616 177 1-185 198 1-465 196 1-683 192 1-565
7 215 1-332 218 1-610 195 1-122 219 1-415 215 1-539 209 1-452
8 253 1-227 251 1-554 235 1-085 250 1-429 247 1-447 239 1-348
9 279 1-197 282 1-475 254 1-052 276 1-314 272 1-461 259 1-363

10 313 1-147 320 1-394 280 1-045 310 1-226 300 1-348 283 1-359
11 345 1-112 347 1-397 312 0-986 337 1-248 326 1-332 312 1-253
12 371 1-128 370 1-424 340 0-929 365 1-216 355 1-293 344 1-184
13 400 1-109 400 1-368 370 0-942 393 1-190 381 1-233 373 1-128
14 433 1-097 431 1-307 395 0-958 423 1-152 407 1-211 401 1-068
15 453 1-082 457 1-292 427 0-971 439 1-148 435 1-175 428 1-033
16 490 1-073 490 1-237 462 0-969 477 1-169 465 1-109 457 1-006
17 524 1-055 523 1 -229 492 0-962 506 1-167 496 1-096 496 0-987
18 539 1-043 542 1-207 515 0-951 524 1-137 518 1-074 514 0-986
19 555 1-036 560 1-187 542 0-930 548 1-121 544 1-073 542 0-967
20 589 1-003 590 1-153 580 0-876 580 1-097 581 1-027 581 0-930

iKi (1) Defined in paragraph 64.

i*.M

Ratios of cumulative total deliveries over twenty size groups
Mechanical engineering 1969

(Cumulated from largest respondents, in earlier month, to smallest)

Table 24(B)

Size
groups

February/January March/February April/March May/April

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

34 0-939 30 1-080 38 0-780 32 1-043
50 0-950 48 1-077 65 0-797 56 1-048
65 0-950 67 1-077 88 0-812 74 1-035
99 0-959 100 I-lOO 118 0-829 103 1-054

136 0-970 133 1-093 153 0-843 141 1-077
156 0-972 159 1-103 185 0-856 157 1-079
189 0-978 190 1-103 210 0-863 187 1-075
218 0-981 220 1-107 240 0-868 215 1-076
244 0-988 243 1-120 268 0-864 243. 1-077
276 0-989 270 1-128 300 0-863 270 1-084
310 0-989 308 1-130 326 0-866 304 1-082
336 0-991 339 1-133 345 0-867 330 1-080
374 0-992 372 1-137 385 0-869 361 1-085
392 0-995 386 1-140 403 0-869 382 1-086
419 0-995 415 1-141 429 0-871 410 1-089
449 0-997 442 1-141 458 0-872 442 1-092
487 0-997 487 1149 492 0-873 477 1-093
509 0-999 500 1-149 503 0-874 492 1-093
533 1-000 523 1-149 524 0-875 518 1-093
589 1-003 590 1-153 580 0-876 580 1-097

June/May July/June

No. of 
respondents

0-947 
0-979 
0-978 
0-988 
0-977 
0-980 
0-988 
0-988 
0-995 

002 
002 
009 
012 
012 
015
017
018 
018 
019 
027

1
1

1
1
1

' No. of 
respondents Ratio

39 0-863
67 0-872
85 0-885

124 0-893
153 0-894
180 0-894
208 0-891
237 0-894
269 0-897
298 0-899
322 0-906
342 0-912
372 0-914
389 0-914
418 0-918
455 0-923
487 0-928
505 0-928
523 0-928
581 0-930

(1) Defined in paragraph 64.
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Its Ratio

0-863
0-872
0-885
0-893
0-894
0-894
0-891
0-894
0-891
0-899
0-906
0-912
0-914
0-914
0-918
0-923
0-928
0-928
0-928
0-930

Ratios of cumulative total deliveries over twenty size groups
Mechanical engineering 1969

(Cumulated from smallest respondents, in earlier month, to largest)

Table 24(A) (continued)

Ratios of cumulative total deliveries over twenty size groups
Mechanical engineering 1969

(Cumulated from largest respondents, in earlier month, to smallest)

Table 24(B) (continued)

r s 's
V . 1

August/July September/AiJgU St October/September November/October December/November
Size

groupCONo. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

60 1-496 63 9-685 53 5-011 48 1-499 48 5-380 1
88 1-735 84 5-715 76 3-279 67 1-447 65 3-400 2

104 4-751 118 3-423 92 2-522 89 1-683 84 2-680 3
129 3-140 153 2-652 124 2-269 121 1-490 114 2-119 4
158 2-295 186 2-312 152 1-879 143 1-444 142 1-756 5
178 1-936 210 2-105 186 1-631 169 1-332 173 1-585 6
199 1-699 224 2-028 201 1-638 192 1-210 199 1-514 7
225 1-533 252 1-861 232 1-491 224 1-176 225 1-560 8
248 1-356 274 1-738 249 1-428 243 1-146 248 1-543 9
287 1-234 309 1-685 278 1-318 275 1-129 285 1-453 10
325 1-154 348 1-577 309 1-320 303 1-076 312 1-463 11
362 1-072 383 1-555 337 1-334 332 1-028 345 1-423 12
397 1-042 417 1-512 373 1-342 371 1-029 372 1-394 13
416 1-023 441 1-475 394 1-299 401 1-009 396 1-337 14
439 1-004 455 1-433 416 1-246 415 0-996 421 1-293 15
469 0-980 482 1-459 456 1-172 449 0-988 457 1-229 16
508 0-962 515 1-337 494 1-163 479 0-977 477 1-232 17
518 0-948 535 1-313 507 1-149 502 0-983 500 1-202 18
545 0-934 552 1-312 528 I-IIO 524 0-959 517 1-163 19
577 0-907 579 1-213 571 1-020 564 0-991 556 1-135 20

August/July September/August October/September
1

November/October December/November
Size

grouptONo. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

32 0-850 27 0-895 43 0-885 40 1-044 39 1-095 2059 0-861 44 1-071 64 0-893 62 1-001 56 1-068 1969 0-855 64 1-092 77 0-906 85 1-002 79 1-067 18108 0-866 97 1-066 115 0-944 115 0-993 99 1-085 17138 0-868 124 1-118 155 0-947 149 0-990 135 1-078 16161 0-870 138 I-1I6 177 0-949 163 0-986 160 1-080 15180 0-872 162 1-126 198 0-952 193 0-983 184 1-080 14215 0-876 196 1-142 234 0-976 232 0-986 211 1-088 13252 0-875 231 1-159 262 0-989 261 0-983 244 1-097 12290 0-878 270 1-167 293 0-998 289 0-981 271 1-107 11329 0-882 305 1-178 322 0-999 321 0-983 308 1-111 10352 0-881 327 1-180 339 1-000 340 0-984 331 1-116 9378 0-884 355 1-184 370 1-002 372 0-985 357 1-123 8399 0-884 369 1-186 385 1-006 395 0-984 383 1-124 7419 0-885 393 1-188 419 1-007 421 0-985 414 1-126 6448 0-886 426 1-193 447 1-009 443 0-987 442 1-126 5473 0-886 461 1-196 479 1-013 475 0-988 472 1-128 4489 0-904 495 1-196 495 1-014 497 0-990 491 1-129 3517 0-906 516 1-197 518 1-015 516 0-991 508 1-129 2577 0-907 579 1-213 571 1-020 564 0-991 556 1-135 1

43
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Ratios of cumulative total deliveries over twenty size groups
Electrical and Instrument engineering 1969

(Cumulated from smallest respondents, in earlier month, to largest)

Table 24(C)

4

Size
group(^)

February/January March/Fet^ruary Aprii/Mjirch May/April June/May July/June
No. of 

respondents Ratio
No. of 

respondents Ratio
No. of 

respondents Ratio
No. of 

respondents Ratio
No. of 

respondents Ratio
No. of 

respondents Ratio
1 38 0-942 43 4-906 38 17-485 35 1-063 41 6-868 34 6-0402 46 1-135 49 3-482 45 10-463 43 1-078 48 4-917 39 4-653
3 56 1-073 66 2-183 55 6-064 54 1-100 58 3-364 51 2-713
4 70 1-050 76 2-110 69 3-656 67 1-081 71 2-444 66 1 -9115 82 0-974 86 1-853 78 2-990 81 1-054 84 1-912 80 1 -5726 97 0-991 97 1-693 92 2-460 92 1-122 94 1-677 95 1 -4697 104 1-084 106 1-609 100 2-162 101 1-130 102 1-528 99 1 -406
8 125 1-070 128 1-385 117 1-753 117 1-139 117 1-409 118 1 -3459 142 1 -045 141 1-361 129 1-555 139 1-141 137 1-253 133 1 '324

10 159 1-018 163 1-247 156 1-294 160 1-265 160 1-142 153 1 -28411 176 1-004 186 1-211 176 1-204 180 1-198 181 1-097 175 1-207
12 204 1-062 212 1-282 193 1-151 207 1-151 203 1-146 199 1-131
13 231 1-057 237 1-270 215 I-IOI 241 1-152 230 1-127 222 1 -084
14 246 1-015 250 1-238 232 1-047 256 1-166 249 1-106 247 1 -079
15 260 1-034 260 1-212 245 1-030 267 1-149 261 1-103 259 1-063
16 282 1-012 289 1-188 276 1-003 290 1-130 288 1-070 281 1 -032
17 308 0-987 317 1-202 300 0-981 317 1-085 313 1-058 305 1 -018
18 326 0-964 330 1-189 316 0-957 332 1-082 331 1-067 325 0-984
19 338 0-960 345 1-184 332 0-907 343 1-083 341 1-056 338 0-970
20 385 0-950 386 1-175 383 0-886 386 1-063 385 1-031 383 0-971

L«lf *• (1) Defined in paragraph 64.
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Ratios of cumulative total deliveries over twenty size groups
Electrical and Instrument engineering 1969

(Cumulated from largest respondents, in earlier month, to smallest)
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Size
groupCO

February/January March/February April/March May/April June/May July/June

No. of 1 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of
respondents Ratio

20 47 0-944 41 1-169 51 0-873 43 1-050 44 1-016 45 0-972
19 59 0-944 56 1-168 67 0-856 54 1-053 54 1-014 58 0-966
18 77 0-937 69 1-164 83 0-855 69 1-054 72 1-021 78 0-956
17 103 0-935 97 1-172 107 0-859 96 1-045 97 1021 102 0-957
16 125 0-935 126 1-169 138 0-864 119 1-046 124 1-019 124 0-956
15 139 0-941 136 1-165 151 0-866 130 1-046 136 1-020 136 0-955
14 154 0-940 149 1-163 168 0-865 145 1051 155 1-020 161 0-959
13 181 0-941 174 1-165 190 0-868 179 1 -055 182 1-022 184 0-959
12 209 0-947 200 1-173 207 0-869 206 1-055 204 1-027 208 0-959
11 226 0-948 223 1-172 227 0-871 226 1-054 225 1-027 230 0-960
10 243 0-948 245 1-170 254 0-872 247 1-061 248 1-026 250 0-963
9 260 0-948 258 1-171 266 0-872 269 1-062 268 1-025 265 0-965
8 281 0-949 280 1-170 283 0-873 285 1-062 283 1-026 284 0-967
7 288 0-950 289 1•171 291 0-873 294 1-062 291 1-026 288 0-967
6 303 0-950 300 1•171 305 0-875 305 1-063 301 1-026 303 0-968
5 315 0-950 310 1•171 314 0-876 319 1-063 314 1-026 317 0-968
4 329 0-950 320 1•172 328 0-876 332 1-063 327 1-026 332 0-968
3 339 0-950 337 1•172 338 0-877 343 1-063 337 1-026 344 0-968
2 347 0-950 343 1•172 345 0-877 351 1-063 344 1-027 349 0-968
1 385 0-950 386 1•175 383 0-886 386 1-063 385 1-031 383 0-971

(1) Defined in paragraph 64.
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Its Ratio

0-972 
0-966 
0-956 
0-957 
0-956 
0-955 
0-959 
0-959 
0-959 
0-960 
0-963 
0-965 
0-967 
0-967 
0-96S 
0-968 
0-968 
0-968 
0-968
0-971

Ratios of cumulative total deliveries over twenty size groups
Electrical and Instrument engineering 1969

(Cumulated from smallest respondents, in earlier month, to largest)

Table 24(C) (continued)

Ratios of cumulative total deliveries over twenty size groups
Electrical and Instrument engineering 1969

(Cumulated from largest respondents, in earlier month, to smallest)

Table 24(D) (continued)
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August/July September/August October/September November/Oc!tober December/November
Size

group(0No. of 
respondents Ratio

No. of 
respondents

1

Ratio
No. of 

respondents Ratio
No. of 

respondents Ratio
No. of 

respondents Ratio

36 1-284 37 5-275 33 2-267 35 3-546 36 2-485 1
42 1-134 47 7-587 42 1-920 44 2-483 44 1-957 2
50 1-000 56 5-264 50 1-622 53 1-829 55 1-523 3
63 1-041 69 3-750 64 1-392 64 1-580 64 1 -370 4
75 1-036 83 2-784 74 1-322 75 1-367 74 1-225 5
86 1-041 95 2-330 84 1-366 84 1-271 82 1-197 6
94 1017 107 2-054 91 1-289 92 1-265 93 1-274 7

113 1-010 126 1-934 107 1-247 105 1-176 117 1-179 8
132 0-992 148 1-867 127 1-200 120 1-109 128 1-161 9
157 1-004 175 1-656 144 1-199 133 1-141 147 1-181 10
174 1-023 194 1-560 168 1-213 160 1-053 170 1-145 11
198 0-990 221 1-483 192 1-243 181 1-019 190 1-151 12
226 0-973 247 1-438 215 1-189 207 1-022 212 1-150 13
246 0-931 262 1-421 232 1-160 235 I-OOl 233 1-125 14
263 0-911 272 1-413 245 1-124 251 0-985 247 1-076 15
284 0-920 295 1-425 269 1-099 269 1-008 272 1-060 16
311 0-920 317 1-367 291 1-064 292 0-993 292 1-051 17
326 0-906 332 1-360 311 1-056 311 0-990 311 1-052 18
341 0-909 341 1-342 325 1-048 328 0-992 326 1-039 19
381 0-880 379 1-278 375 1-035

1

375 0-945 374 1-023 20

August/Jul;y September/August October/September November/October December/N o vember
Size

group(0No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

No. of 
respondents Ratio

40 0-862 38 1-237 50 1-029 47 0-921 48 1-015 20
55 0-868 47 1-235 64 1-027 64 0-928 63 1011 19
70 0-865 62 1-242 84 1-027 83 0-931 82 1-015 18
97 0-870 84 1-236 106 1-022 106 0-932 102 1-015 17

118 . 0-874 107 1-250 130 1-022 124 0-939 127 1-015 16
135 0-872 117 1-252 143 1-020 140 0-938 141 1-010 15
155 0-869 132 1-254 160 1-021 168 0-938 162 I-OII 14
183 0-871 158 1-256 183 1-021 194 0-941 184 1-014 13
207 0-872 185 1-258 207 1-027 215 0-940 204 1017 12
224 0-875 204 1-257 231 1030 242 0-940 227 1-018 11
249 0-877 231 1-258 248 1-032 255 0-942 246 1-020 10268 0-878 253 1-263 268 1-032 270 0-942 257 1-020 9287 0-879 272 1-267 284 1-033 283 0-942 281 1-021 8295 0-879 284 1-267 291 1-033 291 0-943 292 1-022 7306 0-879 296 1-267 301 1-034 300 0-943 300 1-022 6318 0-880 310 1-267 311 1-034 311 0-943 310 1-022 5331 0-880 323 1-268 325 1-034 322 0-943 319 1-022 4339 0-880 332 1-268 333 1-034 331 0-943 330 1-022 3345 0-880 342 1-274 342 1-035 340 0-944 338 1-022 2381 0-880 379 1-278 375 1-035 375 0-945 374 1-023 1

t
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Table 25

4 6

Effects of excluding certain strata

A. Mechanical engineering 1969
Month All strata Strata 2 and 3 Stratum 3 alone

No. of 
respondents Link

No. of 
respondents Link

No. of 
respondents Link

February 588 0-9864 504 1-0046 358 1-0093
March 588 1-1718 502 1-1727 358 1-1548
April 580 0-8713 499 0-8681 360 0-8741
May 583 1-0871 499 1-0988 360 1-0980
June 571 I -0273 499 1 -0254 363 1-0258
July 576 0-9360 497 0-9402 362 0-9255
August 568 0-8991 491 0-8972 356 0-9126
September 573 1■2207 494 I -2236 359 1-2143
October 568 1-0219 489 1-0195 351 1-0068
November 566 0-9828 489 0■9827 347 0-9990
December 561 1-1214 487 1-1302 347 1•1432

Stratum weights: Stratum 1 13 0
Stratum 2 5-0 
Stratum 3 1-6

B. Electrical and Instrument engineering 1969

Month All strata Strata 2 and 3 Stratum 3 alone

No. of 
respondents Link

No. of 
respondents Link

No. of 
respondents Link

February 374 0-9469 329 0■9472 261 0-9481

March 375 1-1740 329 1-1764 261 1-1752

April 376 0-8831 331 0■8820 265 0-8805

May 378 1-0625 333 I -0630 267 1-0671

June 379 1-0307 334 I -0298 268 1-0300

July 377 0-9763 332 0■9768 268 0-9704

August 379 0-8776 335 0 - 8769 270 0-8771

September 378 1-2630 334 1-2641 269 I -2711

October 375 1-0247 331 1 - 0243 266 1■0203

November 376 0-9629 332 0-9602 266 0-9651

December 375 1 0277 331 1-0282 265 1-0289

Stratum weights: Stratum I 8-8
Stratum 2 4-7 
Stratum 3 1-4
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Effects of excluding certain reporting units
Mechanical engineering

Table 26(A)

All respomJents All with any 
deliveries in 1969

Deliveries 
£120,000 ii

over 
1 1969

Deliveries over 
£240,000 in 1969

Deliveries over 
£360,000 in 1969

Deliveries 
£600,000 ir

over 
1 1969

No. of 
respondents Link

No. of 
respondents Link

No. of 
respondents Link

No. of 
respondents Link

No. of 
respondents Link

No. of 
respondents Link

1969 February 588 10015 587 1-0015 539 1-0041 504 1-0096 467 1-0099 405 1-0158
March 588 1-2038 585 1-2038 537 1-2080 502 I - 2093 465 1-1973 404 1-1851
April 580 0-8280 580 0- 8280 532 0-8240 499 0-8212 464 0-8205 405 0-8313
May 583 1-1222 581 1-1222, 532 I -1272 499 1-1313 464 1-1346 406 1-1177
June 581 1-0426 581 10426 532 1-0422 499 1-0386 465 1-0359 408 1-0409
July 576 0-9301 576 0-9301 530 0-9305 497 0-9339 462 0 - 9323 406 0-9162
August 568 0-8747 568 0-8747 523 0 - 8770 491 0-8733 458 0-8750 401 0-8950
September 573 1-2563 573 1-2563 526 1-2583 494 1-2603 460 1-2598 404 1-2381
October 568 1-0139 568 1-0139 522 1-0139 489 1-0129 453 1-0128 396 1-0090
November 566 0-9759 566 0-9759 522 0-9756 458 0-9741 452 0-9737 393 0-9839
December 561 1-1418 561 1-1418 519 1-1522 487 I -1587 451 1-1562 393 1-1614

1970 January 554 0-8297 554 0-8297 513 0-8238 481 0-8206 444 0-8271 387 0-8260
February 560 1-0304 556 1-0293 513 1-0333 481 1-0319 443 I -0298 385 1-0267
March 556 1•2329 550 1-2328 507 1-2350 474 1-2381 438 1 -2273 380 1-2146
April 545 0-8529 541 0-8498 497 0-8451 465 0-8407

I

430
1

0-8443 375 0-8479
May 547 0-9832 540 0-9838 495 0-9883 464 0-9922 426 0-9854 371 0-9879
June 538 1-1504 529 1-1541 486 1-1530 455 M525 417 1-1460 361 1-1383

Stratum weights: Stratum I 10
Stratum 2 5
Stratum 3 1

advantage that the ratio estimator may be understood and 
accepted by most users.

133 The results above suggest that the respondents in the 
smaller size groups had a relatively slight effect on the 
overall estimate of the link relative for total deliveries. An 
indication of this is seen in Tables 24(B) and 24(D) although 
conclusions based on these data need to be qualified because 
the stratified structure of the sample was ignored. The 
results given in Tables 25 and 26 confirm this impression 
and lead to the conclusion that estimates would be little 
affected were the smaller respondents excluded from the 
sample.

F : Industry and product link relatives
135 As mentioned in Part I, the quarterly indexes of 
production for the Engineering Orders were obtained using 
link ratios at MLH level calculated from all reported 
deliveries under appropriate product groups whether these 
were principal products of the reporting unit or not. This 
method of calculating the link relatives is known as the 
method of product based linkrelatives. It should be remarked 
here that such an index is not comparable with an index 
using product-flow indicators. Reference to the enquiry 
forms in Appendix A will show that the detailed disaggre
gated information required for product-flow indicators is 
not obtainable from the KS/Eng. enquiry.

134 The effects of the discrepancies between the actual 
and supposed relative weights for the three strata are 
discussed in section A. The results of reweighting may be 
seen by comparing the corresponding entries in Tables 
25 and 26. This comparison reinforces the view that the 
correct allocation of respondents to strata should be con
stantly reviewed.

136 An alternative procedure would be to calculate the 
so-called industry based MLH link relatives from the total 
value of all deliveries by reporting units in each MLH 
industry whether the products delivered belonged to the 
industry or not. Here reporting units are defined as belonging 
to an MLH industry if their principal products belong to 
that industry. Each approach requires different weights for

47
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Table 26(B)

Effects of excluding certain reporting units 
Electrical and Instrument engineering

Stratum weights: Stratum 1 10
Stratum 2 5
Stratum 3 I

All respondents All with any 
deliveries in 1969

Deliveries over 
£120,000 in 1969

Deliveries over 
£240,000 in 1969

Deliveries over 
£360,000 in 1969

Deliveries over 
£600,000 in 1969

No. of 
respondents Link

No. of 
respondents Link

No. of 
respondents Link

No. of 
respondents Link

No. of 
respondents Link

No. of 
respondents Link

1969 February 374 0•9490 373 0■9490 349 0-9489 329 0-9491 319 0■9497 293 0-9511
March 375 1-1658 374 (-1658 349 1-1679 329 1-1690 320 1-1696 294 1-1667
April 376 0-8880 376 0-8880 350 0-8866 331 0-8859 322 0-8852 297 0-8862
May 378 I -0634 378 1-0634 352 i-0635 333 1-0645 324 1-0653 299 I -0666
June 379 1-0226 379 I -0226 353 1-0224 334 1-0212 325 I-02II 300 1-0225
July 377 0 - 9794 377 0-9794 351 0 - 9796 332 0 - 9803 323 0-9789 299 0-976!
August 379 0-8815 379 0-8815 354 0-8807 335 0-8803 325 0-8811 301 0-8801
September 378 1-2510 378 1-2510 353 1-2511 334 1-2535 324 1-2544 300 1-2588
October 375 1-0267 375 1-0267 350 1-0263 331 1-0253 321 1-0240 297 1-0240

November 376 0-9640 376 0-9640 351 0-9645 332 0-9631 322 0 ■ 9632 297 0-9640

December 375 1-0232 375 I -0232 350 1-0238 331 I ■0239 321 1-0251 296 I ■0239

1970 January 374 0-8640 374 0-8640 347 0 - 8629 329 0-8616 318 0-8606 295 0-8608

February 369 1-0343 367 1-0344 340 1-0344 322 1-0343 313 1-0341 288 1-0348

March 363 I •2299 359 1-2271 332 1 - 2278 315 1-2318 305 1 - 2342 283 1-2367

April 352 0-8314 352 0-8308 323 0-8296 304 0■8273 294 0-8255 272 0-8226

May 347 0-9768 342 0-9761 316 0-9765 298 0 - 9773 288 0-9784 267 0-9799

June 345 I -1508| 339 I -1525 310 1-1528 296 1-1529 286 1-1522 265 1-1549
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each MLH component in the index number formula; one 
set of weights would be calculated on a product basis and 
the other on an industry basis. As the latter set of weights 
was not available a comparison of the two approaches 
was made using the MLH weighting of the then existing 
index number.

137 In each case the published index for each MLH in 
the first quarter of 1969 was taken as a datum and used to 
calculate an index for each Order. Link relatives were then 
calculated from the combined quarterly and quarterly 
equivalent sample data for each MLH on the product and 
on the industry basis for each succeeding quarter. The 
successive products of these link relatives, as described in 
Part I, were then used to give an index for each MLH 
based on 1963 =  100. A common set of weights, based on 
the net output for 1963 on a product definition, were then 
used to combine these MLH indexes to give a single index 
of industrial production for each Order. No adjustment 
for working days or prices was attempted. The differences 
between the two types of index at MLH level were very
48

marked for some industries but not for all. A comparison 
of the indexes for MLH industries with smallest and largest 
weights in each Order is given in Table 27. Within the 
Mechanical and Electrical engineering Orders there was 
little difference between indexes calculated on the two bases 
for MLH industries carrying the larger weights. Notable 
discrepancies were observed for MLH industries carrying 
the smaller weights but these cancelled out leaving little 
effect on the index numbers at Order level. The situation 
differed within the Instrument engineering Order where 
discrepancies were more marked for all MLH industries 
and the effect on the index number at Order level was 
noticeable.

138 A similar exercise was carried out at the Order level 
for a monthly index using the complete monthly sample 
data. The index for the first quarter of 1969 (with 1963 =  
100) was used as a datum and treated as if it were the index 
number for January 1969. Link relatives were calculated 
for the total value of deliveries for each Order for each 
pair of consecutive months on each basis (product and
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Order

VII

VIII

IX

M LH

331

339

351

354

361

366

Description Weight Basis
of

index

Q uarter

First Second Third Fourth

Mechanical engineering

Agricultural machinery 
(except tractors)

29-9 Product
Industry

82-14
82-14

96-15
101-43

80-13
82-32

76-09
84-99

O ther machinery 285-2 Product
Industry

116-23
116-23

118-80
118-91

116-04
116-62

136-33
136-25

Total Order II67-8 Product
Industry

130-51
130-51

135-25
134-93

133-31
132-69

153-98
153-02

Instrument engineering

Photographic and docum ent copying 
equipment

5-0 Product
Industry

156-46
156-46

166-79
200-39

180-07
200-31

279-19
208-53

Scientific and industrial instrum ents and 
systems

92-8 Product
Industry

154-64
154-64

150-89
147-38

152-39
147-04

158-31
155-18

Total Order 107-7 Product
Industry

151-18
151-18

148- 82
149- 87

152-55
150-29

170-03
158-78

Electrical engineering

Electrical machinery 225-3 Product
Industry

128-58
128-58

126- 03
127- 57

129-83
129-34

143- 27
144- 35

Electronic computers 26-0 Product
Industry

387-21
387-21

396-79 
403 - 85

607-32
618-56

527•90 
537-40

Total Order 809-7 Product
Industry

136-51
136-51

135-17
135-80

138-17
137-73

161-36
160-24

industry). These link relatives were then multiplied together, 
as for the quarterly M LH  indexes, to  provide an overall 
monthly index for each month. The stratified structure o f 
the monthly sample was ignored in these calculations. Time 
did not permit the writing o f a  program  to  allow for this 
stratification but it was not thought that the pattern  of 
differences would differ markedly from those given in Table 
28. The difference between the index numbers calculated 
on the two bases was not large for the Mechanical and 
Electrical engineering Orders in any one month. The 
maximum differences observed in each of these Orders were 
2-2 and 4-6 percentage points respectively. The differences 
observed for the Instrum ent engineering Order were larger, 
ranging from 1 -0 to  20-3 percentage points. The differences 
for the former two Orders were persistently in one direction 
with each maximum occurring in December. There is no 
guarantee that these discrepancies would not increase with 
time. Those for the Instrum ent engineering Order appeared 
to  be cyclical but no obvious explanation for that is apparent.

the product or the industry basis. M arked differences are 
to be expected a t the M LH  industry level. This is not true 
for the Instrum ent engineering Order. The qualification 
tha t these conjectures are based on the evidence for 1969 
only should not be forgotten.

G: Summary of results
140 All the results in the study refer to  1969 and, occasion
ally, the first half o f 1970.

139 These results suggest that for the Mechanical and 
Electrical engineering Orders the trends, and variability 
about the trend, may not differ markedly for index numbers 
o f total deliveries calculated a t the Order level on either

Section A
141 An examination o f monthly sample data alone re
vealed a  high m onth to  m onth volatility in variances and a 
tendency for the direction o f change in means to  differ 
among size strata. The nominal and actual sampling 
fractions for the monthly sample diverged in the Mechanical 
engineering Order and possibly also in the Instrum ent and 
Electrical engineering Orders. A comparison o f the 
quarterly values for the complete monthly sample and for 
the ‘population’ indicates that the former was less variable 
and had a lower mean in strata 1 and 2. In some instances 
the divergence between nominal and actual sampling 
fractions compensated for the differences in means to  give
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Product and industry based monthly index numbers

Tabic 28 1963=: 100

Basis of index:

Mechanical engineering

Product Industry

1969

January 130-51 130-51

February 132-62 132-02

March 153-70 152-42

April 133-04 132-93

May 146-90 145-69

June 150-69 149-40

July 138-74 138-53

August 126-58 125-43

September 155-38 154-38

October 157-48 157-22

November 157-87 156-59

December 178-30 176-14

Instrument engineering

Product

15M 8

141-21

167-51

145-33

145-63

156-37

154-17

144-77

165-70

192-76

169-26

153-33

Industry

151-18

140-17

187-83

151-48

152-29

Electrical engineering

Product

136-51

129-93

152-89

132-40

139-91

160-81

159-67

147-90

163-78

178-76

167-14

149-65

147-74

138-48

125-02

163-63

167-77

162-17

172-03

Industry

136-51

128-87

150-13

132-30

139-94

145-67

137-88

122-65

161-40

164-84

158-61

168-59

a nominally weighted stratified sample average close in 
value to the population mean.

142 A tendency was noted for the within strata sample 
variability to increase from first link to the complete 
monthly sample. This was possibly caused by some large 
firms submitting late returns. There was some inconclusive 
evidence that first link strata sample means were biased 
downward. A combination of strata sample means with 
nominal weights using quarterly values indicated that 
the indexes of quarterly change were underestimated by 
the first and last link monthly sample data.

Section B
143 In order to determine the satisfactoriness of the ratio 
estimator implicit in the engineering production indexes, 
the regression relation between the values recorded in 
consecutive months was examined. Two linear regressions, 
with and without an intercept coefficient, were fitted to the 
data for eleven pairs of consecutive months by the method 
of unweighted least squares and compared with an empirical 
regression line based on the means in each of twenty size 
groups. The size groups were defined by the values recorded 
in the earlier of the two months. In most instances all three 
lines were very close. The divergence in the exceptional 
cases was very large. The variance within each size group 
for the later of each pair of months was calculated and found 
to differ markedly between size groups for all eleven months 
considered. No clear pattern was discernable but it seemed 
more sensible to behave as if the variance within each size 
group for one month was proportional to the mean in the 
same group for the previous month. This assumption, 
50

together with a linear relation between group means in 
consecutive months which passes through the origin, will 
favour a ratio estimator. The marked divergence from the 
latter assumption in a few periods suggests that the ratio 
estimator will not always be satisfactory.

Section C
144 A companion exercise to that of Section B sought to 
compare alternative estimators using bias and variance 
formulae appropriate for stratified random sampling. 
The evidence from sections A and B suggests that the 
assumptions required for this approach to be valid are 
not tenabiq. The results quoted need to be interpreted with 
caution.

145 Eight estimators were compared: four ratio estimators 
and four regression estimators. The four within each 
estimator type correspond to two modes of combining 
strata for each of two lags of one and two quarters respective
ly. Approximations to the bias of the ratio estimators were 
calculated for the last two quarters of 1969 and the first 
two quarters of 1970. The values obtained were of negligible 
size. Standard errors were calculated for all eight estimators 
for the same periods with no clearcut evidence in favour 
of any one.

146 The month to month change in the standard error 
of the ratio estimator closest to that used in the engineering 
production indexes is given for the period March 1969 to 
June 1970. The range of these values is 1 - 0 to 3 -2 percentage 
points for Mechanical engineering and 0 ■ 3 to 0 • 6 percentage 
points for Instrument and Electrical engineering. An
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indication is given, with qualifications, of a use that may be 
made of these standard errors to measure reliability. 
An alternative approach to the determination of reliability 
is mentioned.

Section D
147 A simulation study was undertaken to provide further 
information on the relative merits of alternative estimators 
and to investigate the behaviour of preliminary estimates.

148 The complete monthly sample data were treated as a 
population and selection at first and last link was simulated 
for two different periods; June 1969 and March 1970. 
A wide range of ratio and regression type estimators was 
considered together with alternative procedures for com
bining strata and the effects of excluding smaller respondents 
from the sample.

149 While clearcut results did not emerge from this part 
of the study, in terms of mean square error there appeared 
to be some evidence that a ratio estimator lagged two or 
three months might be preferable to the others considered 
when the composition of firms in the Engineering Orders 
was not changing too rapidly. The period covered by the 
study may have been unusual in the small number of 
registry changes made. The combining of strata using weights 
which take account of the response fraction appeared to 
give smaller sampling variability and bias than that using 
the nominal strata weights.

150 One surprising result was the discovery of some 
evidence of bimodality in the sampling distribution of the 
estimators at both links. A possible explanation is the 
existence of a small number of dominant &ms.

151 The comparison of preliminary estimates with those 
based on more complete data was frustrated by an unfortun
ate feature of the design of the study. This is described in 
paragraph 104.

Section E
152 The effect on the ratio estimator of omitting respond
ents with small annual values of total deliveries was exam
ined. Three comparisons were made.

153 In the first the distribution of the complete sample over 
the twenty size groups previously described was cumulated 
twice, once up and once down the distribution. The ratio 
of the cumulated values in each of two consecutive months 
was calculated for each size group in each of eleven pairs 
of months. The stratification of the sample was ignored. 
Respondents in the large size groups were found consistently 
to have a smaller month to month percentage change 
in total deliveries than all other respondents. This was 
partly an artefact of the method of grouping.

154 The second comparison used the stratification by 
annual deliveries and calculated the ratio for consecutive 
months with information from all strata (taken as datum), 
from strata 2 and 3 alone and from stratum 3 alone. The 
numerical effect of using stratum 3 alone appears to be 
small in the Instrument and Electrical engineering Order. 
If stratum 1 is dropped from the Mechanical engineering 
Order a change in the ratio of at most one percentage 
point was found. If only stratum 3 is used in that Order 
the change becomes four percentage points for some 
months.

155 The third comparison repeats the grouped exercise 
above on the stratified data but cumulating down the 
distribution only. Strata were combined in each cumulated 
size group using the nominal weights. The numerical 
values obtained confirm the impression given in the second 
comparison, that firms of moderate to small size could be 
omitted without unduly affecting the value of the stratified 
ratio.

Section F
156 Two alternative modes of calculating the quarterly 
engineering production index were compared: one using 
product based link relatives and the other using industry 
based link relatives. The indexes were obtained from a 
weighted average (using net output weights for 1963) of 
MLH indexes calculated by assigning to each MLH

(a) the total value of all deliveries from firms whose 
principal product belonged to that industry 
(industry based),

(b) the total value of all deliveries classified to that 
industry no matter how the firm is classified 
(product based).

Details of the methods of calculation are given. The 
product based index is not comparable with one using 
product-flow indicators which would require greater 
disaggregated information than was available in the KS/Eng. 
data.

157 In the Mechanical and Electrical engineering Orders 
the two indexes differed little for industries with a large 
net output weight. The total indexes were comparable 
despite marked differences from industries carrying little 
weight. A noticeable effect on the total index and on 
individual MLH indexes was detected for the Instrument 
engineering Order.

158 A similar exercise was undertaken at the Order level 
ignoring the stratification. The maximum difference between 
the product and industry based indexes was 2.2 and 4.6 
percentage points for the Mechanical and Electrical 
engineering Orders respectively. The comparable differences 
for the Instrument engineering Order ranged from 1 to 20 
percentage points.
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Consequences of the Study

General interpretation o f the Study
159 The aims of this study, as explained in Part Ifl, 
were to give an insight into the reliability of the KS/Eng. 
data, and of secondary statistics such as indexes calculated 
from them, and to assist in the planning of the new Engineer
ing Sales Enquiry which was to begin in January 1972. The 
study did not provide perfect guidance on either count but 
perfection cannot be expected in this particular sphere. 
Some features bearing on reliability, made apparent in the 
course of the study, are worthy of comment.

160 A point that cannot be overemphasised is that no 
statistics calculated from the monthly samples (whether 
at first link, last link or complete sample stage) will exactly 
equal the corresponding value for the whole population. 
The interpretation of the deviation between monthly 
sample value and the true population value of a statistic 
may be open to debate but its existence cannot be doubted. 
Attempts have been made in the study to put numerical 
values on the degree of unreliability of certain sample 
statistics and alternative ways have been suggested for 
obtaining numerical assessments of reliability. The values 
quoted are not completely satisfactory but may be used 
as indicators of unreliability.

161 The experience of this study suggests that any attempts 
to determine the reliability of a statistical series derived 
from sample data, such as those of the Comprehensive 
Engineering enquiries, must be a long term exercise; 
preferably part of a continuing monitoring of the series. 
Month to month changes in the variability within the 
samples reflect similar changes in the population as a whole; 
this has some bearing on the reliability of any sample 
statistic. The detection and interpretation of any monthly 
changes in reliability can only be achieved by a detailed 
examination of basic sample data relating to an extended 
period of time. The incidence, effect and treatment of 
phenomena such as the bimodality of the sampling distri
bution reported in section D of Part V can only be deter
mined from a detailed study based on data for a considerable 
number of years. Secular changes in the representativeness 
of the monthly sample can only be deduced from a close 
examination of the basic data on a continuing basis. Such 
studies on KS/Eng. data for years before 1969 are not 
possible for a variety of reasons.

162 It is notable that preliminary estimates based on first 
link sample data exhibit a high degree of unreliability and 
that even the final published estimates based on last link 
sample data may still be markedly unreliable. A trade-off
52

here between early estimates and more reliable estimates 
may be possible. Users of preliminary estimates should 
consider the degree of unreliability that can be tolerated 
for the uses to which such estimates are put. Users of 
historical series should consider the effect on the uses made 
of such series of the unreliability remaining in the published 
statistics.

Proposals for future monitoring o f estimates 
163 To check the reliability of sample estimates, and 
particularly to assess the reliability of preliminary estimates, 
it was recommended that some form of monitoring be 
adopted. This should seek to determine the degree of relia
bility of each published value and also to provide cumulative 
information on the relative merits of alternative estimators, 
A monitoring procedure should also detect abnormal 
periods for which an index calculated by the then current 
formula may prove questionable.

164 As discussed in paragraph 59, with simple random 
sampling from an infinite population, the ratio estimator is 
a ‘best linear unbiased estimate’ if two conditions are 
satisfied: (1) the regression relation between A'j^and is 
a straight line through the origin and (2) the variance of 
X j  about the line is proportional to Xj-^. The monitoring 
proposals were intended to detect gross departures from 
these assumptions which could lead to unreliable estimates 
whose shortcomings might otherwise be undetected.

165 It was proposed that an estimate of the variance of 
either the estimated link ratio or estimated total should 
be calculated for each period. It was also suggested that the 
linear regression of X-p on Xp-j. be fitted by least squares 
where  ̂is the lag used in the current index number formula. 
A large deviation from zero of the intercept in this regression 
would suggest that the assumption of a straight line relation
ship through the origin was not satisfied. This knowledge 
alone would not indicate an improved estimator but would 
imply that the ratio estimator is less reliable than its esti
mated variance suggests.

166 Other proposals were of a longer term nature and 
would not necessarily be implemented concurrently with 
the analysis of each survey. It was suggested that respondents 
be divided into a number of groups, classified by size of 
response in the earlier of two periods determined by 
The bounds of the size groups are not of critical importance 
but should be chosen so as to distribute the respondents 
fairly equally between the groups. A plot of the empirical 
regression line of Xj* on Xp-^. should then be obtained
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from these data. This plot would indicate departures from 
linearity and so of a reduction in the reliability of the ratio 
estimate. This non-linearity would increase the variance of 
the ratio estimate. The procedure outlined above would 
distinguish between a decrease in reliability caused by a 
departure from the linearity assumption and a decrease 
caused by some other reason such as greater variability 
in the value of individual returns. It was further proposed 
that the variance of X j' be calculated for each group and a 
comparison made with the mean value of X j-^  as a rough test 
of assumption (2) above.

The new Engineering Sales Enquiry
167 The planning of the new enquiry was assisted by some 
of the findings in this study; for example, the lack of a clear 
preference for an alternative to the link relative estimator, 
the suggestion that the link ratio is not markedly affected 
by the omission from the monthly sample of firms in the 
lower size groups and the mixed evidence on the relative 
merits of using the product based and industry based index 
numbers.

168 In January 1972 the responsibility for collecting and 
processing sample information on the engineering industries 
passed to the Business Statistics Office. Information on 
sales by all firms in the engineering industries with more 
than 25 employees is collected for each quarter (11 employees 
in the Surgical instruments and appliances industry). This 
quarterly enquiry replaced the quarterly KS/Eng, enquiry 
and other periodic enquiries, whether product or industry 
based. The monthly KS/Eng. enquiry was replaced at the 
same time by a monthly sales enquiry the form for which 
is reproduced in Appendix A. As will be seen from a 
comparison of the new and old forms the product in
formation in different industries previously sought is 
no longer required. The single values of sales on the 
new form correspond to the total values of deliveries 
on the old form which means that the engineering indexes 
of production are now calculated on industry based meas
ures of changes in sales. From the results quoted in Part V, 
section F this change may cause problems of comparison 
and interpretation, especially perhaps for the Instrument 
engineering index of production.

169 The composition and structure of the sample in the 
new monthly enquiry differs from that of the KS/Eng. 
enquiry. The monthly sample now comprises all establish
ments in the Electrical engineering Order with over 200 
employees and all those in the other two Orders with over 
100 employees. The previous stratified structure of the 
sample has been abandoned and to ensure a complete 
return the new enquiry is a statutory one. The choice of 
number of employees as a measure of size in the definition 
of the new sample excludes most of those firms with annual 
total deliveries of less than £500,000 in 1972. In terms of

the strata of the KS/Eng. enquiry the whole of stratum 1 
and roughly the lower half of stratum 2 are excluded from 
the new monthly sample. This change in composition of the 
sample is intended to relieve the smaller sized firms of the 
labour of completing an enquiry form each month. The 
results of the study (Part V, section E) suggest that this 
change will not have a marked effect on the numerical 
value of a link relative but it should reduce the sampling 
unreliability of the monthly links calculated from complete 
monthly sample data. The monthly sample data are not 
used to estimate total population values of sales. These 
latter are estimated for quarters only from the quarterly 
sales enquiry.

170 The link relative estimator of the index of industrial 
production will be changed slightly from that described in 
Part I. A quarterly index of production will be calculated 
from the quarterly sales enquiry data using the same link 
relative approach as for the previous quarterly index 
calculations. The monthly index will be calculated from the 
new monthly enquiry data using a single link relative cal
culated from the total value of sales for a matched sample 
based on the current month’s sales and those of the previous 
month. The study did not suggest that there was any 
marked difference in the reliability of a link relative estimator 
based on lags of one, two or three months. The link relatives 
thus obtained will be chained back as before to the base 
period. The monthly indexes of industrial production 
obtained in this way will be corrected for working days and 
changing prices in the same manner as previously and will 
be adjusted to conform to the quarterly index obtained 
from the quarterly sales enquiry.

171 Problems of estimation arise for the monthly indexes 
of orders and export sales because information on these 
values will generally not be sought in the quarterly sales 
enquiry. The information on orders and export sales is 
to be collected from larger establishments only in the 
new monthly enquiry so some assumptions will be necessary 
in order to impute values for the smaller establishments 
(which collectively account for a small proportion only 
of the total). In general it would appear necessary to assume 
that the ratio of export sales to total sales and of orders to 
total sales will separately be the same for both smaller and 
larger establishments. The monthly indexes of export 
sales and the various indexes of orders can then be adjusted 
in a comparable manner to that employed for the monthly 
index numbers of total sales.

172 It is intended to undertake a continuing examination 
of the performance of the new monthly and quarterly 
index numbers. It may be necessary to validate the estimates 
of total export sales and total orders on hand by means of 
special surveys or by cross reference to related economic 
series (for example, Overseas Trade Statistics for exports).
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173 This report presents the results of what is believed 
to be the first detailed study to be conducted on aspects 
of reliability of a Government statistical series. The atten
tion given here to the indexes of engineering production 
does not imply that these are the only series subject to 
error; other published statistical series may be found which 
contain a degree of unreliability. To admit that official 
statistics are subject to error does not mean that Govern
ment statisticians should be condemned for producing 
unreliable estimates. It has to be recognized that the con
straints placed upon them by the needs of users compel 
the use of information which, for one reason or another, 
contains inherent unreliability .The use of sample informa
tion rather than information from a complete census of the 
population is dictated by a number of factors which include: 
a limitation on the funds available for the purpose of the 
enquiry, a disinclination to intrude into the private affairs 
of too many members of the population and the need to 
obtain the required information on the population character
istics of interest in a short space of time. Many government 
statistical enquiries are postal type enquiries in which the re
spondents complete the enquiry form. It is rarely possible to 
check the accuracy of the entries in the completed enquiry 
forms returned although there is an increasing tendency to 
investigate this aspect of reliability by Government statistic

ians. The use of sample information, with some limited 
control over the accuracy of information supplied by 
respondents, may involve the trading of one source of 
unreliability for another.

174 An open recognition of the basic unreliability of 
sample statistics published by Government departments, 
accompanied by knowledge of the selection procedure, 
methods of estimation and calculation used and some 
attempts at a numerical assessment of the degree of reliability 
of the published sample statistics, should improve public 
debate based on those statistics. A recognition that official 
statistics are reliable within limits is preferable to a naive 
assumption that all printed figures are completely without 
error or the even more naive assumption that no printed 
figure has any accuracy whatsoever and can therefore 
be ignored. The ability to recognize and acknowledge 
sources, and the corresponding magnitude, of error in 
scientific work and to recognize the effect that such errors 
have on the interpretation of scientific data may be said to 
be the distinguishing characteristic of the true scientist. 
A comparable ability with data relating to public affairs 
may be accepted as the distinguishing characteristic of 
the mature numerate among men of affairs and social 
scientists.
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Appendix A
Enquiry forms

MECHANICAL AND ELECTRICAL ENGINEERING

FOR OFFICIAL USE

Size

Code

Special
Group

Country

Telephone: 
CHAncery 4411 
Ext. 555

Reference
KS/ENG/58/M1

BOARD OF TRADE 
Statistics Division (KS), 
Lacon House, 
Theobalds Road, 
London, W.C.l

February, 1958

Please complete and return one copy of this form for the month of January as soon as possible. 
The second copy is for you to keep.

Notes on how to complete the form are enclosed.
If your main output at the factory named above is of radio and electronic apparatus, telegraph and 

telephone apparatus or agricultural machinery please return the form without completing it, with a letter 
describing, briefly, what you produce.

Name of firm.
• 4 . . .  » 4 | | 4 9 . « 4

•  • • • • > • « • • •  4 ^  • •

Address of each factory 
or works covered by this 
return

............................................................................................... ..

« • • •
• • • • • • • * • • • • • • • * • • • • • • < * * • * * * * * * * *  **

Date ..............
Telephone No

I .  • • • • • .  • < • • • • • •Signature 
............ Signatory’s status •  • • • • • • • • • « « < « » * > > > * » « * » * * « ' * * * « * * 4 « * * « * > * > * « 4 * * * *

56

CO

C4;

4
» •

33

34



i ■

1

.(O '

.nI

f r  '

ttl

21

34

35

CONFIDENTIAL (W hen Completed)
JANUARY 1958

KS/ENG/58/M1

Values (to nearest £)

Class of G oods Sold or Work Done

Machinery other than Electrical 
Metal-working machine tools and welding machinery 
Engineers’ small tools and gauges 
Industrial engines 
Textile machinery and accessories 
Contractors’ plant and quarrying machinery 
Mechanical handling equipment 
Office machinery 
Mining machinery 
Refrigerating machinery
Space-heating, ventilating and air-conditioning 

equipment
Pumps and industrial valves 
Air and gas compressors and exhausters 
Food and drink machinery 
Packaging machinery
Steel and non-ferrous metal rolling mills and 

ancillary equipment
Other machinery except electrical machinery 

Industrial Plant and Fabricated Steelwork 
Water tube boilers 
Shell boilers and boilerhouse plant 
Chemical plant
Iron, steel and non-ferrous metal works plant, 

other than rolling mills
Other industrial plant and fabricated steelwork 

Electrical Machinery 
Rotating electrical machines 
Transformers for lighting, heating and power 
Switchgear and control gear 
Other electrical machinery 
Insulated W ires and Cables

Other Electrical G oods (except radio, 
telecommunication and other electronic apparatus) 

Domestic elecirical appliances
Electrical equipment for motor vehicles, cycles 

and aircraft
Primary batteries
Secondary batteries (accumulators)
Electric lamps 
Other electrical goods
Subcontract Sales and Components N ot 

Included Above

Amount Charged for Work Done on 
Customers’ Materials and R epair Work 

Other Output (please describe briefly)

D eliveries during 
the month

For Export

TOTALS

O rders on H and
AT end of month

Total For Export

9

j
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MECHANICAL AND ELECTRICAL ENGINEERING

FOR OFFICIAL USE

Size

Code

Special
Group

Country

Telephone: 
CHAncery 4411 
Extn. 555

Reference
KS/ENG/59/M1

BOARD OF TRADE, 
Statistics Division (KS), 
Lacon House, 
Theobalds Road 
London, W.C.l

30th January, 1959

Dear Sirs,
I am sending you the monthly form for January for mechanical and electrical engineering and I 

should be grateful if you would do all you can to complete and return one copy to this address within TEN 
days of the end of the month. The second copy is for you to keep.

From the beginning of this year manufacturers of agricultural machinery have been asked to complete 
these forms, and a new heading (No. 0) has therefore been added for their products. If you make any 
agricultural machinery, I should be glad if you would now show it separately under that heading instead of 
under heading No. 35.

I enclose a copy of the instructions for completing the form, which have been revised to include a 
definition of agricultural machinery and to clarify a few points which experience has shown were not adequately 
clear in the original version.

Yours faithfully.

(Miss) J. Maton 
Chief Statistician

Name of firm

»••••••

Address of each factory 
or works covered by 
this return

••••••«

.................. . .......................... »•••»•••••«»•••••**•**•****************** ..................................................................... ..

D ate ........................................................  Signature
Telephone No..........................................................  Signatory’s status............. ..................
( 37613- 1)

58

«4M »•••*••••••••»>•*•••••***■ ***********

»«»«M»*»«»*****a»**«»***»**>»«****̂ *«***

INI
1 7 1 Wale
18 Shell
19 Chen 
2 0 1 Iron,
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2 2 1 Rotat
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24 Switci 
23 Other
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11
12
13
14
15

17
18
19
20

22
23
24
25

Agricultural machinery (excluding tractors) 
Metal-working machine tools and welding machinery 
Engineers’ small tools and gauges 
Industrial engines 
Textile machinery and accessories 
Contractors’ plant and quarrying machinery 
Mechanical handling equipment 
Office machinery 
Mining machinery 
Refrigerating machinery 
Space-heating, ventilating and air-conditioning 

equipment
Pumps and industrial valves 
Air and gas compressors and exhausters 
Food and drink machinery 
Packaging machinery
Steel and non-ferrous metal rolling mills and 

ancillary equipment
Other machinery except electrical machinery

Industrial Plant and Fabricated Steelwork 
Water tube boilers 
Shell boilers and boilerhouse plant 
Chemical plant
Iron, steel and non-ferrous metal works plant, 

other than rolling mills
Other industrial plant and fabricated steelwork

Electrical Machinery
Rotating electrical machines 
Transformers for lighting, heating and power 
Switchgear and control gear 
Other electrical machinery
Insulated W ires and Cables

27
28

29
30
31
32

Other Electrical G oods (except radio,
telecommunication and other electronic apparatus) 

Domestic electrical appliances 
Electrical equipment for motor vehicles, cycles 

and aircraft 
Primary batteries
Secondary batteries (accumulators)
Electric lamps 
Other electrical goods
Subcontract Sales and Components Not 

Included Above

Amount Charged for Work D one on 
C ustomers’ Materials and Repair Work

Other Output (please describe briefly)

CONFIDENTIAL
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IN CONFIDENCE
MECHANICAL AND ELECTRICAL ENGINEERING

Values (to nearest £)

CLASS OF GOODS SOLD OR WORK DONE CODE
NO.

DEUVERIES 
during month

ORDERS ON HAND 
at end of month

TOTAL FOR EXPORT TOTAL FOR EXPORT

MACHINERY OTHER THAN ELECTRICAL £ £ £ £

Agricultural machinery (excluding tractors)
Metal-working machine tools and welding machinery
Engineers' small tools and gauges
Internal combustion engines
Other prime movers
Textile machinery and accessories
Contractors’ plant and quarrying machinery
Mechanical handling equipment
Office machinery
Mining machinery
Refrigerating machinery
Space-heating, ventilating and air-conditioning 

equipment
Pumps and Industrial valves 
Ait and gas compressors and exhausters 
Food and drink machinery 
Packaging machinery
Steel and non-ferrous m etal tolling mills and 

ancillary equipment
Other machinery except electrical machinery

1
2
3
4
5
6
7
8
9

10
11
12

13
14
15
16
17

18

INDUSTRIAL PLANT AND FABRICATED STEELWORK

Water tube boilers
Shell boilers and boilerhouse plant
Chemical plant
Iron, steel and non-ferrous metal works plant other 

than rolling mills
Other Industrial plant and fabricated steel work

19
20
21 1
22

23

INSTRUMENTS, WATCHES AND CLOCKS

Photographic equipment 
Optical instruments 
Spectacles etc.
Surgical, dental and veterinary instruments and 

appliances
Other scientific instruments and equipment 
Watches and clocks

24
25
26
27

28
29

•TOTALS (headings 1 to 29) 30

Please see overleaf
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Values (to nearest £)

TOTALS (headings 31-50) 51

CLASS OF GOODS SOLD OR WORK DONE
CODE
NO.

DELIVERIES
4

during month
ORDERS ON HAND 
a t end o f month

TOTAL FOR EXPORT TOTAL FOR EXPORT

ELECTRICAL MACHINERY

G enerating equipm ent and rotating e lec trica l m achines 
Transformers for lighting, heating and power 
Switchgear and control gear 
Other e lec trica l m achinery

JL £ £ £

31
32

34
INSULATED WIRES AND CABLES 35 •

TELEGRAPH AND TELEPHONE APPARATUS 36
RADIO AND OTHER ELECTRONIC APPARATUS

Valves
Broadcast receiv ing  equipm ent and gramophones 
Radio, radar and electronic cap ita l goods 
Radio and electronic components

OTHER ELECTRICAL GOODS 
Domestic e lec trica l appliances 
E lectrical equipm ent for m otor vehicles, cycles and 

aircraft
Primary batteries
Secondary batteries (accum ulators)
Electric lamps
M iscellaneous e lec trica l goods

37
38
39
40

41
42

43
44
45
46

BALL AND ROLLER BEARINGS 47
COMPONENTS NOT INCLUDED ABOVE AND 

SUBCONTRACT SALES 48
AMOUNT CHARGED FOR WORK DONE ON CUSTOMERS' 

MATERIALS AND REPAIR WORK 49
OTHER OUTPUT (please describe briefly) 50

/

Nam e of firm

Address of each 
factory or works 
covered by this 
return

Number of norm al working days in the 
period covered by this return ______

Date Signature

Telephone No. _ Signatory's status

Ext. ,  Telex

Please return the com pleted form to;

MINISTRY OF TECHNOLOGY. Statistics Branch, Room 113, Kingsgate House. V ictoria S treet, London, S .W .l
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Uh'PART?vlENT OF TRADE AND INDUSTRY
Engineering Industrie) Statistics Branch,
Bth Floor.
Dean Bradley House,
Horse ferry Road,
London. S. W, 1.

Telephone: 01-799 5688 
Ext. 41/57 31st March 1971

r> l

Reference: HAA/71/M 3

Dear Sirs*

• •

Mechanical Engineering

1 am sending you the monthly form for mechanical engineering and I should be grateful if you would 
do all you can to complete and return one copy within TEN days of receipt. A second copy of the form 
is enclosed for your own records.

Yours faithfully,

K. G. H. Binning 
Head of Engineering Industries Statistics Branch

Instructions for completing the form

1. COMBINED RETURNS

Wa

Separate returns should be made for each establishment. If it is only possible to make a combined
return for a number of establishments under the same control rather than a separate return for each establishment*
please ensure that they are all listed on the combined return.

OUTPUT TO BE INCLUDED ON THE RETURN

Your return should include the total value (as defined below) of deliveries of products of the establishment 
or establishments including the amount charged for work done for customers (heading 37). Capital 
equipment made for use in this establishment and charged to capital account should be included at the 
appropriate heading.

62

3. MERCHANTING OR FACTORING

EXCLUDE goods which are only merchanted or factored, i .e , goods which ate bought out or imported and 
subsequently resold without undergoing further processing or assembly. Goods purchased or bought out 
which become integral parts of the goods made should, however, be included in the value of the finished 
product.

4 . COMMISSION WORK

If you process customers’ products for them, or produce goods for customers from their materials, you 
should show at heading 37 the amount charged, not the value of the finished products.

You should include as your own products goods made on commission for you, by other firms, from 
materials owned by you.

CO
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VALUE

Values -  to the nearest £ • should be net selling values 'ex -w o rk s ', i. e. the to ta l amount charged 
to customers less purchase tax , discounts, agents' com m issions, charges for paym ents to transport 
undertakings ( c .g .  British Railways) for carriage outwards and allowances for returnable cases, e tc , 
(Charges made for delivery and installation when carried out by your own staff should not be deducted).

If your records do not readily provide value figures precisely as requested above, and you would prefer 
to give figures on a slightly different basis, please do so, and add a b rief note on the basis you have used

6. DELIVERIES AND ORDERS FOR EXPORT

Include only goods exported directly  or known to be destined for export through m erchants or shipping 
houses. Goods consigned to another company in the United Kingdom for incorporation into other 
m achinery or p lan t, even when the u ltim ate destination is known to be abroad, should be included in 
the to tal columns only.

ORDERS ON HAND

State the value of orders booked but not delivered. The value should be at net selling price 'ex-w orks’ 
but if firm prices have not been quoted the value should be estim ated on the basis o f current net selling 
price. If you deliver goods from stock and norm ally fulfil orders at very short no tice , you should en ter 
NIL; please do not leave the colum n blank, as this w ill lead to unnecessary correspondence.

CLASSinCATION OF PRODUCTS

D eliveries and orders should be classified to the appropriate headings on the form. Separate figures need 
not, however, be given under a pan icu lar heading if  the value o f your deliveries o f goods proper to that 
heading is norm ally less than £10,000 per quarter; these goods m ay be included with your m ain  output. 
Separate notes on the types o f goods to be included against each  heading are availab le : these arc m eant 
for guidance only and should not be regarded as comprehc;nsive definitions of the content o f each 'head ing .

COMPONENTS. POWER UNITS, SUB-ASSEMBLIES. ETC. SOLD SEPARATELY,

(a ) Power and other com plete units sold separately should be included under the appropriate heading i f  one 
is provided.

(b) Components and accessories specifically related to complete machines should be entered against the 
heading appropriate to those machines.

(c) Components and accessories of such a m ixed character that they cannot be a llocated  to any particu lar 
heading should be included in heading 36.

y

V

.Iw
A

\ X

A
« I 

\

y \

\ {



V
0





u

H
j  %

u

• f

>• •

■MT- ■;
» J 7 ; * s . j

• 'I

66

IN CONFIDENCE
MECHANICAL ENGINEERING

July -  September, 1969

Values (to the nearest £)

CLASS OF GOODS SOLD OR WORK DONE

MACHINERY OTHER THAN ELECTRICAL

Agricultural machinery (excluding tracton)

Metal-working machine tools and welding 
macliinery 

Pumps

Industrial valves

Air and gas compressors and exhausters

Fluid power equipment 

Internal combustion engines

Turbines (gas. steam etc.) and other prime movers

Textile machinery and accessories

Construction and earth moving equipment 

Mechanical handling equipment 

Office machinery

Mining machinery
Printing, bookbinding and paper goods machinery
Refrigerating machinery (excluding domestic 

refrigerators)
Space-heating, ventilating and air-conditioning 

equipment

Scales and weighing machinery

Portable power tools 

Food and drink machinery

Packaging and bottling machinery
Steel and non-ferrous metal colling mills and 

ancillary equipment

Ocher machinery except electrical machinery

8

11

12

13

14

15

16

17

18

19

20

21

22

23

24

DELIVERIES 
during quarter

FOR EXPORT 
£

ORDERS ON HAND 
at end of quarter

FOR EXPORT 
£

Please see overleaf
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MECHANICAL ENGINEERING

Notes on coverage of headings

1. Agricultural machinery 
(excluding tractors)

Metal working machine tools 
and welding machinery

Pumps

4. Industrial valves

5. Air and gas compressors and 
exhausters

6. Fluid power e^ ip m en t

8. Internal combustion engines

Turbines (gas, hydraulic, steam, 
e tc .) and other prime movers

11. Textile machinery and accessories

68

Including self-propelled and other machinery, implements and 
market garden (two-wheeled) tractors Other tractors are excluded - 
crawler tractors (heading 12), three or four wheeled tractors 
(heading 41) Milking machines are included but other dairy machinery 
and appliances are excluded (heading 21). Hand tools to heading 41̂

All metal cutting and forming machine tools including hammers and 
forging machines, tin box and can making machinery, strai^tening 
rolls and other plate and sheet metal working machines, bar, tube 
and section forming machines, extrusion presses and swaging machinci^, 
wire drawing, winding and working machines, including wire rope 
making. Gas and electric welding and flame cutting equipment 
(other than tube welding), including welding rods, and other physico
chemical process cutting and forming machines including electron 
beams and laser machines for metal working. Portable power tools 
should be returned at heading 20. insulated electrical cable making 
machines and die casting machinery at heading 24, engineers' small 
tools and gauges at heading 40,

Including kerbside and oil measuring pumps and all pumping machinery 
for liquids except pumps specifically designed for actuating hydraulic 
equipment (heading 6).

,

Including industrial cocks and process control valves but excluding 
valves for internal combustion engines (heading 8).

Including vacuum pumps but excluding refrigeration compressors 
(heading 17) and portable power tools (heading 20),

Including hydraulic pumps and motors, hydraulic and pneumatic control 
and ancillary valves, pneumatic motors, pneumatic' and hydraulic 
actuators, boosters, cylinders, rams, accumulators and power packs.

Internal combustion engines for rail vehicles and industrial internal 
combustion engines excluding those for aircraft, motor vehicles, 
wheeled tractors, ships and boats (heading 41) but including marine 
internal combustion engines produced in association with industrial 
engines. General parts for internal combustion engines should be 
included but parts for vehicle engines go to heading 41.

Excluding turbines for electricity generation, marine engines and 
steam locomotives (heading 41).

Including spinning, winding, weaving, knitting, printing, dyeing, 
hosiery, knitting and lace machinery, jacquard card cutting and 
designing and machinery for producing man-made fibres.
Accessories such as bobbins, combs, reeds, rollers, shuttles, sliver cans, 
spindles, spools and teasel rods are included but hosiery needles and 
elements are excluded (heading 41).

1

2

2
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12. Construction and earth moving 
equipm ent

13. M echanical handling equipm ent

14. Office machinery

Mining machinery

16, Printing, bookbinding and paper 
goods machinery

17. Refrigerating machinery 
(excluding domestic^

18. Space-heating, ven tila ting  and 
air-conditioning equipm ent

Scales and weighing machinery

20. Portable power tools

21. Food and drink machinery

►

Including excavatbrs, craw ler tractors, (except m arket garden type 
appropriate to heading 1), do7.ers, graders, scrapers, shovel loaders, 
dumpers, concrete m ixers, p ile  drivers, road m aking and m aintenance 
m achinery, quarry crushing, washing and screening p lan t, dredging and 
well boring m achinery. Excluding drag scrapers and cablew ay 
excavators (heading 13).

Including aerial ropeways, cablew ay excavators, conveyors (excep t for 
co llie ries  appropriate to heading 15), cranes and transporters, drag scrapers, 
elevators, escalators, lifts, lifting  and winding devices, hydraulic and 
pneum atic handling plants, powered industrial trucks and industrial 
tractors and wagon m arshalling equipm ent. Excluding agricultural 
m achinery (heading 1) construction and earth-m oving  equipm ent 
(heading 12) and m anually  propelled trucks (heading 41).

i

Including accounting and calcu lating  m achines, Electronic desk 
calculators, cash registers, duplicators including off-set litho 
machines (office type), tabulators and tic k e t issuing m achines. 
Excluding dictating m achines, docum ent copying m achines, and 
electronic computers (heading 41).

Face, shaft and pithead m achinery including coal preparation p lan t, 
rock drilling m achinery, underground conveyors, haulage engines and 
powered roof supports. Excluding p it tubs, locom otives, e tc . (heading 41).

Including typesetting and composing room equipm ent, ru ling  machines, 
sewing machines for bookbinders, cardboard box, carton and paper 
goods m aking m achinery.

Including beverage coolers (com m ercial), deep freeze m achinery , display 
cases, cold rooms, ice  cream  cabinets, ice  m aking m achinery and quick 
freeze m achinery. Also compressors, condensers and sealed  units for 
refrigeratoR . Excluding dom estic deep freezeR and refrigerators (heading 41),

Including self-contained air-conditioning  m achines, dust and fume 
extraction p lan t, gas cen tra l heating  systems, calorifiers; 
ventilating  cowls, ducting and hoods; heater batteries, u n ith ea te rs , 
ventilating  fans (except ce iling  or desk fans) and ventila tors. 
Excluding self-contained oil burners (heading 36), dom estic e lec tric  
fans and heaters, gas heaters, therm ostats and sim ilar measuring 
and controlling apparatus (heading 41).

Including spring balances and weighbridges but excluding precision 
balances (heading 41).

Including flexible shaft drive tools and a l l  types used in civ il 
engineering, m ining and quarrying. Hand held types used in buildingi 
engineering, stone and wood working.

Including bakery and biscuit ovens, dairy m achinery (except m ilking 
machines appropriate to heading 1). freeze drying m achinery and a ll 
other preparation, processing and sterilising m achinery. Excluding 
grain m illing  plant (heading 30) and portable e lec tric  appliances 
(heading 41).

i.
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Packaging and bottling 
machinery

23. Steel and non'ferrous metal 
rolling mills and ancillary 
equipment

24. Other machinery except electrical 
machinery

26. Complete process plants

Water tube boilers

28. Shell boilers and boileihouse 
plant

29, Iron, steel and non-ferrous 
m etal works plant oUter than 
rolling mills

30, Other industrial (including 
process) plant

31, Constructional steel work

32, Other fabricated iron and 
steel work

34. Ball and toller bearings

35. Precision chains

36. Components not included above 
and sub-contract sales

70

/

Including baling presses (except for agricultural purposes (heading l) 
or scrap metal appropriate to heading 2), bottle washing, canning, 
filling and closing, labelling and wrapping machines.

Including tube mills, tube welding machinery and rolk but excluding 
bar, tube and section forming and working machines, extrusion presses 
and swaging machines (heading 2)..

All other machines not elsewhere specified e. g. boot and shoe machinery, 
brick making, paper making, dry cleaning and laundry machinery, lawn 
mowers and plastic working machinery. For industrial plant see headings 
26-30 Inclusive. Components for specific machines should be returned at 
the appropriate heading and other mechanical components at heading 36.

Only main contractors responsible for the design, engineering, 
procurement, construction and commissioning of complete plants 
for process industries (chemicals, petro-chemicals, gas and oil 
refining) should use this heading. Firms responsible for only some of 
these headings are excluded. Other contractors for industrial plant 
should record deliveries and orders at heading 30.

Including firing plant and mechanical stokers, ash handling plant, feed 
water heaters, fire boxes, fuel ecorxjmisers, sectional boilers for steam and 
thermo-feed regulators. Excluding fuel oil burners (heading 36), hot water 
boilers cast in sections, marine, and locomotive boilen (heading 41).

Including metallurgical furnaces but excluding rolling mills and 
ancillary equipment (heading 23).

Including furnaces other than metallurgical (heading 29), chemical, 
petro-chemical, oil refining, coke ovens and gas works, kilns,- 
refuse disposal, sewage and water treatment, cooling towers, flour 
and grain milling plant and nuclear reactors.

Including similar work in other metals for bridges, buildings, iron 
staircases, girders, ironwork' for roofs, steel shuttering and pre
fabricated metal buildings.

Heavy iron and steel work and similar work in other metals other than 
for structural uses. Including bins, bunkers, chimneys, condensers, 
coolers, heat exchangers for industrial processes, heavy plate storage 
tanks, hoppers, pipes, pressure vessels and silos.

Including needle and needle-roller bearings and balls and rollers for 
bearings.

Including cycle and motor chains and chains for conveyors and power 
transmission.

Mechanical components which cannot be allocated to any particular 
heading including engine parts, fuel oil burners, gas controlling 
apparatus, gear wheels, moulding boxes for foundries, oil filters and seals, 
pulleys and pulley wheels, shafting and valves for tyres. See also 
Instruction No. 9.
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Amount charged for work done 
on customers' materials and 
repair work

Engineers* small tools and 
gauges

See Instruction No. 4.

Metal cutting tools Including diamond and hard metal tipped tools, 
press tools, moulds and dies, jigs and fixtures, gauges and 
micrometers.

Other output

Engineering Industries Statistics Branch 
Ministry of Technology
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PM/301
BUSINESS STATISTICS OFFICE

Monthly In q u i r i e s
FV

For O ffice Vae Only

Please quote 
io any
correepondcnce

Cardiff Rond 
NEWPORT 
Monmouthshire 
NPT IXG

IN
CONFIDENCE

Telephone 
Newport 56111 
Ext
STD Code 0633

I f  the name or address shown above is  incorrect in any respect, please
correct i t ,  and insert postal code i f  appropriate.

MONTHLY INQUIRY

MECHANICAL, ELECTRICAL AND INSTRUMENT ENGINEERING
Dear Sir(s)

If you are engaged in the mechanical, electrical or instrument engineering industry yoU are required by 
the Secretary of State for Trade and Industry under Section 1 of the Statistics of Trade Act, 1947 to 
complete this form and return it to the Business Statistics Office at the above address not iater than 
ten days from the end of the period tq which your return relates. A second unadc^ressed copy of this 
form is enclosed for your records.

The purpose of this inquiry is to obtain information needed for the provision of a statistical service 
for industry and government.

The information given by you will be treated as confidential in strict accordance with the Statistics 
of Trade Act, 1947.

Yours faithfully

M C FESSEY 
Director

DECLARATION

Period covered by return (this return is required for the 
calendar month shown above but firms may make their returns for 
an analogous accounting period subject to .prior agreement with 
the Business Statistics Office) ............................

day mth yr

from

to

11 /  /

12 /  /

Average number of employees (include all employees except 
outworkers engaged in the establishment covered by this return 
whether full-time or part-time, including working proprietors)

Name of firm ..................................................

Address of establishment to which this return relates ........

13

I hereby declare that the information contained in this return is correct to the best of ray knowledge and 
belief.

Signature of person furnishing the information.............................................................

Telephone N o ..................................  Date.......................................................

R e c e i p t  p e r f  Data p e r f
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MECHANICAL, ELECTRICAL AND INSTRUMENT ENGINE^ERING

Of which

SALES by value and anounts charged for work done 
during the month (see notes 1 -  4) .

ORDERS ON HAND at end of the month (see note 6)

•
Total sales •

£

export sales 
(see note 5) 

£

20

Of which for
Total export

£ •£

22

Give fig u res  to n e a re s t 'X l give es tim a tes  where you cannot g ive exact f ig u re s .

NOTES

i

i

I
■

i
\

I
t
4

I

1. Relation to other inquiries. This monthly inquiry is  re la ted  to the quarterly  sales inquiry to which 
you also contribute and your returns for the two inquiries should be consisten t.

2. Coverage of return. Your return should cover a l l  sales and. charges made for work done (see  note 4) by 
the reporting un it to which th is  form is  addressed. The return should not cover ancillary  departments not 
engaged in production (e.g . se lling  and transport organisations) for which you keep a separate se t of 
accounts. Transfers to such departments and to any other manufacturing un its  owned by you but not covered 
by th is  return  should be regarded as sales and valued, as fa r as possib le, as i f  you had sold them to an 
independent purchaser. Tlie treatment of ancillary  departments in your return must be reflec ted  in the 
definition of your se lling  value, i .e .  i f  your se llin g  department is  included then the goods must be valued 
as sold by the se llin g  department; i f  excluded, they must be valued as transferred  to the se llin g  
department. Canteen sales should be excluded altogether whether or not you keep a separate se t of 
accounts. I f  you have any manufacturing un its  in th is  industry not covered by th is  return you should 
make a separate return for each of them. You w ill probably have received separate forms for them; i f  
not, please inform the Business S ta tis t ic s  Office.

3. Value. The value to be shown for goods sold should be the net se llin g  value, i .e .  the amount
actually charged to the customer a fte r  purchase tax, agents’ commissions and trade discounts have been 
deducted. No deductions should however be made for cash discounts or turnover rebates. The value may 
be 'ex-works’ or ‘delivered’ depending on what was done in any p a rticu la r transaction. Where goods are 
charged as ‘delivered’ to overseas customers, the f .o .b . value should be used as a basis. The net 
selling  value should include any charge for packing m aterials, less  allowances for returnable cases. For
any new building work, machinery, or other cap ita l items for your own use or for h iring  out or leasing, 
produced by the establishment covered by the return the value should be th a t entered in your cap ita l account.

4. Sales. Sales for the purpose of th is  return means deliveries on sa le  and does not include forward
sales. In the box provided for to ta l sales by value and amounts charged for work done during the month 
you should include:

Sales of goods of your own production (including exports). Sales of goods made for you by other 
firms or outworkers from m aterials given out by you should be included as i f  made by you. Any new 
building vrork and machinery or other cap ita l items you produce for your own use or for h iring  out or 
leasing should be regarded as sales and included in the return.
Waste products, residues, e tc . sold (e.g . scrap metal).
_ .

Work done ( i .e .  the amount charged for work done on m aterials supplied by customers, including 
repair work). ^

Services rendered to other organisations (including the h iring  out or leasing of p lan t, machinery 
and other goods, providing transport or any technical and other serv ices).
Sales of nerchanted goods ( i .e .  goods sold without having been subjected to any manufacturing 
process by you but excluding canteen takings).

only goods exported d irec tly  or known to be destined for export through 
into othpr ^ ‘̂ 'isconsigned to another company in the United Kingdom for incorporation
regLded L  an ^ ex ^n  ultim ate destination is  known to be abroad, should not be

^8aleI^^I^d” v l!m ft range of a c tiv i t ie s  as
del vprp^^ ^ ami 5). S tate the value of orders booked but not
f l r i  K« ''ajae should be on the same basis as the value given for goods sold (see note 3) but i f
tirm prices have not been quoted the value should be estimated.
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Appendix B
Formulae used in the Study

Estimator 7, lag s ( s  =  1, 2)
This is the weighted ratio estimator described by

r W , . t =  h w i S u l h w i S u t - , ,
i=i i=i

where the weights Wi are the inverses o f the sampling fractions in each stratum and are the sample totals for the
matched strata samples for times t and t — s. The values of Wt used in most o f the calculations are the nominal values 
W^i =  10, FT2 =  5 a n d  W s =  1.

The bias formula used in Part V, Section C for this estimator is

^C i[r8 ,tvar(x i)it-$ ))-cov(X ijt,X ij(t-8 ))y2]^aR .
/= !

Here var(xij{t~a)) is the variance of the basic variable for the matched sample in the ith stratum at time ? and / — j  defined 
by the formula

m
v a r (x in i-8 ) )  =  ^ l x i j ( t - t ) - X i , ( t - 8 ) ] V ( n i - l )

with

X i,(t-B ) — r i i ^ E x i j { t - 8 )
J~i

the sample arithmetic mean. Similarly cov(xijt,Xij (t-a)) is the sample covariance between x  measured at time t and at time 
t — j  for each member of the matched sample in stratum i. This is defined as

rti
cov(xijt,Xii (t-8)) =  2:ixmt-8)-X{,(t-a)]lxiit-Xi.t]Kni-^l).

The values of were calculated from the formula

2 t - 8  =  E

using matched samples for times t and / —2 when s — 2 and for times t and / —I when j  =  1, When j  =  1 the value of 
R was taken as 1 and when j  =  2 the value of R was taken as 2t-ijX t-2  with both numerator and denominator calculated 
from matched samples for times t — 1 and t —2. The coefficient of C< should be calculated as Ni{Wi — \) where Ni is the 
total number of members in the population of stratum i. As the value of Ni is not known exactly the value of C< was calculated 
using an equivalent form mWi{Wi— 1) where m is the known matched sample size in stratum i. Some error was introduced 
by using constant values of Wi and variable values of m but this was not thought to be large relative to other sources of 
error.

The variance formula used in Part V, Section C for this estimator is

1
E Ci[var{xijt) -  2ra,tcov{Xi}t, Xij(t-a))+
i=i

The symbols used here have the definitions given above with 2 t- i  calculated from the matched sample for times t and t — 
and the variances and covariances correspond to the matched samples for times t and t — s.
Estimator 2, lag 5 (j =  7, 2)

This is the alternative stratified ratio estimator described by
/■(2)  ̂ j  = i(r8 ,t,iX i{ t-s)-\-ra ,t,2X 2(t~ 8 ) +  X a t ) l 2 t - i .

Here
rs .t,i =  2 i t j2 i( t -a )y

with the numerator and denominator calculated from matched samples, Xm-e) is the population total value for stratum i 
at time t — s (supposed known) and 2 t- i  is calculated from the weighted formula given previously using the matched sample 
for times t and t — 7.
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The bias formula used in Part V, Section C for the estimator is

The symbols here are as defined earlier with ((-,) calculated from matched samples for times t and t  —  s  and S ’t- i  calculated 
from matched samples for times t and t —  1.

The variance formula used for this same estimator is

C i[ya r(x i) t) -2 ra ,t,{C O v (x tjty  x y ( « _ , ) ) var(x{j{t-.

with calculated from matched samples for times t and /  —I.
In both bias and variance formulae the strata variances and covariances are calculated from the matched samples for 

times t and t~ s .
Stratified regression estimator^ lag s { s =  1, 2)

Tliis estimator corresponds most closely with the ratio estimator 2 described above. The estimator is
{N iX s,i,\ (reg r) +  2 ^ {regr) +  2Ct~\

with Ni the number o f members in the population o f  stratum Xt,z the population total value for stratum 3 (supposed known), 
X t-i is the known total value for the whole population at time t — 1 and

Xs^tA iregr) =

In this latter formula Xat-a) is the known population mean in stratum / at time t —s and aia, bis are the least squares 
estimators o f  the intercept and slope in the linear regression o f x  at time r on x  at time t ~ s  using the corresponding mat
ched samples. Thus,

b is  =  c o v (x ij t»  X i j i t - s ) ) lv a r ( X i j i t - a ) )

and

ttis  =  X i , t — b is X i.( t-8 )

with the symbols used on the right-hand side o f  the equality signs defined above. 
The variance formula used for this estimator is

Z  Q[var(xtjt) -  bi,mr{xi}
i=\

with the terms in square brackets calculated from the matched samples for times t and t —s  and Jf(_i calculated from the 
matched samples for times t and t —\.
Combined regression estimator, lag s  {s =  1, 2)

This estimator is defined in the same general way as the previous estimator but with
X$,t,i{regr) =  +  ((-«)•

Here

bs = ^bu{ni-\)var{xi}{t~s))IX{ni-\)var(xij(jt^s))
/ « !  /= !

Qs ^  b$X t—$

with xt-8 — SCt-sjXNi and the Xt, and \a r{x ij(ts^  calculated from the matched samples for times t and t —s.

The variance formula used for this estimator is
2
X  Ci[var{xiji)-2baC0\{xiju +i=\

As before, all the terms in the square bracket were calculated from the matched sample for times t and t —s  and S t  i was 
calculated from the matched samples for times t and /  - 1 .
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