Weighting of Results

1 Two kinds of weights are used in processing the answers to qualitative questions. Here they are
termed sample weights and size weights.

Sample weights

2. Sample weights are the inverse of the probability with which each reporting unit has been
selected. Suppose, for example, that the target universe has been divided into two groups — large and small
reporting units. If al large reporting units are selected for the sample (probability of 1) and if only onein
ten are selected from the small reporting units (probability of 0.1), the answers of the reporting units must
be multiplied by 1/1 =1 and 1/0.1 =10 respectively. Higher weights are given to the small reporting units
because they have to represent all the other small reporting units that were not selected for the sample.

3. If the reporting units are selected on a simple random basis, e.g. without stratifying the target
universe into large and small units as in the example above, the probability of selection is the same for all
units and the weights are therefore identical. In this case no sample weights need to be used in processing
the answers. The recommendation in this Manual, however, isto use a stratified random sample and in this
case, sample weights are required reflect the probability of selection for unitsin the different size-strata.

Size weights

4, Size weights are used in processing qualitative answers because the importance of the answersis
assumed to depend on the size of the reporting units. The answers from a large firm carry more weight
than answers from a small one.

5. Strictly speaking, the variables to be used as size weights should depend on the survey variable
concerned. For example, questions about production in a given reporting unit ought to be weighted by the
relative value of production by that unit in the branch as a whole, questions about employment with the
number of persons employed, etc. It would be costly, or even impossible, for most countries to obtain such
a set of weights for each reporting unit. Furthermore, practical experience has shown that the balances
(B) are not very sensitive to the choice of weighting variables. In practice it is sufficient to use a single
variable reflecting the general economic importance of the enterprise in weighting all the survey answers.

6. If asingle variable is to be used, value added should probably be used as the weighting variable
because the business tendency survey results will then most closely reflect movements in GDP. At the
branch level (e.g. manufacture of footwear and clothing) the commonest practice is to use numbers
employed. This is the most widely available size measure and, within branches, numbers employed are
closely related to value added. However, in aggregating branches to higher levels (e.g. manufacture of
consumer goods or total manufacturing) it is recommended that value added should be uses as the
weighting variable.

7. Information on value added in the different branches will usually come from national accounts
sources industry statistics. Information on numbers employed may be available as one of the
characterigtics included in the survey frame. Alternatively, the business tendency survey questionnaire
used for the first month or quarter of the year can be used to collect information on employment. The
information can be requested in size classes rather than exact numbers so that the information can be easily
provided without recourse to accounting records.

8. Note that size weights are not generally required in processing answers to quantitative questions
because the answers already reflect the size of the reporting unit. Data reported on the value of saes, tons
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of output, numbers employed, etc. will be in larger values, volumes or numbers for large firms than for
small ones. All the answers to the harmonised questionnaires, however, require size weights. Note this
also applies to questions which do not use three point scales, such as questions on capacity utilisation. In
assessing the overall level of capacity utilisation for an industry, the percentage utilisation in large firms
must be given more weight than the utilisation ratesin small ones.

Processing without weights

9. If reporting units have been selected with unegqual weights — stratified or PPS sample desigh — the
sample weights and the size weights will work in opposite directions. The sample weights will increase
the weight of the small reporting units and the size weights will reduce their weight (and vice versa for
large units).

10. Because the two types of weights tend to cancel each other out, unweighted results are sometimes
calculated. It is simpler and therefore quicker to process without weights and the use of weights may
introduce errors if they are out of date or otherwise erroneous. This may be legitimate at a disaggregated,
branch level but is not recommended for calculating results at higher levels of aggregation. In combining
results for branchesto sector totals, weights — preferably value added shares — should always be used.

Weighting methods in practice

11. The Harmonised questionnaires use three point scales for al but afew questions and this Manual
recommends that the answers to these questions should be expressed as balances (B) between the (+) and
(-) answers. This section explains how balances are calculated using sample and size weights. It starts by
explaining the general method which is applicable even in the most demanding case when each
respondent is given an individual weight. It is followed by a description of asimplified method.. Thisis
followed by an illustrative example of the general and simplified methods.

General method

12. In situations where the survey units are the reporting units and simple random sampling is used
so that the inclusion probability is the same for all reporting units, we get:

B= Z(X‘ /n) (1)

n
i=1
where: B isthe balance for answers to a specific question,

X; takes values of +1, 0 or —1 depending upon the answer given by enterprise i , and

n isthe number of reporting units in the sample

13. By multiplying the B s estimated from formula (1) by 100 the result is the balances expressed as
percentages.
14. If stratified random sampling or Probably Proportiona to Size (PPS) sampling is used, the

formula gets slightly more complicated as follows:

1. Mr. Ake Lonnquist, former Director at Statistics Sweden, has reported on sampling and weighting methods
at several joint OECD-EU workshops and devel oped the illustrative example used in this Chapter.



B=>Y"(1/f,)x(x,/N) )

i=1
where the additional symbols are defined as follows:
f, = thesampling probability of reporting unit i ; and

N = thetotal number of reporting units in the sampling frame (ideally identical with the target
universe).

15. Both formulae (1) and (2) result in balance estimates that give equal weight to al respondents.
For opinion poll type questions where the “one man, one vote” approach is deemed to be the most
appropriate these unweighted estimates are the best choice. In business tendency surveys, however, the
economic significance of the replies from different enterprises is linked to the size of the enterprise -- the
larger the enterprise the more important isits reply. As noted above, size weights are therefore required.

16. The fact that the survey units will usually be the enterprises but the reporting units will be the
KAUSs belonging to the enterprise, complicates the estimation of the B s. We cannot denote the answer to a
question provided by enterprise “1” with “ X,”, because there is a separate answer for each KAU of the

enterprise. The notation “ X, " has to be used instead to denote the answers of enterprise “i” regarding its
activity inindustry “ kK ”.

17. The formula for estimating the balances of industry k , (Bk) assuming simple random sampling
and without weighting for the size of individual KAU unitswill be:

Ny

B, = ;(Xik /nk)

©)

where: X, = +1, 0 or —1 depending upon the answer given by enterprise i regarding its activity in
industry k; and

N, = thenumber of KAU:sin the sample which are classified to industry k.

18. When sampling with varying probabilitiesis used, the formulawill change to:

B, :i(ll f, XXik)/i(ll f.)

(4)

Mg

where > (1/f,) is an estimate of N,, the number of KAUs classified to industry k in the target
i=1

universe.

19. If it isintended to show balances separately for size groups (s) within industries (k) the formula
for the balance (B, ) Will be:



Nys Nys

B = (1/ fis xxiks) Z(ll fiks)
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where:  f, .= the sampling probability for enterprise i inindustry k belonging to size group s; and

Xis = +1, 0 or -1 depending upon the answer given by enterprise i belonging to size
group s for itsactivity inindustry K.

20. When each report unit (KAU) is given aweight according to its size, the estimates of the balances
(Bks)from the sample will be:

B = stl(ll f ks X Wis X Xis) stl(ll fis X Wis)

i=1 i=1

(6)

i=1

B:Z(kaBk) ZWk )

where W, =) W (10)

21. In order to facilitate international comparability, when cut—off limits for sampling varying from
country to country, it is recommended that countries apply stratified random sampling with the strata
defined by employment, and to use at least the following three strata:

- 1-19 employed

- 20-249 employed

— 250 or more employed

22. This has the additional advantage of allowing the production of international comparisons by size
of the enterprises. Countries using weighted estimates may need to stratify further.

23. In summary, it is recommended that countries use formulas (6), (7) and (9) for estimating the
balances. If the w,, values (total value added or employment in size group s of industry k) and/or the w,



values (total value added or employment inindustry k) are known from other sources, these values should
be used for weighting rather than the estimates of them derived from the sample.

Smplified method

24, To simplify the computation of balances for the different industries the following simplified
method is sometimes used. It is easier than the general method outlined above because it uses the same
weight for al reporting units in each stratum and does not require detailed weighting information for each
reporting unit. It is particularly suitable for use by research institutions that may not have access to the
more detailed information on enterprises and KAU sthat is available to official statistical agencies.

25. First, for every size group of reporting units within an industry the responses of each reporting
unit are multiplied by the inverse of their sampling fraction (1/f; ). This fraction ( f; ) is the sampling

probability of the enterprise they belong to. For each question this gives an unbiased estimate of the
number of reporting units in the target universe which would have responded (+), (=) and (-) in a

comprehensive survey. These numbers - denoted here as N* ks(+)1 N* ks(:) and N* ks(') respectively - sum
up to N*ig, which is the estimate from the sample of the number of reporting units in the universe which

belong to size category s of industry k2 In what follows these groups of reporting units are called report
strata.

26. Second, for each report stratum (Ryg) the relative frequency of each response is computed.
Denoting the relative frequency of response (+) by Alt) etc. we get:

(+)
+) N*ks

(
As = ) &) &) (11)
N*. + N* + N*

The anal ogous expressions apply to Af(:) and Af(;) .
217. The balance for report stratum Rygis:

_ + )
B. = Ale - A

(12)

28. Third, from an external source (usually the frame from which the sample was drawn) the number
of employeesin each report stratum is computed. This number is used as weight for the stratum.
29. Fourth, in each industry (K) the balance (Byg) of each report stratum (Ryg) is multiplied by the

weight for the stratum (wyg) and the products are added together for the industry. The resulting sum
divided by the total weight of the industry (Wi = 2Wyg) is the balance for this industry, By, The formula
for thisis:

2. An * after a symbol for a variable indicates an estimate of the size of that variable while the symbol
without an * indicates the true size of the variable.



B=X( w. * B )W

(13)
30. If information is wanted about the weighted relative frequency for each response aternative in
industry K, Af:') etc. can be estimated in exactly the same way by substituting Ag) etc. for Bksin
formula (13). Subtracting the estimate for Af(;) from that for Af:') gives the same value for Byg as the
direct calculation according to (13) described above.

31 Aggregating industries to groups and totals is done in exactly the same way as when the general
method isused, i e formula (9) is applied.

32. The simplified method assigns all report units in a given stratum the same weight according to
the number of employees in that stratum. Therefore it is recommended that the largest size group (200 or
more employees) should be sub-divided into 200-499 and 500 or more employees, when the simplified
method is used.

Numerical illustrations
33. This section contains numerical illustrations of the two calculation methods — general and special
— described above. In order to show the differences and similarities between the two methods the same set

of data has been used in both cases.

The numerical data

34. The assumptions about the size and composition of the universe and the design and size of the
sample are recorded in Table 1 below. The sample described there is a dratified random sample in which
enterprises are the sampling units. Stratification has been done by industry (Industry A and Industry B) and
by two size groups with enterprises employing 250 or more persons in size group 1 and enterprises
employing 1 - 249 persons in size group 2. Each enterprise consists of one or more KAUs which are the
reporting units. Enterprises have been classified to the industry which accounts for the largest proportion of
their employees.

Table 1. Thetarget univer se, the sampling and the reporting units

Industry and size group Number of Number of Number of KAUs
enterprises enterprises (survey (reporting units)
inthe units) in the sample
universe inthe
sample
Industry A: size group 1 2 2 6
Size group 2 20 2 3
Industry B: size group 1 6 2 3
size group 2 30 5 8
TOTAL 58 11 20
35. It is assumed that the information recorded in Table 2 is available from external sources.



Table 2. Report unit datafor the target universe. Value added by industry and

employment by industry and size group

Industry and size group Value added Number of

of establishments employees
Industry A: sizegroup 1 4.000 min $ 2.000
sizegroup 2 2.500
Industry B: sizegroup 1 16.000 min $ 5.000
size group 2 3.000
TOTAL 20.000 min $ 12.500

36. The 11 enterprises and 20 reporting units, which the sample consists of according to Table 1, are

listed in Table 3 below. The enterprises are numbered 1 - 11 and the reporting units belonging to enterprise
1 are numbered 1.1, 1.2 and 1.3, those belonging to enterprise 2 are numbered 2.1 and 2.2. etc. The
reporting units belonging to the same enterprise al have the same sampling probability as the enterprise to
which they belong. Therefore the contents of column 8 is the same for all reporting units belonging to the
same enterprise and identical with column 4 for that enterprise. On the other hand, reporting units
belonging to the same enterprise might belong to different industries and size groups. Examples of this are

included in thelist.



Table 3. List of enterprisesand report unitswith data for numerical illustration of

two weighting and estimation methodsin BT-surveys

Enterprises Reporting units
No Industry | Size Sampling No Industry | Size Sampling Weight Response  to
group | Probability group | Probability | (Number of question Q
employees)
Coll [Col 2 |Col 3 |Col 4 Col 5{Col6 |Col7 |Col 8 Col 9 Cal 10
1 A 1 /1 1.1 A 1 /1 600 +1
12 A 2 1/1 100 0
13 B 1 1/1 300 -1
2 A 1 1/1 2.1 A 2 /1 160 0
2.2 B 1 1/1 250 +1
2.3 A 2 1/1 140 -1
A 2 1/10 3.1 A 2 1/10 70 -1
4 A 2 1/10 41 A 2 1/10 60 -1
4.2 B 2 1/10 50 +1
5 B 1 1/3 51 B 1 1/3 1000 -1
6 B 1 13 6.1 B 1 1/3 400 0
6.2 A 1 13 400 -1
7 B 2 1/6 7.1 B 2 1/6 5 0
8 B 2 1/6 8.1 B 2 1/6 30 +1
9 B 2 1/6 9.1 B 2 1/6 140 +1
9.2 A 2 1/6 20 0
9.3 A 2 1/6 10 -1
10 B 2 1/6 10.1 A 2 1/6 40 -1
10.2 B 2 1/6 80 -1
11 B 2 1/6 11.1 B 2 1/6 170 +1




General method
37. Balances (B) are calculated as follows.

Table 4. Calculating the balance for industry A (Bg)

Report Response Sampling Adjustment Response Weight | Weight adjustedto | Weighted response
unit no. probability factor to adjusted to universe level at universelevel
universe universe level
level
[Xik] (VA X wi]
[fi] [1f] [Xji > Vil [Wikl [L/; X Wige X Xl
Cal 1 Cal 2 Col 3 Col 4 Col 5 Cal 6 Col 7 Col 8
(U/Cal 3) |(Coal 2* Col 4) (Cal 4*Col 6) | (Col 5* Cal 6)
11 +1 1/1 1 + 1 600 600 600
1.2 0 1/1 1 0 100 100 0
2.1 0 1/1 1 0 160 160 0
2.3 -1 1/1 1 -1 140 140 - 140
31 -1 1/10 10 - 10 70 700 - 700
4.1 -1 1/10 10 - 10 60 600 - 600
6.2 -1 1/3 3 - 3 400 1200 -1200
9.2 0 1/6 6 0 20 120 0
9.3 -1 1/6 6 - 6 10 60 - 60
10.1 -1 1/6 6 - 6 40 240 -1200
SUM L) LI 44 - 35 1600 3920 - 3300

* » = |rrelevant information

38. From the SUM row the balance for industry A is calculated as the quatient of column 8/ column
7 which amountsto -3300/ 3920 = - 0.84 Expressed in percentage points this gives the balance — 84. The
number of reporting units adjusted to universe level being 44, the unweighted balance is the guotient of
column 5/ column 4 which amounts to -35/ 44 = - 0.80 or, in percentage points, — 80.

39. Repeating the calculations for industry B we get the information recorded in Table 5.

40. From the SUM row in Table 5 the balance for industry B is calculated as the quotient of column
8 / column 7 which amounts to — 990 / 7800 = - 0,13. Expressed in percentage points this gives the
balance — 13. The unweighted baance is derived from the SUM row as the quotient of column 5/ column
4 which amountsto +19/48 = + 0,40 or in percentage points + 40.



Table5. Calculation of balancesfor industry B, (Bp)

Report | Response Sampling Adjustment | Response adjusted | Weight Weight Weighted response
unit no. probability factor to to universe level adjusted at universelevel
universe level to universe
[Xjk X 1] level
[XiK] [fil [Vfi] [Wikl [V X wigd [/ X wige X Xl
Coll |Col2 Col 3 Col 4 Col 5 Col 6 (Col7 Col 8
(/Cal 3) (Col 2* Col 4) (Cal  4*Col | (Col 5* Col 6)
6)
13 -1 V1 1 -1 300 300 - 300
2.2 +1 1/1 1 + 1 250 250 250
4.2 +1 1/10 10 +10 50 500 500
51 -1 13 3 -3 1000 3000 —3000
6.1 0 1/3 3 0 400 1200 0
7.1 0 1/6 6 0 5 30 0
8.1 +1 1/6 6 + 6 30 180 180
9.1 +1 1/6 6 + 6 140 840 840
10.2 -1 1/6 6 - 6 80 480 - 480
11.1 +1 1/6 6 + 6 170 1020 1020
SUM +4 oo 48 +19 2425 7800 - 990

e » = |rrelevant information

41. For calculating the balance for industry A and B combined, equation (9) is used. In our numerical
example the value added datain Table 2 (4.000 min $ for industry A and 16.000 miln $ for industry B) are
used as weights. In the formula numerical values are used as follows:

wy forindustry A = 4.000 Bk forindustry A= -84
wg for industry B = 16.000 Bk forindustry B= -13
Consequently:

Kk

z WY = 4000+ 16.000 = 20.000 and

42 Applying the same calculation method and industry weights to the unwei ghted balances we get

B = [4000x (- 80) + 16.000% ( + 40)] / 20.000 = [~ 320.000 + 640.000] : 20.000 = + 16

Smplified method

43. Estimates from the sample of the total number of reporting units in each industry/size group of
; : . + = -) .

the universe responding (+), (=) and (-) respectively - labelled N * f(s) N* (ks) and N * (ks) in formula

(11) - are computed as follows using the datarecorded in Table 3.
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Table6. Calculation of balances by the smplified weighting method
Report Industry Size | Response Sampling Adjustment Response Industry A Industry A IndustryB Industry B
unit no group probabil ity factor to adjusted Sizegroup 1 | Sizegroup 2 | Sizegroup 1 Sizegroup 2
universe to universe
level level
[Xik] [fil [Vf] [Xjy X /1] N*ks N*ks N*ks N*ks
Coll |Col2 |Co |[Col4 |Col5 Col 6 Col 7 Col 8 Col 9 Col 10 |Col 11
3 (1/Col 4)

11 A 1| +1 11 1 +1 1

1.2 A 2 0 11 1 0 1

13 B 1| -1 11 1 -1 1

2.1 A 2 0 11 1 0 1

2.2 B 1| +1 11 1 +1 1

2.3 A 2| -1 11 1 -1 1

31 A 2| -1 1/10 10 -10 10

4.1 A 2| -1 1/10 10 -10 10

4.2 B 2| +1 1/10 10 +10 10
51 B 1| -1 13 3 -3 3

6.1 B 1 0 1/3 3 0 3

6.2 A 1| -1 13 3 -3 3

7.1 B 2 0 1/6 6 0 6
8.1 B 2 +1 1/6 6 + 6 6
9.1 B 2 +1 1/6 6 + 6 6
9.2 A 2 0 1/6 6 0 6

9.3 A 2| -1 16 6 - 6 6
10.1 A 2| -1 16 6 - 6 6
10.2 B 2| -1 16 6 - 6 6
11.1 B 2 +1 1/6 6 + 6 6
SUM o o o o 93 o 4 41 8 40

es = |rrelevant information

44,
up to the SUM for columns8to 11 in Table 6.

Table 7 is derived from Table 6. The frequencies in absolute numbers presented in Table 7 add

Table7. Distribution within report strata of responsesto question Q adjusted to universelevel .

Absolute frequencies.

SUM OF RESPONSES

REPORT UNIT STRATUM (+) =) (<) SUM

Industry A, Sizegroup 1 1 0 3 4
Size group 2 0 8 33 41

Industry B, Size group 1 1 3 4 8
Size group 2 28 6 6 40

45, The absolute numbers in this table are converted to percentages as shown in Table 8.
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Table 8. Distribution within report strata of responses to question Q adjusted to universe leve .
Per centage frequencies

SUM OF RESPONSES

REPORT UNIT STRATUM (+) (=) (<) SUM BALANCE
[(1) - (]
Industry A, Sizegroup 1 25 0 75 100 - B0
Sizegroup 2 0 20 80 100 - 60
Industry B, Size group 1 13 37 50 100 - 37
Size group 2 70 15 15 100 + 55
46. The figures in the cells of the columns (+), (=) and (-) are the Aig Vvalues according to formula

(11) above expressed as percentages and the figures in the cells of column BALANCE are the Byg values

in formula (12). Applying formula (11) for estimating the balances for our two industries and using the
numerical data presented in Table 2 we get the information recorded in Table 9.

Table 9. Aggregation of sizegroupstoindustries and industriesto industry aggregates

INDUSTRY | SIZE GROUP [wjg VALUEADDED |Bys Bk BV
A 1 | 2000 — 50
A 2 | 2500 - 60
A Totd | 4500 4000 min $ - 56 1)
B 1 | 5000 - 37
B 2 | 3000 + 55
B Totd | 8000 16000 min $ - 3 1)
A+B |TOTAL 12500 20000 min $ ~14 (2)

(1) The balances by industry (Bk) have been computed by applying formula (12) above to the numerical datain the table. Thus:
For industry A we get By, = [2000% (-50) + 2500% (-60)] / 4500 = - 56

For industry B we get By, = [5000% (—37) + 3000X (+55)] / 8000= - 3

(2) The balance for aggregates of industries - i.e. industry A plus industry B - is computed applying formula (9) above to the

numerical datain the table as follows:
B = [4000X (-56) + 16000 X (-3)] / 20000 = - 14

47. In this simplified numerica example, the three different procedures - size-weighted genera
method, general method without size-weights and the simplified method - give very different results.
Using real-life data, the usual finding is that the choice of weighting procedure has a limited effect on the
results.

Recommended weighting and estimation procedure

48. The recommended approach is to use reliable external information to come as close as possible to
the correct weighting of size groups and industries for reporting units. When this condition is fulfilled a
mix between the simplified and general method should be used. The genera method is used to estimate the
response distribution at the report stratum level and from there on external information is used as indicated
in Table 2. In this manner the error due to estimating the importance of different size groups and of
different industriesis reduced.
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