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Abstract

Introduction: The calculation and application of weights is an important step in producing
estimates from a sample survey. Practical application of survey weighting requires a
number of decisions on how to handle issues, such as extreme weights and small cell
sample sizes. Generally, discussion centres around the extreme weights themselves, rather
than the impact of the extreme weights on results. This paper aims to identify diagnostics
that may assist in making decisions about aggregation of small cells and trimming of
extreme weights, partly by assessing impacts on results. It uses a case study where there is
high variability in the survey weights due to the survey design.

The 2017-18 New South Wales (NSW) Emergency Department survey covers 82 hospitals,
ranging from tertiary teaching hospitals to small local hospitals. Unbiased estimates are
required for each hospital, as well as for 16 administrative areas (Local Health Districts
(LHD)) and for NSW. Quarterly data are used to report key performance indicators at the
LHD level.

Method: Several options for modifying weights were applied to data from the New South
Wales (NSW) Emergency Department (ED) survey. We introduce a novel diagnostic we
call the deviation sum of squares - the sum of squares of deviations of the sum of weights
vs the population. As well as looking at the deviation sum of squares and other information
regarding the distribution of the weights, we considered the impact of the different weights
on the estimates of the proportion in the most positive response option of six questions,
and on the score-based performance indices reported quarterly to the NSW Health system.

Results: Although weights need to be applied at the level of the stratification, the actual
mechanism used to create the weight had a minimal effect on results for key variables at
the three reporting levels (hospital, LHD, NSW) and performance indices at LHD level.
The deviation sum of squares, together with the maximum weight can assist in informing
decisions about aggregation of cells and trimming of weights.

Conclusion: Simple diagnostics of the weight distribution, maximum weight and how
closely the weight totals agree with the population by stratum can be used to assist in the
decision-making about how to modify weights. Results for the NSW ED survey appear
reasonably robust to the method used to create the weights, provided the weights are
created at the stratum level, and have a low deviation sum of squares.
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1. Introduction

Weighting is an important step in preparing survey data for analysis. Most papers that
discuss weighting focus on rules concerning the number of observations in a stratum and
when and how to aggregate weighting cells (Potter, 1988, Botman et al., 2000, Karlton and
Flores-Cervantes, 2003), and how to deal with extreme weights (Chowdhury et al., 2007,
Battaglia et al., 2006, Battaglia et al., 2009), usually by trimming, due to the effect of
extreme weights on the mean square error (MSE) of estimates (Potter, 1990). Few papers
discuss how decisions on weighting affect the survey estimates and associated MSEs.

Generalised regression weighting methods allow weights to be created for margins rather
than for each individual stratum cell. Iterative processes can be used until the sum of the
weights meet the appropriate marginal population totals — called benchmarks (Bell 2000).
The Australian Bureau of Statistics (ABS) devised the GREGWT macro in SAS (Bell
2000) to undertake generalised regression methods for use in weighting its surveys (for
instance, Watson, 2004). It has also been used for surveys in New Zealand (Clark et al,
2008).

This paper applies a range of methods to aggregate small cells with large weights and/or
trim large weights to see how weighting decisions affect results in an existing survey. The
ultimate aim is to see if an automated method of dealing with small cells and large weights
can provide similar results to the current manual method and particularly if diagnostics
regarding the weights can help with decision-making. Of particular interest is the influence
of cells with high weights on estimates of hospital, local health district (LHD) and NSW-
level results and whether the influence was greater for larger hospitals with a small
sampling fraction. Given that the aim of trimming extreme weights is to reduce the relative
MSE (RMSE) then that should be the basis of any diagnostics. This paper focuses on the
effect of different weighting methods on the distribution of the weights, RMSEs of the
weights and the concomitant effects on quarterly estimates for six questions, and key
performance indicators (KPIs) used for quarterly performance reporting.

The remainder of the paper is as follows. Section 2 provides a brief outline of the NSW
Emergency Department Patient Survey 2017-18, a brief description of the six questions
and the two KPIs used to test the weights. Section 3 describes the various methods of
calculating weights and associated diagnostics. The deviation of the sum of the weights
from the population is introduced as a useful diagnostic. Section 4 follows with the analysis
of the six questions and the KPIs using the various weights, followed by discussion and
conclusions.

2. The NSW Emergency Department Patient Survey, 2017-18

Responses for a questionnaire about quality of care while at the Emergency Department
(ED) were obtained from 15,995 patients visiting one of 82 EDs in New South Wales
(NSW) between 1 July 2017 and 30 June 2018. The weighted response rate was 24%
(accounting for differential response rates applied to the age strata). The eligible patient
populations range from 2,000 to 64,000 in EDs and sampling fractions range from 2% to
22%.
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This survey is one of a suite of surveys run through the NSW Patient Survey program
administered by the Bureau of Health Information. The NSW Patient Survey Program
website (http://www.bhi.nsw.gov.au/nsw_patient survey program) provides extensive
information about sample selection and weighting in the technical supplements available
for each survey. The following information is provided as background for this paper.

2.1 Survey design

Sampling is designed to provide sufficient respondents at the hospital level for reporting.
Smaller district hospitals are sampled for reporting annually; larger metropolitan and
tertiary hospitals are sampled for reporting quarterly. Sample sizes are decided at the
hospital level, and then sampled proportional to size within each hospital by age (0-17, 18-
49, 50+) and stay type (admitted, discharged) strata. Differential response rates are applied
to take into account the fact that patients aged 50 years and older are more likely to respond
than any patients or parents of patients aged less than 50.

2.1 Weighting

Quarterly weights are created to obtain quarterly results by LHD and for NSW as a whole.
In order to ensure that quarterly results include all hospitals, those hospitals that are
sampled for annual reporting are collapsed into a single group by LHD for quarterly
weighting. The current weighting protocol is presented in Appendix 1.

When all four quarters of data are received, the weights for hospitals sampled for annual
reporting are adjusted based on the full year of data. This paper focuses on the effects of
decisions for weighting at the quarterly level.

2.1 Weighting

We selected six questions and two score-based KPIs created on a quarterly basis for
internal reporting at the LHD level. The six questions and the KPIs and improvement
measures created using the score-based measures are shown in Table 1. The questions have
between three and five response options.

Table 1: Questions used for testing the different weighting methods and the
associated score-based measures

KPI or improvement Question Question text
measure in which the number
question is included
Patient-centred care Ql6 Did the ED health professionals explain things in
improvement measure a way you could understand?
Patient engagement Q19 Were you involved, as much as you wanted to be,
(discharged patients) KPI in decisions about your care and treatment?
Patient-centred care Q23 Health professionals worked together very well
improvement measure
Patient-centred care Q29 Did you feel you were treated with respect and
improvement measure dignity while you were in the ED?
Patient engagement Q53 Thinking about your illness or treatment, did an
(discharged patients) KPI ED health professional tell you about what signs
or symptoms to watch out for after you went
home?
Overall experience KPI Q63 Overall, how would you rate the care you

received while in the ED?
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Assessment of differences is based on a test of non-overlapping confidence intervals
between the LHD or hospital and the NSW level result, using 12 months of data.

The score-based KPI measures for overall care and patient engagement were also
calculated using the six different weight methods. Scores for each question are allocated in
the following manner: the most positive category is given a score of 10, the most negative
category given a score of 0 and remaining categories scored linearly. Missing responses,
and responses such as ‘Don’t know/can’t remember’ are excluded from the scores. These

two KPIs are made up of four to seven questions (NSW Health, 2019).

3. Weighting methods, decisions and diagnostics

Six different weighting methods were created as shown in Table 2. They are presented in
ascending order of complexity. The current manual method is version 3.

Weight method
0. Same weight
(identical to no
weight)
1. Hospital level
weights
2. Stratum level
weights
3. Current method

4. GREGWT* with
added margins by
volume

5. GREGWT macro
with multiple
margins

Table 2: Summary of Weighting Methods

Question number
Total eligible pop/total number of respondents

Hospital eligible pop/total number of respondents per hospital
Zero cells merged with the adjacent age-stratum cell, no other changes

Stratum level weights, zero cells merged, manually check cells with
less than 6 responses and cell wgt > median wt, GREGWT macro used
to set max to 400 (highly manual).

As per current, then benchmark margins to 3 volume based hospital
groupings, max 400

No manual aggregation apart from merging zero cells, 6 marginal
benchmarks:
Benchmark 1 = quarter lhd agest3

Benchmark 2 = quarter 1hd agest2

Benchmark 3 = quarter lhd_hos servicecategory
Benchmark 4 = quarter peergrp4rpt lhd
Benchmark 5 = quarter lhd age strata
Benchmark 6 = quarter peergrp4rpt

agest2 = ages 0-18 and 18-49 combined
agest3 = ages 18-49 and 50+ combined

lhd hos = LHD combined with modified hospital code
Peergrp4rpt = Proxy of size and complexity of cases seen at hospital.
Annually reported peer groups combined to a single group

*The GREGWT macro (Bell 2000) is used by permission of ABS.

Three diagnostics of the weights are calculated: the maximum; the coefficient of variation
(CV) of the weights (i.e. standard deviation divided by mean); and a measure called the
deviation sum of squares. The CV can be used in the calculation of the design effect
(DEFF) due to weighting. The deviation sum of squares (SSDev) is calculated as the sum
of the squared deviations of the sums of the weights to the population summed across the
six strata, all hospital-LHD groupings and four quarters (Equation 1).
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2Inijk

. . ,
SSDev = i:l [ ZLQH ]GNlii (nijkwijk — Nijk) ] (1)
where

n;ji = number of respondents for it" hospital group (i = 1...QH,where QH is the total

number of hospital groups used for quarterly reporting, j* stratum (j = 1 ...6), and k"
quarter k = 1...4);

w;ji, = weight for i*" hospital group, j*" stratum, k** quarter and
Nijx = eligible population for i*" hospital group, j* stratum, k*"* quarter.

Table 3 provides the summary of these measures for the six weight methods used in this
assessment.

Table 3: Maximum weight, Coefficient of variation of weights and
sums of squares of deviations (SSDev) of 6 different weighting
methods, Emergency Department Patient Survey 2017-18

Weight method Maximum  CV weights SSDev
weight

0. Same weight (identical to 115 0 9380
no weight)
1. Hospital level weights 257 39.5% 4581
2. Stratum level weights 1059 62.0% 0
3. Current method 400 59.7% 31
4. GREGWT?* with added 400 57.8% 346
margins by volume
5. GREGWT macro with 400 59.8% 33

multiple margins

Of these methods, the most promising option is using weight method 5 (GREGWT with
six marginal benchmarks and trimmed to a maximum of 400). It had among the lower
SSDev and a similar CV of the weights at NSW level to that for the current method, without
the need to manually assess small cells.

4. Analysis of the six questions

There is no ‘gold standard’ for any of these questions, as the only data comes from surveys.
The sample sizes for each hospital are designed to give estimates with a margin of error of
+7% for each reporting period. If the more automated method of weighting creates results
that are within, say, 1% of the current method, and does not adversely affect KPIs being
reported, then the weighting method can be updated. As with all reports on results for the
NSW Patient Survey Program, the weighting method is presented in the technical
supplement published at the same time as the report. The range in results for the six
questions for each of the weight methods is shown in Table 4.

Weighting has clearly had an impact on the results as shown by the minimum and
maximum values. For most questions, when all respondents are weighted equally (weight
method 0) is quite different to the range for those weighted as per normal protocol (weight
method 3). Results for weight method 1 are consistently closer to results for weight method
0 than those using weight method 3, suggesting that it is insufficient to weight at the
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hospital level. The under 50 population is oversampled to compensate for the lower
response rate of this group, so weighting at the hospital level does not adjust for any such
oversampling. Results for weight method 2, which includes a weight of over 1000, are very
similar to the current method for most questions. Weight method 4 also has similar ranges
to the current method but the minimums for question 16 and 53 are 0.7 and 2 percentage
points different to the current method respectively. In contrast the range in results for the
weight method 5 is very similar to weight method 3, and any difference is only 0.1 or 0.2
percentage points respectively.

Table 4: Minimum and maximum percent, by hospital, in most positive response
category for six questions, by weight method

Question Weight method
on 1 2 3* 4 5
Minimum Q16 They always explain things 67.0 674 669 669 67.6 669
well
Q19 Definitely involved in 523 527 516 51.6 51.6 518
decisions

Q23 Health professionals worked 398 399 40.0 399 399 40.1
together very well

Q33 Definitely treated with respect ~ 72.6  72.6 70.7 70.7 70.7 70.6
and dignity

Q53 They told me completely what 452 458 425 425 445 424
to watch for after departing ED

Q63 Overall very good rating of 37.6 37.8 375 379 379 379

care

Maximum Q16 They always explain things 91.5 914 963 963 963 963
well
Q19 Definitely involved in 837 833 849 849 849 849
decisions

Q23 Health professionals worked 80.2 803 79.1 79.1 785 789
together very well
Q33 Definitely treated with respect 943 942 958 958 958 958
and dignity
Q53 They told me completely what  74.6 748 73.5 735 73.5 734
to watch for after departing ED
Q63 Overall very good rating of 82.8 829 803 803 80.6 803
care

~ - equal weight per respondent * - current weighting method

The estimated standard errors of results were also similar between the current weights
weight method 3 and weight methods 2, 4 and 5 (Table 5). In contrast, weight method 0
and weight method 1 have lower estimated standard errors. This result is expected, as both
of these methods effectively treat the survey as a simple random sample, with the weights
for the latter just adjusting for patient volume at the hospital level.

In terms of performance measurement using the current method based on overlapping
confidence intervals, there are only minor differences in the number of results that would
be flagged using weight method 2 to weight method 5 (Figure 1). All four methods would
give the same number of LHDs that are worse than the NSW result, and there are only
minor differences in numbers of LHDs that would be considered ‘better’ than NSW. There
would be slightly fewer results that are flagged at hospital level, both as being ‘worse’ than
NSW using weight method 4 or 5 than weight methods 2 or 3. Weight method 0 would
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have around 8 more flagged as worse. Weight method 1 would flag over 10 more hospitals
as being better than NSW than any other weight method — including for weight method 0.
There are small differences in the number results that would be flagged as ‘better’ among
all the other weight methods.

Table 5: Minimum and maximum standard error of percent in most positive response
category for six questions, by weight method

Minimum

Maximum

aQ @~
o O o

ul
o

Number of flagged results
[ W =
o o o

=
o

o

Question

Q16 They always explain things well
Q19 Definitely involved in decisions

Q23 Health professionals worked
together very well

Q33 Definitely treated with respect and
dignity

Q53 They told me completely what to
watch for after departing ED

Q63 Overall very good rating of care
Q16 They always explain things well

Q19 Definitely involved in decisions

Q23 Health professionals worked
together very well

Q33 Definitely treated with respect and
dignity

Q53 They told me completely what to
watch for after departing ED

Q63 Overall very good rating of care

OA
0.31
0.39
0.39
0.28
0.49

0.37
5.02

6.01
6.07

491

9.34

5.61

1
0.35
0.43
0.42
0.31
0.53

0.41
5.27

6.00
6.07

5.08

9.35

5.82

Weight method
2 3*
038 0.37
0.46 0.46
047 0.46
034 034
0.56 0.55
045 045
6.56 6.56
8.01 7.99
791 7.92
6.70  6.70
10.0 10.2
9 9
721  7.21

~ - equal weight per respondent * - current weighting method

Hospital

Worse

Hospital

Better

4
0.37
0.46

0.46

0.33

0.55

0.44
6.56

7.99
7.92
6.70
10.2

9
7.21

5
0.37
0.46
0.46
0.34
0.55

0.45
6.57

8.03
7.92

6.71

10.2

7.28

B Weight method 0

Weight method 1

Weight method 2

B Weight method 3

Weight method 4

B Weight method 5

Figure 1: Significance summary at hospital and LHD level summarised over the 6
questions, ED 2017-18
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Based on benchmark cut-offs for quarterly performance measured at the LHD level, the
effect of the weighting on the patient engagement (discharged patients) KPI is negligible
for flagged results both below and above benchmarks (Figure 2). For the overall experience
KPI, the same number of LHDs are below the benchmark for weight method 5 and weight
method 2 compared with weight method 3 (the current weight system), but weight method
2 and weight method 5 result in one more LHD result above the benchmark than for weight
method 3. Weight method 4 differs by one in the number below and above the benchmarks.
In contrast use of weight method 0 and weight method 1 for the overall experience KPI
have a different pattern, with a lower number below benchmark and a higher number above
benchmark.
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Weight method 1

Weight method 2

B Weight method 3

Weight method 4

I I I I I I B Weight method 5

ul
o

Number of flagged results
I
o

30
20
10
0
Hospital Hospital
Worse Better

Figure 1: Number of LHDs below or exceeding KPI benchmarks, summarized over four
quarters and 17 LHDs, ED 2017-18

5. Conclusions
It is clear that weighting at the stratum level has made a difference compared to when all
respondents are giving equal weighting or when weighting is undertaken at the hospital
level and ignores the effect of age and stay type. Results for the six questions when weights
were created at the hospital level were similar to those when all respondents were given
equal weighting.

The differences between results based on the current weighting method and any of the four
methods that weighted at the stratum level were very minor in this example and definitely
within the expected margin of error (£7%). The effect of the large maximum weight in
weight method 2 would depend on the number of responses in the cell, how close the
responses are to the observed pattern and the numbers in the other cells for that hospital or
LHD. Weight method 4 requires inclusion of a metric based on volume at hospital level.
We consider that weight method 5 — the method with six benchmarks is easier to implement
in practice than weight method 4. The advantage of the proposed method is that it uses
general regression, can be coded quickly and avoids the manual method that is currently
utilised.
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The diagnostics that were useful in determining the best method were the maximum
weights and the deviation sum of squares. This process will be implemented in parallel to
the current weighting method for two other BHI surveys to check whether the results are
consistent prior to being used to replace the current method.

The use of results to selected questions to gauge the impact of the different weights was
very informative. It can quantify the effect of several weighting methods in a transparent
manner, which is very useful when creating results that will be used for performance
measurement.
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Appendix 1 Current method of weighting at the quarterly level

In order to report quarterly results for NSW and each LHD as well as for hospitals
specifically sampled for quarterly reporting, it is necessary to weight the entire dataset, not
just hospitals that are sampled for quarterly reporting.

Hospitals that are sampled for annual reporting are coded as CHSP (combined hospital);
hospitals sampled for quarterly reporting maintain their current code. This modified
hospital code is combined with the LHD for quarterly weighting, so the number of
LHD hos categories per LHD is the number of hospitals sampled for quarterly reporting
plus one.

If there are any age-stay type cells with eligible population but no respondents they are
combined with the adjoining age group within the stay type.

Initial quarterly weights are obtained for each LHD hos by calculating the design weight
at the level of LHD hos.

w; = N;/ny

where

w; is the initial (design) weight of the i®® LHD_hos, Ni is the eligible population of the it"
LHD hos and n; is the sample size for the i®* LHD hos.

Note that all strata within the same LHD_hos have the same weight at this point.

The GREGWT macro is used to provide initial weights at the stratum level, using w; as the
initial weight, with a benchmark for each quarter of age stratum x stay type x LHD hos.
This gives identical results to those obtained by stratifying using the 6 strata within each
LHD hos; the advantage of using the GREGWT macro is that it produces detailed
diagnostics.

We find the median weight across all respondents and identify any cell above the median
with less than 6 respondents. The weight of small cells with weights less than median are
ignored because these are not influential. Population, sample size and weight of all six
strata within affected LHD-hos combinations are extracted. In a very manual process, two
analysts independently decide whether to combine the small cell for each LHD_hos and if
so, how they should be combined. These decisions are based on considerations such as the
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weight of the stratum with small sample size relative to the weight of other strata within
the LHD hos, and whether the weight of the small cell will be increased by aggregating.
An example of this is shown in Table Al. The median weight was 65.2. The decision was
to merge with the 18-49 year age group. Note the extreme difference in population between
the Admitted and non-Admitted strata, so weights for non-admitted are much larger than
for admitted, despite the fact that we have stratified the sample proportionately across the
age-group-stay type strata.

Table Al: Example of weighting decisions for one LHD hos grouping

Stay type Age Number of Eligible Weight Flagged Decision  Final cell

stratum responses  population following  cell weight
phase 1
Admitted  Under 18 9 194 21.6 21.6
Emergency  18-49 10 526 52.6 52.6
50+ 19 1223 64.4 64.4
Non- Under 18 4 2276 569.0 *kE Merge with 3653
admitted 18-49
Emergency  18-49 12 3568 297.3 365.3
50+ 18 2556 142.0 142.0

The stay type or age stratum of cells that are to be aggregated are updated in both the
population and response dataset and the GREGWT macro is run again.

A similar check is undertaken after the second round. Sometimes a small cell still has a
weight greater than the median but it is deliberately kept because the weights are acceptable
relative to other cells for that hospital.

Once satisfied with the small cells, a summary of the weights is produced, including a
histogram of the weight distribution at the NSW level, a brief summary (min, max etc) of
weights, design effect and the ratio of max to median weight for all respondents and also
by LHD and hospital. The sum of the weights is compared to the population at the hospital
level and within age strata, stay type and then all 6 strata. Sometimes this summary
identifies further outliers or hospitals with high ratios of max:median in which case
additional decisions are sometimes made to combine other cells and/or put a cap on the
max weight. This requires going back and rerunning the GREGWT process, adding the
maximum weight criterion and creating an updated summary of weights file.
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