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Under 65s modelling: Stage 3 results

1.
Background
At the previous meeting of TAGRA MLC Subgroup on 11th October 2012, the group requested further needs model variants for the under 65 age cohort.  Model 2 plus alcohol admissions data was requested in the main discussion.  And, in the margins of the meeting, a further two model variants were requested – models 5 and 6 plus SMR (under 65s, mental health). All members who responded are in agreement to proceed with 'model 6 plus SMR '.  This model will now be referred to as the short-stay model and is comprised of 2 SIMD domains (employment and crime), hospital admissions due to alcohol use and SMR for under 65s with mental health as cause of death.
This paper shows the results of stage 3 of the modelling process as defined in the MLC ‘work programme’ which involves defining the most appropriate aggregation of the data with respect to time period and geography.  In particular, this involves evaluating:

· The use of three year averaged data against single year data for the response variable, cost ratios (actual costs/expected costs )

· The merits of retaining the data at datazone level (as has been the case for stage 2 of the work programme) against intermediate geography level (which is used by the current model)

2.
Scope of Analysis
Both Arbuthnott and NRAC reviews concluded that the most effective method to improve the treatment of morbidity and life circumstances in the formula was to develop a single index of morbidity and life circumstances. In line with current NRAC methodology, the 4 indicators have therefore been combined into a single index of the factors that influence the need for Mental Health & Learning Difficulties healthcare. This was done by normalising each of the variables (subtracting the mean and then dividing by the standard deviation) to produce z scores which ensure each variable has mean zero and standard deviation 1.  This allows the z scores of each variable to be summed (as they are all now represented on the same scale) to produce a short-stay needs index model. 
The analysis in this paper focuses heavily on the comparison on slopes and robust standard errors of the needs variables between time spans and between geographies and is based on the short stay index model only.
3.
Time Span of the Model

The stage 2 analysis was conducted at datazone level to better reflect pockets of deprivation when assessing a range of possible indicators and used 3 years averaged data to then decrease the number of datazones with zero activity.  The following tables show a comparison of results when only one year’s data is used.  The short stay index model includes health board dummies and measures of inpatient and outpatient access.
Table 1: Change of slope and adjusted R2.

	(Datazone)
	 
	2007
	2008
	2009 
	   3year average 

	short-stay index
	Slope
	0.155
	0.172
	0.151
	0.159

	
	Sig diff?
	no
	yes
	no
	n/a

	 
	
	
	
	
	

	 
	Adj. R2
	26.1%
	27.3%
	24.2%
	38.8%


Table 2: Change of slope and adjusted R2.
	(Intermediate Geography)
	2007
	2008
	2009
	3 year average

	short-stay index
	Slope
	0.114
	0.123
	0.114
	0.117

	
	Sig Diff?
	no
	no
	no
	n/a

	 
	
	
	
	
	

	 
	Adj. R2
	49.2%
	49.8%
	47.8%
	60.1%


The better fit for 3 year averaged data than single years is to be expected to an extent.  There is a rise and fall in gradient of the slope of the short stay index over time which is a contrast to the trend observed prior to the exclusion of long stay patients, where the slope was constantly increasing. The explanatory power of the model mirrors this trend over time with the 2009 value lower than 2008 and even 2007 (Tables 1 and 2).  There has been a shift in recent years to delivering Mental Health and Learning Difficulties services in a community setting, which then leaves the more costly cases within the hospital setting; a bracket which long stay patients would have fallen into.
Statistically significant differences in slope between the 2008 value and the 3 year averaged value are present at datazone level (at the 5% level, Table 1), while for intermediate geographies, there is no statistical evidence to suggest any single year slope is different from that achieved from 3 year average data (Table 2).

In order to explore the predictive power of the short stay index model, fitted model values have been compared to actual values by averaging absolute differences (with population as weight) and also by averaging squared differences (with population as weight).  This is shown in tables 3 and 4.  The diagonal values correspond to the year of the fitted model equalling the year of the actual values and are shown in italics as they are of course expected to have small values.  The measure of absolute differences treats each distance equally while the measure of squared differences is more sensitive to outliers.  The best values for each column (after the ‘same year’ values shown in italics) are shown in bold.
Table 3: Differences between predictions and actual values (datazone).

	weighted average of absolute differences (weight: population of year 

	with actual values)
	
	
	
	 

	 
	
	Year of actual values
	 

	Year of fitted model
	2007
	2008
	2009
	3 year average

	2007
	0.618
	0.655
	0.661
	0.486

	2008
	0.627
	0.661
	0.671
	0.492

	2009
	0.622
	0.657
	0.658
	0.487

	3 year average
	0.621
	0.657
	0.662
	0.487

	 
	
	
	
	 

	weighted average of squared differences (weight: population of year 

	with actual values)
	
	
	
	 

	 
	
	Year of actual values
	 

	Year of fitted model
	2007
	2008
	2009
	3 year average

	2007
	0.752
	0.888
	0.874
	0.458

	2008
	0.759
	0.881
	0.877
	0.459

	2009
	0.759
	0.892
	0.867
	0.459

	3 year average
	0.754
	0.884
	0.870
	0.456


Table 4: Differences between predictions and actual values (intermediate geography).

	weighted average of absolute differences (weight: population of year 

	with actual values)
	
	
	
	 

	 
	
	Year of actual values
	 

	Year of fitted model
	2007
	2008
	2009
	3 year average

	2007
	0.324
	0.347
	0.356
	0.268

	2008
	0.330
	0.348
	0.360
	0.271

	2009
	0.330
	0.354
	0.353
	0.273

	3 year average
	0.325
	0.348
	0.355
	0.268

	 
	
	
	
	 

	weighted average of squared differences (weight: population of year 

	with actual values)
	
	
	
	 

	 
	
	Year of actual values
	 

	Year of fitted model
	2007
	2008
	2009
	3 year average

	2007
	0.187
	0.225
	0.227
	0.134

	2008
	0.193
	0.220
	0.227
	0.135

	2009
	0.195
	0.228
	0.219
	0.135

	3 year average
	0.189
	0.222
	0.222
	0.132


From the measure of squared differences, the 3 year averaged predictions have the smallest distance (after the diagonal values) for all years across both geographies.  Within the measure of absolute differences, the 2007 predictions emerge on top in some cases, but 3 year averaged predictions are not far behind.

4.
Intermediate Geographies versus Datazone

As the data at intermediate geography has less ‘noise’ it is unsurprising that a much higher R2 is achieved at this level (Table 5).
Table 5: Adjusted R2 by Geography.
	 
	Intermediate Geography
	Datazone

	
	adjusted R2
	added explanatory power of needs index
	adjusted R2
	added explanatory power of needs index

	reference
	58.54%
	40.89%
	38.81%
	30.80%

	short-stay index
	60.09%
	42.44%
	38.84%
	30.83%


The higher R2 should not necessarily in itself be a criterion to choose between the two geographies as it is to an extent to be expected.  One desirable quality of a geographical base for calculation is that it is as homogenous as possible and as datazones are known to be more socio-economically homogeneous by construction, it was of interest to compare the robust standard errors of both geographies.  Interestingly, the short-stay index model shows a slightly greater standard error at datazone level (Table 6), although admittedly there is not much between them.
Table 6: Comparison of Geographies (3 year averaged data).
	 
	datazone robust standard error
	intermediate geography robust standard error

	short-stay index
	0.00601
	0.00585


Although, intermediate geographies have been constructed to retain some of the homogeneity of their smaller components, it is common to observe a higher standard error for this geography.  The similarity between errors in Table 6 shows intermediate geographies as a more attractive choice than perhaps initially thought based on intuition alone.
5.
Summary and recommendation for discussions 
The current model is based on intermediate geographies and single year data and so the subgroup are asked to consider if there is sufficient evidence to recommend a change.
Analysis at datazone level produces significantly different slopes (at the 5% level)  for single year data compared to 3 year averaged data, however, there are 478 datazones in this analysis (7.3% of total observations) with zero activity in at least one single year’s data which would not be the case if averaged over 3 years.  This means that models based on single year data at datazone level would fail to discriminate between these zones, causing models to be insensitive to certain types of variation.  It should also be noted that low activity data is a problem for the same reasons.
Intermediate geographies are less homogenous than datazones, but do not have the same problem of unreliable data values with no zero activity observations in single year data (again low activity data also has its part to play, but has not been quantified in this paper).  The higher R2 observed at intermediate geography level should not necessarily in itself be a criterion to prefer this geography, but considering the information around the standard errors in Table 6, intermediate geographies start to become the more desirable choice.
Recommendation: To choose intermediate geographies as geography.

As no significant differences (at the 5% level) were observed at the intermediate geography level between single year and 3 year averaged data, there is no statistical evidence here to prefer one over the other.  Data averaged over 3 years is naturally more stable than single years and achieves, albeit unsurprisingly, a higher R2.  Also, upon consideration of the predictive power between time spans, predictions based on 3 year averaged data was nearly always closer to all three single year actual values than individual year predictions (and a very close second when not).  Perhaps the R2 and predictive power considered jointly allows 3 year average data to emerge as the more desirable choice of time span.
Recommendation: To choose 3 year averaged data as time span.

As Mental Health and Learning Difficulties services are undergoing changes to service delivery, it could be argued that switching to 3 years averaged data would imply a loss of responsiveness, which was part of the reasoning behind the format of the current model.  What needs to be considered now is if we have a strong enough evidence base to justify a change to this format.
The subgroup is asked to consider our recommendations:

· To use 3 year averaged data as a time span

· To select intermediate geographies as the geography unit for calculations
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