Additional file 1
Data Envelopment Analysis (DEA) technical details

Following seminal work by Farrell [1] the concept of technical efficiency was developed and
could be studied from two perspectives. From an input perspective, an organisation is
technically efficient if output is produced with the least possible amount of input. This
perspective explores the question of how many inputs can be reduced while maintaining the
same level of output. From the output perspective, an organisation is considered technically
efficient if it achieves the maximum output mix given their current inputs. In this case, it
addresses the question of how much more outputs be produced given the existing inputs
level.[2] This study took on the output perspective as individual hospital of the public sector
in Malaysia have little control over their inputs level especially in term of labour and
equipment. These input elements are often under the purview of the Ministry’s central

administration.

The organisation or unit being examined in a DEA study is called the decision making unit
(DMU). DEA measures technical efficiency by first identifying a “best practice” production
possibility frontier based on those DMUs achieving highest output mix for their inputs levels.
These DMUs lying on the frontier would be considered efficient compared to others in the
sample and would be assigned a score of 1.0. Other DMUs would then be benchmarked
against these frontier centres most similar to themselves (the ‘peers’) and then be given
scores of more than 1.0 by comparing their output / input ratio. For instance, an efficiency
score of 1.5 indicates that the DMU could have produced 50% additional outputs with their

existing input levels if compared to those at the frontier.

The model is summarised below:
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Where
TE, = technical efficiency score givento DMU c (c =1 ... ... a), ¢ = number of DMU

U, = weight given to output r(r =1 ... ... s), s = number of outputs



V;=weight givento inputi (i =1 ...... t), t = number of inputs
V.= amount of output r produced by DMU ¢
x;.= amount of input i produced by DMU ¢

Technical efficiency can be computed under constant returns to scale (CRS) and variable
returns to scale (VRS) assumptions. The former assumed there was no productivity gain as
the size of ophthalmology centre increased whereas the latter assumed there were economies
of scale and changes in inputs would lead to disproportionate changes in outputs. Linear
programming is used to maximize the TE score by finding the optimal input (V;) and output

weights (U,.) according to the model above.

Decomposition of DEA Scores

We then decomposed the CRS technical efficiency score into three components: VRS
technical efficiency, scale efficiency and congestion efficiency. The conceptual relationship
between the various sources of efficiency is demonstrated by the formula below. [3]

CRS technical ef ficiency = Scale ef ficiency X Congestion ef ficiency X
VRS technical ef ficiency

Scale efficiency assumes a hypothetical optimal scale of operations i.e. if the DMU was too
big or too small, changes in scale could lower cost and improve efficiency. This is given by:
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Comparing the efficiency score in CRS model to that of VRS model gives us the scale
efficiency score. The further the departure from a score of 1, the higher the potential lost from
not having right scale.

Both CRS and VRS technical efficiency scores assume strong disposability of outputs (SDO),
i.e. all outputs produced during the production of ophthalmology services were desirable. In
contrast, congestion efficiency assumes weak disposability of outputs (WDO), i.e. it takes

into account that some outputs from ophthalmology services might not be desirable, for



instance complications of surgeries. It is defined as the ratio of VRS technical efficiency
under SDO (TE(VRS,S)) to the technical efficiency measured under WDO (TE(VRS,W)),

illustrated by the following mathematical notation [4]:
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Therefore, the VRS technical efficiency score represents the “pure” technical efficiency that

reflects the deviation of performance from those achieved by the frontier centres.
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