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ABSTRACT
EFFECTIVENESS AND COST-EFFECTIVENESS
Cost-effectiveness is an attractive term to educational policy makers, 
(although not necessarily to educators,) because it implies the use of 
a strategy or strategies which will provide the greatest achievement 
of nominated educational objectives for each dollar spent. This paper 
examines issues related to the effectiveness side of the cost-
effectiveness ratio. 
Three measures of effectiveness are considered within the context of 
system level decision making at the upper secondary level of 
education. These are: scholastic attainment, defined as learning value 
added; retention rate from the commencement of Year 11 studies to the 
conclusion of Year 12; and invalid absences. The results of this 
analysis are then combined with the cost side of the ratio to enable 
consideration of the potential implications of cost-effectiveness 
analysis as a tool for educational planning.
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INTRODUCTION
This paper forms part of a much broader study which is considering the 
role of cost-effectiveness analysis (CEA) as a tool for educational 
planning and is reporting on work in progress. 
BACKGROUND
If Federal and State education authorities are sincere in their desire 
to have a cost-effective education system then these authorities must 
come to terms with the full implications of the conceptually very 



attractive tool of CEA. Cost-effectiveness is an attractive term to 
educational policy makers, because it implies the use of a strategy or 
strategies which will provide "value for money" that is, the greatest 
benefit in educational terms for each dollar spent. As Levin (1981:35) 
notes:
a good cost-effectiveness design should be one that simply 
augments an appropriate evaluation of effectiveness with 
the measurement and analysis of costs.
Within the economic paradigm which recognises that there are limited 
resources available to meet the unlimited wants of society there is a 
need to find appropriate tools to analyse the outcomes that result 
from the use of those resources. 
School level education has a multiplicity of goals, each of which the 
teacher, in the classroom is required to address consistently and, 
frequently, constantly. The degree of achievement reached for each 
goal or objective provides an indication of the level of performance 

or level of effectiveness being attained by that school. 
'Effectiveness is intended to be a measure of goal attainment and thus 
is, to a large extent, a function of both policy and program 
objectives' (Sjvgren, 1983:212). 
Policy and program objectives are not solely those of the school but 
include state and national considerations. Ultimately they are a 
reflection of what the members of a society want that society to be. 
For this reason educational goals are the most important and sensitive 
policy issues in education. This means that 'policy analysis in the 
field of education is inheritantly political and it is impossible for 
the analyst to retreat into a solely technical role' (Spencer and 
Wiley, 1981:45).
Effectiveness measures have their origins in the behavioural 
objectives of individual schools which in turn reflect the school's 
goals. At any point in time and over a range of schools the goals may 
vary. In fact some schools may not have an explicitly stated goal, 
such as a high level of attendance, because that goal has been 
achieved; the behaviour is now part of the fabric of expectation in 
the school, and consequently just happens, apparently without any 
effort on the part of the school. The school's energies can then be 
used to address other, possibly situation specific, goals.
Effective schools seem to be those schools which have enculturated 
their own goals, norms and expectations. Scott, (writing in the 
context of a very centralised educational system) in his report, which 
has formed the basis for the restructuring of the New South Wales 
education system, identifies 'effective schools as having right 
leadership, right teachers who are well-managed and supported, and 
right economics and resources allocation' (1990:67). Clearly Scott 
believes that there is some, even if unspecified, relationship between 
economic analysis and the identification of effective schools.
A case study has been undertaken in ten percent of Queensland State 
High Schools (SHS) to test the potential role of CEA as a tool for 



educational planning. Specifically the case study considers the most 
cost-effective size of student enrolment in the post-compulsory years 
of secondary educational institutions. The specific effectiveness 
measures of scholastic attainment, retention rate, and invalid 
absences for the case study were chosen because of their relevance to 
post-compulsory secondary education (PCSE) in Australia at the present 
time.
Scholastic Attainment
Scholastic attainment, as a measure of effectiveness, attempts to 
identify any difference in scholastic attainment over a given period 
of time. In order to provide 'a base line against which progress of 
individual children in later years could be addressed' (Mortimore et 
al., 1988:96) students need to be assessed at the commencement of the 
period in order to determine the level of scholastic attainment inputs 
they bring. The input measures are later compared to the output 
measures in order to identify the scholastic progress of each student 
over the given time period. Conceptually this measure can be viewed as 
'learning value added' (Thomas, 1990:31). 
To determine an appropriate method to assess the effectiveness of 
schools in terms of the learning value added (LVA) of their upper 
secondary students a number of underlying principles are considered. 
These include:
1. the validity, for comparative purposes, of the input and output 
measures;
2. the validity of the process whereby levels of achievement 
expressed verbally can be converted to numerical format for 
analysis;
3. the need for students whose results are included in the input 
measure to be identical with those included in the output 
measure for a given school;
4. the standardisation of the input measure to ensure that the LVA 
has a comparable bench mark across schools; and
5. the need for the LVA measure of effectiveness to be expressed in 
such a way that it can be related to the cost per student when 

determining a cost-effectiveness ratio for each SHS.
Where comparability of results between schools is possible it is quite 
realistic, despite different courses studied, to compare performance 
levels of students at the end of Year 10. Comparability is possible 
where courses studied and methods of assessment or assessment tasks 
for a given year level, such as Year 10, are accredited by a central 
curriculum authority. In Queensland curriculum review panels ensure 
comparability of Junior Certificate results across secondary schools 
therby providing the base on which to measure LVA. Furthermore, the 
courses selected for study during the post-compulsory years very 
closely reflect those reported on the Junior Certificate. This 
enhances the validity of the Junior Certificate as a benchmark against 
which LVA at the end of Year 12 can be measured.
In order to ensure the identical nature of the two cohorts and 



therefore the validity of comparisons to be made between the 16 SHS 
only the 1991 Senior Certificate results of those students:
a. who obtained a Junior Certificate from their current school                
in 1989; or
b. who obtained a Junior Certificate from another Queensland    
school in 1989 and subsequently transferred to their current    
school during semester one 1990; and
c. whose Junior Certificate could be sighted, 
are considered.
This approach omits many students from the analysis including:
a. students repeating Year 11 in 1990 or Year 12 in 1991;
b. students who transferred from schools outside Queensland,                                      
which prevented their holding a Year 10 Junior Certificate 
issued by the Queensland education authorities;
c. students who changed schools after semester one, 1990, the     
first semester of the four semester upper secondary         
programme of study; and
d. mature age students who have returned to school to complete       
their secondary education.
To ascertain the LVA an analysis of covariance (ANCOVA) is used.
ANCOVA permits the use of intact groups, such as a particular cohort 
of students, which have different levels of ability or scholastic 
attainment within them (Wildt and Ahtola, 1978). The different levels 
of ability would normally bias the determination of LVA. This bias 
would not occur in a purely random sample of sufficient magnitude 
(Kirk, 1982). ANCOVA takes into account  other variables such as the 
student input mark which is standardised such that the potential bias 
is removed. 
The weighted Junior Certificate results can be considered as the 
independent variable and the weighted Senior Certificate results the 
dependent variable. It is also possible to include the covariates of 
school size (large, medium and small) and location (urban and rural) 
to assess their influence on this measure of effectiveness. However, 
in this study no consideration is taken of other variables, such as 
socio-economic background or teaching skills, which can influence LVA. 
This partially reflects the unavailability or unreliability of such 
information which would have permitted the identification of other 
covariates. In addition, this study is attempting to use multiple 
measures of effectiveness yet remain manageable.
ANCOVA, with the use of the statistical package SPSSx, permits 
scholastic attainment to be related to cost per student when 
determining a cost-effectiveness ratio for each SHS. 
Retention Rate 
In the context of this study, retention rate refers to the number of 
students who complete Year 12 studies at the end of the 1991 school 
year compared with the number of students who commenced Year 11 
studies at the beginning of the 1990 school year. 
To the list of those who began Year 11 studies in the sample schools 
in 1990 are added the names of those who joined this cohort of 
students  during first semester 1990. This base list of names for the 



cohort comes from those Year 10, 1989 students who re-enrolled for 
their post-compulsory education at the same school. To this list is 

added the names of students who joined this group, during semester 
1,1990, from other schools in Queensland or elsewhere and mature age 
students returning to complete their secondary education.
Invalid Absences 
The definition of invalid absences that is used in this study equates 
with that of "unapproved absences" used by D.E.E.T (1990). They may be 
defined as those absences over which the student has some control. 
They include absences for which no notification from legal guardians  
is given, holidays, studying at home, and helping at home for example, 
planting, harvesting, and undertaking domestic tasks.

In most schools sufficient knowledge of individual students, and their 
family situation exists for reliable value judgements on the validity 
of reasons for non-attendance to be made, usually by the senior 
mistress. Schools are asked to make this value judgement.
The data obtained is expressed in terms of invalid absences per 
hundred student days of possible attendance in each of four semesters 
in each school. This notion is expressed as:

 

 
Where:

 t1,t2 = semesters 1 and 2, for Year 11, 1990
 t3,t4 = semesters 1 and 2, for Year 12, 1991
 Sxt  = Total number of invalid absences in a semester
 t = 92 is a constant which identifies the number of days it was 

  possible for a student to attend school in a particular 
  semester

 nt1 = Number of students enroled in Year 11, 1990 on 21 
  February, 1990

 nt3 = Number of students enroled in Year 12, 1991 on 22 
  February, 1991

The numerator identifies the total number of invalid absences which 
are taken by the students enroled during each semester divided by the 
number of days the school is open during that semester. The 
denominator reflects the actual number of students enroled on a 
particular day in February of each year. The February dates are the 
collection dates for student enrolment identified on the Teacher and 
Subject Details Returns for 1990 and 1991. The use of these enrolment 
figures in the above equation reduces the number of invalid absences 
per hundred student days in 1990 and 1991, as no account is taken in 
the denominator of the number of students who leave or enter the 
cohort of students being studied during the year. The leavers form a 
larger group than new admittances because while some students may 



transfer to another educational institution others conclude their 
secondary education, at least for the foreseeable future, by entering 
or seeking to enter the workforce.
The mean number of invalid absences per semester per hundred student 
days for the Year 11(1990) and Year 12(1991) cohort of students is 
subsequently determined for each school.
The chief advantage of this approach is that results obtained can be 
generalised and compared, if required, with those applicable in other 
time frames, cohorts of students or even educational systems.
Cost-Effectiveness Analysis
The results of the analysis are shown in Table 1. Table 2 presents the 
same data expressed in terms of indices and then cost-effectiveness 
ratios. A comparison of Tables 1 and 2 illustrates one of the key 
reservations of CEA for educationalists. For example: Mastiff in terms 
of LVA ranks 14th of the 16 schools and when cost per student is 
considered is the second lowest. When the cost:LVA is determined 
Mastiff, with Kelpie, is the second most cost effective school after 
Bulldog. A similar but reverse situation can be illustrated at Corgi 
SHS which ranks 3rd in LVA but is the least cost effective of all the 
schools in the study. It is to be expected that CEA will result in 

changes in rank order of schools but CEA loses credibility with 
educationalists when the changes are of this magnitude.
It is clear that to this point that three separate CEA studies have 
been undertaken with the input, cost, being common to all three. 
Data Envelopment Analysis
One of the challenges associated with using CEA as a tool in the 
educational domain is that education has multiple goals. CEA is 
essentially a ratio analysis that is one input variable: one output 
variable. Yet, in any given educational situation, although the cost 
side of the cost-effective ratio will be the same, the number of CEA 
studies that need to be undertaken reflect the number of measurable 
objectives being analysed. Clearly this is not very practical, and 
limits the use of CEA for educational planning, because for a school 
to be effective it must be so over a number of objectives. Therefore, 
there needs to be a way to combine the results of these multiple 
studies of outputs.
The attraction of Data Envelopment Analysis (DEA) in an educational 
setting is that not only does it permit consideration of multiple 
outputs but also multiple inputs. Whilst a clear relationship between 
costs and effectiveness has not so far been established, DEA provides 
a link between educational and economic analysis and is therefore 
relevant in times of limited resources. From an economic viewpoint it 
is possible to view the production of educational outcomes 
as a flow process, where "inputs"... are linked with 
"outputs" ... via processes which are themselves capable of 
differentiation. (Jesson et al., 1987:252)
Smith and Mayston (1987:182-183) state the underlying assumptions as:
1. The production frontier is defined by the most efficient               



organisations....
2. There are constant returns to scale (i.e. equal 
proportionate increases in inputs leads to the same 
proportionate increase in all outputs along the 
efficient frontier). This implies that the production 
frontier is a ray, with constant gradient and passing 
through the origin....
3. The production frontier in convex to the origin, and has 
nowhere a positive slope.
These assumptions indicate an isoquant analysis in which the most 
efficient firms in terms of a given output use various weights of the 
same inputs to achieve the given objective. Less efficient firms are 
those which require more of the inputs to achieve the same level of 
output. From an educational planning perspective this approach may not 
be as useful as the antithesis where inputs are given or known and the 
level of best performance that can be obtained from those inputs is 
identified. 
Charnes, Cooper and Rhodes (1979, 1981) have developed the technique  
so that it has the ability to deal with multiple outputs.
DEA is based on the economics concept of Pareto-optimality, 
which states that a given decision making unit (DMU) is 
underperforming if some other DMU, ..., can achieve at 
least the same amounts of all outputs with less of some 
resource input and not any more of any other resource. 
(Lewin and Minton, 1986:528-9)
Given limited resources and the fact that education has multiple 
outcomes, "trade-offs" exist between the maximum feasible levels of 
different desirable outputs. It is therefore possible for decision 
makers, that is at the school level, to make different policy choices 
which reflect their priorities. 
The role of DEA is to form an "envelope" from the available data such 
that any other data lie on or below this production possibility curve, 
or "efficiency frontier". The efficiency measure is really one of 
"relative efficiency" that is, relative to what it has been shown as 
possible to achieve with identical inputs. Goldstein (1990:17) defines 
efficiency as 'a weighted sum of "outputs" divided by a (differently) 
weighted sum of inputs, with the weights estimated from the data'. 
Figure 1. illustrates the principle underlying DEA.

 
Figure 1: Relative Achievement on Two Outcome Measures where Inputs 

    are Identical. (Source: Jesson et al, 1987)
The line ABD represents the "efficiency" frontier. A B and D  are 
making different policy choices according to their respective 
priorities about the two outcomes. C, with the same level of  
resources, is achieving OC/OE of both output 1 and output 2 compared 
with E. OC/OE represents its coefficient of efficiency. Given what is 
achievable, C could achieve (OE/OC)-1 more of both outputs from the 
same level of resources. In other words, 'it is far better to compare 



performances with the best actually achieved than with some 
unattainable ideal' (Farrell, 1957:255).
The framework this analysis provides can 'highlight the extent of the 
improvements in educational outputs that are possible' without 
additional inputs. However, the analysis is limited 'by the adequacy 
of the data fed into it' (Jesson et al., 1987:263). Efficiency as 
identified in a DEA is influenced by the inputs and outputs that are 
included. Inefficiency may reflect that resources are being devoted to 
outputs not incorporated in the DEA. Nevertheless, where relative 
inefficiency is suggested by the analysis the organisation 'must be 
able to point to some compensating differences from its peer group, if 
it is to redeem itself' (Jesson et al., 1987:264). 
'DEA focusses explicitly on across the board feasible proportionate 
increases in all the categories of performance being considered' - 
that is, 'simultaneously achievable goals' (Mayston and Jesson, 
1988:335).
The care that is needed in defining both the input and output 
variables is emphasised by Goldstein (1990:19) 'so that proper 
interpretation of the term "efficiency" can be made'. He stresses the 
need to have 'some information about the relationship between input 
and output variables'. This point is picked up in a critique by Desai 
(1992:40) who states: 'not only does DEA assume that there exists a 
relationship between the inputs and outputs but it also assumes that 
the schools exhibiting best practice are those where the relationship 
is optimally implemented'. In addition, if the relationship is not 
obvious it will become so when the best practice schools are 
identified and studied further.
Another difficulty raised by Goldstein (1990: 20) is that analysis is 
based on school level data, either 'whole school characteristics or 
the average characteristics of all the students in a school or school 
year'. He believes that 'the only secure basis for comparisons of 
units such as schools ... lies in multilevel analyses where individual 
pupil data are used together with information about schools and higher 
level units'. Yet, clearly from a system level planning perspective it 
is school level data that is needed. 
Because school effectiveness is multidimensional and schools have 
different effects on different groups of students Goldstein (1990: 20) 
concludes 'it is difficult to see any justification for the use of DEA 
in studies of educational efficiency'. However, Desai (1992:40) 
suggests that 'DEA may be interpreted as an attention-focussing device 
whereby the analyst, using available data, quickly identifies 
exceptional performance (both good and bad)'.
Both Goldstein (1992) and Desai (1992) agree that the term 
"efficiency" should be dropped because its use has led to considerable 
misunderstanding about DEA. It would seem, that as DEA is referring to 
"relative efficiency" and not "absolute efficiency" that it is 
presenting a measure of performance or effectiveness. The consequence 
of this is that instead of an "efficiency frontier" it might be more 
pertinent to refer to the envelope as an "effectiveness frontier" or 
'achievement possibility frontier' (Mayston and Jesson, 1988:326) 



which  attempts to portray the relationship between input and output 
variables.
DEA is a 'mathematical technique based on the principles of linear 
programming theory and application' (Silkman, 1986:2) At present its 
use is 'being restrained by its mathematical complexity and by the 
absence of user-friendly computer software packages' (1986:5). 

Figure 2: Relative Achievements between Scholastic Attainment and 
    Retention Rate: Coefficient of Efficiency

At present within the context of the case study DEA is applied to one 
input, inschool recurrent cost and two outputs, scholastic achievement 
and retention rate. Figure 2 shows the relative achievements of these 
schools and the envelope forming the efficiency frontier based on 
these two output measures. Table 3 presents the coefficient of 
efficiency for the case study schools, the percentage improvement that 
DEA identifies as possible within the current level of inputs, the 
actual performance, and the DEA 'achievable' performance in both 
outputs.
A possible reason for these unattainable 'achievable' results is that 
there is in this analysis only one input: recurrent inschool cost per 
Year 11,1990, and Year 12,1991 student. This means that the relative 
weight of the inputs falls entirely on one input and is not 
distributed over a number of inputs as in the analysis of Jesson and 
Mayston using LEAs. However, whether additional inputs such as: the 
percentage of children whose family head is a non-manual worker; the 
percentage of children not from one-parent families; and the 
percentage of children born overseas or whose family head was born 
overseas (1987:258), are valid considerations in the planning process 
or are external to the decision making framework (Stone, 1992:4) only 
the decision maker can decide. The results obtained in this analysis 
do raise the question as to the broad applicability of DEA even when 
using only one input and two output measures.
A description of the DEA information as presented below can provide a 
measure of understanding of policy choices made by the schools and can 
account for the overall efficiency score. For example:

Bulldog: efficiency: 1.0000
Inputs: Inschool Recurrent Cost: 1.00
Outputs: Scholastic Attainment: 0.54



Retention Rate: 0.46
The relative weights of 0.54 and 0.46 on the two output measures 
illustrate that Bulldog's overall efficiency score is accounted for 
almost equally by the two output measures. Bulldog is, therefore, a 
moderately well balanced school in the reasons for its high efficiency 
score.

Collie: efficiency: 1.0000
Inputs: Inschool Recurrent Cost: 1.00
Outputs:  Scholastic Attainment: 0.64

Retention Rate: 0.36
The overall high level of efficiency of Collie is accounted for more 
by scholastic attainment than by its retention rate.

Malinois: efficiency: 0.4397
Inputs: Inschool Recurrent Cost:1.00
Outputs: Scholastic Attainment: 0.57

Retention Rate: 0.42
The inefficiency of Malinois on these output measures can be  
attributed more to its low retention rate than to its scholastic 
attainment scores.

Figure 3: Scholastic Attainment plotted against Relative 'Efficiency' 
    for 16 SHS

Figure 3 illustrates that for any given relative efficiency score  
there can be different levels of scholastic attainment within the 16 
SHS. This focuses on the point that schools do not have to have the 
same goals to be equally efficient in relative terms.
According to Jesson and Mayston (1987,1988) the DEA requires that the 
inputs used be identical. On the criteria they give, the use of 
recurrent inschool costs is acceptable. However, there are 
statistically significant differences between these recurrent inschool 
costs when the cost figures of individual schools and size groups are 



compared. The Hukey HSD test shows that there is no significant 
difference (p>0.01) between the recurrent inschool costs of the medium 
and large schools; but there is a significant difference (p>0.05) 
between the recurrent inschool costs of the small and medium size 
schools. This difference remains even when the outlier school, Corgi, 
is removed from the analysis. 
It is not surprising that when a DEA is undertaken on the medium and 
large schools only, the coefficient of efficiency for each of the 
schools remains the same. This is accounted for by the fact that two 
large schools, Collie and Bulldog, form the efficiency frontier for 
the two output measures of scholastic attainment and retention rate. 
A difference is noted when a DEA is undertaken using scholastic 
attainment and invalid absences or retention rate and invalid absences 
as the alternative output measures. This reflects the fact that in the 
first case, in addition to Collie and Spaniel (large and medium size 
schools respectively), Bassett and Hound, both small schools, are on 
the efficiency frontier; and in the second case Hound is located on 
the efficiency frontier with Bulldog. To overcome this difficulty a 
tighter definition of "identical" is required.
Conclusion 
According to Mayston and Jesson (1988), 'by taking into account 
simultaneously all three educational outcomes' together with the input 
measures, DEA 'can make an overall assessment of ... [a school's] 
effectiveness and indicate the extent of the overall improvements in 
each category performance that are still feasible within the existing 
resource constraint'(p.335). DEA may be the technique which extends 
the valuable framework provided by CEA; permits educational planners 
to consider the multiple outcomes which constitute the product of 
formal schooling; and enables the relative efficiency or effectiveness 
of performance indicators to be identified.
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Table 1: Raw Results of Cost-Effectiveness Analysis

INSCHOOL
EFFECTIVENESS MEASURES

SCHOOL
COHORT 
SIZE
RECURRENT 
COST
Scholastic 
Attainment
Retention 
Rate
Invalid 
Absences1

n
per 
Student in 
Cohort 
$
Weighted 
Adjusted 
Mean
%
Per 100 
Student 
Days of 
Possible 



Attendance 

Small Schools

Corgi
42
9545
18.26
77.3
4.09

Hound
61
7832
16.92
80.0
0.32

Basset
86
7443
17.78
59.1
0.59

Ibiza
91
7584
16.45
56.9
3.63

Boxer
92
7250
15.57
70.1
2.64

Coyote
94
7785
16.93



62.3
N.A.

Medium Schools

Beagle
136
6834
15.09
58.9
4.88

Afghan
137
6887
16.30
77.1
1.76

Spaniel
147
6541
17.07
75.5
0.34

Husky
173
6183
17.19
66.9
1.28

Malinois
189
6020
16.60
52.0
3.88

Large Schools



Collie
223
6637

18.64
72.6
2.13

Mastiff
260
5502
15.9
64.3
4.27

Kelpie
306
6052
17.45
61.5
N.A.

Poodle
312
5978
16.57
67.9
2.63

Bulldog
370
5331
18.29
82.1
3.05

1 Invalid Absence is a negative measure.

Table 2: Cost and Effectiveness Indices and the Corresponding Cost-
   Effectiveness Ratios

School
Cost 
Index
Scholastic 



Attainment

Retention Rate

Invalid Absences

Index
Cost:SA 
Index
Cost:RR
Index
Cost:IA

Small Schools

Corgi 
145.93
106.97
1:0.73
102.38
1:0.70
1202.94
1:8.24

Hound
119.74
99.12
1:0.83
105.96
1:0.88
94.12
1:0.79

Basset
113.79
104.16



1:0.92
78.28
1:0.69
173.53
1:1.53

Ibiza
115.95
96.37
1:0.83
75.36
1:0.65
1067.65
1:9.21

Boxer
110.84
91.21
1:0.82
92.85
1:0.84
776.47
1:7.01

Coyote
119.02
99.18
1:0.83
82.52
1:0.69
N.A.
N.A.

Medium Schools

Beagle
104.48
88.40
1:0.85
78.01
1:0.75



1435.29
1:13.74

Afghan
105.29
95.49
1:0.91
102.12
1:0.97
517.65
1:4.92

Spaniel
100.00
100.00
1:1
100.00
1:1
100.00
1:1

Husky
94.53
100.70
1:1.07
88.61
1:0.94
376.47
1:3.98

Malinois
92.03
97.25
1:1.06
68.87
1:0.75
1141.18
1:12.4

Large Schools

Collie
101.47



109.20
1:1.08
96.16
1:0.95
626.47
1:6.17

Mastiff
84.12

93.15
1:1.11
85.17
1:1.01
1255.88
1:14.93

Kelpie
92.52
102.34
1:1.11
81.46
1:0.88
N.A.
N.A.

Poodle
91.39
97.07
1:1.06
89.93
1:0.98
773.53
1:8.46

Bulldog
81.50
107.15
1:1.31
108.74
1:1.33
897.06
1:11.01

Table 3: Results of DEA in Sixteen SHS 



SCHOOL
Coefficient 
of 
Achievable 
% 
Improvement 
Scholastic 
Attainment

Retention Rate
%

Efficiency1
in Outputs
Actual
Achievable
Actual
Achievable

Small Schools

Corgie
0.9502
5.24
18.26
19.22
77.3
81.4

Hound
0.9369
6.73
16.92
18.06
80.0
85.4

Basset
0.7561



32.26
17.78
23.52
59.1
78.2

Ibiza
0.3919
155.17
16.45
[41.98]
56.9
[145.2]

Boxer
0.6287
59.06
15.57
24.77
70.1
[111.5]

Coyote
0.5287
89.14
16.93
[32.02]
62.3
[117.8]

Medium Schools

Beagle
0.2784
259.20
15.09
[54.20]
58.9
[211.6]

Afghan
0.8444



18.43
16.30
19.30
77.1
91.3

Spaniel
0.8021
24.67
17.07
21.28
75.5
94.1

Husky
0.6374
56.89
17.19
26.97
66.9
[105.0]

Malinois
0.4397
127.43
16.60
[37.75]
52.0
[118.3]

Large Schools

Collie
1.0000
-
18.64
18.64
72.6
72.6

Mastiff
0.4516
121.43
15.9



[35.21]
64.3
[142.4]

Kelpie
0.6689
49.50
17.45
26.09
61.5
91.9

Poodle

0.5635
77.46
16.57
29.41
67.9
[120.5]

Bulldog
1.0000
-
18.29
18.29
82.1
82.1

1. It is not clear why Jesson and Mayston work to four decimal places.   
   The effect on what is 'achievable' is minimal when compared with    
   results calculated from coefficients of efficiency expressed to two 
   decimal places. There appears to be no potential impact for         
   planning purposes.
[  ] indicates that the 'achievable' result is not feasible because    
     the result is larger than the maximum possible. For scholastic                
     attainment the maximum weighted adjusted mean would be 30         
     (realistically in educational terms this is not achievable); and  
     for the retention rate the maximum result cannot exceed 100%

"Work in Progress"
Errata:
1. A more appropriate formula to the one presented on page 6 is:



Where: m = the number of possible days of student 
attendance in      each semester.
2. Since writing the paper in September, 1992 I have been shown 
some of the relevant technical aspects of linear programming. 
This has demonstrated weaknesses in the data reported in Figures 
2,3; Table 3; and the description of DEA information appearing on 
pp 13-14.
Progress
The relative efficiency score of each school using one input 
measure and three output measures (n=14) shows that three 
schools, namely: Hound (a small school), Spaniel (a medium sized 
school) and Bulldog (a large school), are operating at their 
optimal efficiency, that is they have an "efficiency score" of 
1.0000. These schools therefore form the efficiency frontier for 
the SHS in the study. Despite being one of the most effective 
schools in terms of its LVA and retention rate Corgi has the 
lowest efficiency score of 0.5567.
It is also possible to ascertain the level of outputs that could 
be achieved by each of the schools operating inside the 
efficiency frontier if they were performing at their optimum 
given their current inputs. Those schools on the frontier are 
already functioning in the best possible way and no improvement 
in their level of outputs, given their current inputs is 
feasible. The weighting the linear programme attributed to each 
variable has not changed. 
A question arises about what DEA attributes to "achievable" 
scores at Corgi and Boxer. It is not possible for a student, let 
alone a school, to have a LVA score greater than 30. This assumes 

that a student obtained more than the highest level of 
achievement possible for each of the six subjects studied. For a 
school to have a score of 30 implies that every student studied 
only Board subjects and that every member of the cohort of 
students obtained the highest level of achievement in every Board 
Subject. Clearly this does not reflect educational reality. 
The methodology used to determine the retention rate at each 
school precluded the possibility that a school could have a 
higher retention rate than 100 percent. 
It is also noteworthy in this analysis of what is achievable, 
that, in all the schools located below the efficiency frontier, 
invalid absences increased, whereas educationalists would hope 
that what is achievable would suggest that attendance levels 
could be improved.
Given the overall efficiency scores for each of the 14 SHS, of 
interest is the relative emphasis placed, consciously or 
unconsciously, by each school on the performance indicators that 



have been measured. For example, it would appear that for the 
schools on the frontier Hound and Spaniel place a greater 
emphasis on attendance than Bulldog; LVA is of greater importance 
at Bulldog; and all three schools regard retaining students at 
school to the end of Year 12 as important. Also of interest is 
that schools which have not achieved as high an efficiency score 
as these three schools may be much more effective in one or more 
outcomes, for example Basset and Collie.
The information provided by the DEA also identifies by how much 
the inputs and outputs would have to change in order to place the 
school on the efficiency frontier given the current level on 
inputs and outputs and the schools against which relative 
efficiency is being measured. Of note is that:
* all schools below the efficiency frontier would need to 
reduce their IRC by between 79.3 percent at Corgi to 3 percent at 
Husky;
* the majority of schools are operating at their optimal 
level in LVA; in fact Corgi could lower its effectiveness in this 
measure and still operate efficiently; and
* in both retention rate and invalid absences some schools 
not on the frontier are functioning at their "best" position, 
while Collie, Husky and Afghan can reduce their effectiveness on 
attendance levels and yet remain on the frontier.
A confusing issue is that when achievable scores are being 
considered all schools below the efficiency frontier showed 
higher invalid absences (that is, a worse result) yet when the 
optimal solutions to place schools on the efficiency frontier are 
identified some schools would be required to improve their 
performance and others could be less effective yet still remain 
on the frontier.
Discussion
1. Regardless of their input, as expressed by Internal 
Recurrent Costs, it is possible for small schools to be on the 
relative efficiency frontier even though at p>0.01 they have 
significantly more IRC.
2. A large number of schools, in addition to those on the 
frontier are operating at their optimal position especially in 
relation to scholastic attainment. This will delight the many 
educationalists who regard learning outcomes as the only or at 
least the main objective of formal schooling.
3. Some schools are being "too effective" in one of their 
outcome measures. They could reduce the amount of resources going 
into those outputs without any detriment to their overall 
relative efficiency.
4. In the performance indicator scholastic attainment the 
effect of the Year 10 results had been taken into account in the 
output measure "Learning Value Added". What would have been the 
effect on the overall relative efficiency score if it had been an 
input measure, with IRC, in the DEA? This has been the approach 



used in the UK study involving LEAs.
5. Is a proxy measure for invalid absences required because 
it is in essence a negative measure of effectiveness?
Implications for Decision Making
Decision makers must know precisely what performance indicators, 
that is effectiveness measures for which it is realistic to 
obtain a tangible measure, are the relevant ones which will be 
affected by a policy change. Although it may not be politically 
acceptable, the use of overall "vague" language such as 'schools 
being effective' is no longer an option.
Planners must be aware of the inputs into the educational process 
over which they can have some control; and how they can be 
identified and measured. For example, would the use of the 
component parts of Internal Recurrent Costs, that is how the 
costs are apportioned to the functions of Face-to-Face Teaching; 
Administration; Teaching Support Activities; and Other Student 
Support Activities, have generated a different relative 
efficiency score if there had been four input variables instead 
of one? 
Would the curriculum offering such as the number of subjects 
available change the DEA results if they were considered as an 
input variable. For example, Hound, a school on the frontier has 
a restricted curriculum offering, yet Corgi with a smaller 
enrolment has a much broader offering and could reduce its 
curriculum provision without effecting its efficiency score.
Other input variables worthy of consideration could include: the amount of 
time per week spent at each school on each Board Subject; teaching staff 
numbers; teaching staff experience; and the numbers of teaching staff in 
promotions positions. What is important is that the planners are clear as 
to which are the relevant inputs or more particularly which are the 
variables about which decision makers want to make policy decisions.
Then having obtained the relative efficiency scores, those schools on the 
frontier should be studied to ascertain what it is about their policies 
and/or mode of operation that makes them the "best".
As with cost-effectiveness analysis, data envelopment analysis is 
a tool to open new horizons. It does not provide all "enveloping" 
answers.                                                               

Marian C.Stone                    
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