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Table 5. Efficiency Scores of Social Sciences

B=1000 B=2000
DMUs theta

theta  bias Low Up theta bias Low Up
Aceh 1.00 .98 .02 .92 1.00 .97 .03 .92 1.00
Bali 1.00 97 .03 .92 1.00 98 .02 .92 1.00
Bangka Belitung 1.00 .98 .02 .92 1.00 98 .02 .92 1.00
Banten 93 .92 .01 91 93 92 .01 91 93
Bengkulu 1.00 .98 .02 .95 1.00 98 .02 .95 1.00
DI Yogyakarta 1.00 97 .03 .92 1.00 98 .02 .92 1.00
DKI Jakarta 1.00 .98 .02 .96 1.00 98 .02 .95 1.00
Gorontalo 1.00 .98 .02 .92 1.00 98 .02 .92 1.00
Jambi .99 .98 .01 .95 .99 98 .01 .95 .99
West Java 1.00 .98 .02 .92 1.00 .97 .03 .92 1.00
Central Java 1.00 .98 .02 .92 1.00 98 .02 .92 1.00
East Java 1.00 .98 .02 .92 1.00 98 .02 .92 1.00
West Kalimantan .95 .94 .01 .92 .95 .94 .01 .92 .95
South Kalimantan .92 91 .01 .89 .92 91 .01 .88 .92
Central Kalimantan .93 .92 .01 .90 .93 .92 .01 .90 93
East Kalimantan 91 .90 .01 .88 91 .90 .01 .88 91
North Kalimantan 1.00 97 .03 .92 1.00 .97 .03 .92 1.00
Riau Island 1.00 .98 .02 .92 1.00 98 .02 .92 1.00
Lampung 95 .94 .01 .93 .95 .94 .01 .93 95
Maluku .96 .95 .01 .93 .96 .95 .01 .93 .96
North Maluku 1.00 97 .03 .92 1.00 .97 .03 .92 1.00
West Nusa Tenggara .96 .95 .01 93 .96 95 .01 93 .96
East Nusa Tenggara 92 91 .01 .87 92 91 .01 .88 .92
Papua 95 .94 .01 .93 .95 .94 .01 .93 95
West Papua 1.00 97 .03 .92 1.00 98 .02 .92 1.00
Riau .99 .98 .01 .95 .99 98 .01 .95 .99
West Sulawesi 1.00 .98 .02 .92 1.00 98 .02 .92 1.00
South Sulawesi 1.00 97 .03 .92 1.00 .97 .03 .92 1.00
Central Sulawesi .96 .95 .01 .92 .96 .95 .01 .92 .96
Southeast Sulawesi 1.00 .97 .03 .92 1.00 98 .02 .92 1.00
North Sulawesi 1.00 .99 .01 .95 1.00 .99 .01 .96 1.00
West Sumatra 1.00 .98 .02 .92 1.00 98 .02 .92 1.00
South Sumatra 1.00 .98 .02 .95 1.00 98 .02 .95 1.00
North Sumatra 1.00 .97 .03 .92 1.00 98 .02 .92 1.00

Figure 2. Efficiency Scores of Social Sciences
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making units. Table 2 presents the general
description of the input and output variables for
natural science specializationswhereas Table
3 shows statistics descriptive of social science
specializations that are used in this study.

From table 2 and Table 3, input variables
are represented by X, where X1 is the number of
participants of national exam in 2016, X2 is the
number of students, X3 is the number of schools,
X4 is the number of teachers, X5 is the number
of libraries, and X6 is the number of classrooms.
Meanwhile, output variables are represented by
Ywhere Y1 is the average score of national exam
in Indonesian, Y2 is the average score of national
exam in mathematics, Y3 is the average score of
national exam in English, and Y4 is the number
of graduates.

To analyze technical performance of all
provinces in organizing high school education
for natural science specializations then the input
and output data in table 2 are analyzed by using
R studio. Table 4 shows the efficiency scores for
both the traditional DEA and bootstrapped DEA
of natural sciences specializations.

From Table 4, theta indicates the efficiency
scores for the traditional DEA and bootstrapped
DEA; bias represents the bootstrap bias estimates
for the DMUs whereas Low and Up indicate the
lower and upper bounds of confidence intervals,
respectively. Further, B=1000 and B=2000
indicate the numbers of bootstrap replications.
Table 4 indicates the efficiency scores for natural
sciences where the average efficiency score of
the traditional DEA is .99 while its average for
bootstrapped DEA is .98 where both the numbers
of replicates B=1000 and B=2000 produce
similar value.Figure 1 shows the relationship of
the efficiency scores from the traditional DEA
and bootstrapped DEA for natural sciences.

From figure 1 it can be seen clearly that
the efficiency scores from the traditional DEA
has linear relationship with the efficiency scores
from the bootstrapped DEA, where the scores
of the traditional DEA are represented by blue
line whereas the bias-corrected scores of the
bootstrapped DEA are represented by red and
green lines for the numbers of replications
B=1000 and B=2000, respectively.

Furthermore, to measure the technical
performance of these provinces in social science
specializations then the input and output data
in table 3 are analyzed. Table 5 shows the
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efficiency scores for both the traditional DEA
and bootstrapped DEA of social sciences.

Table 5 indicates the efficiency scores
for each DMU based on social sciences
specializations where the average efficiency
score of the traditional DEA is .98 while its
average of bootstrapped DEA is .96 where both
the number of replications B=1000 and B=2000
provide similar value. This indicates similar
results to the natural sciences specializations
where the traditional DEA produce higher
average efficiency score than the bootstrapped
DEA although the difference is not significant.
Figure 2 shows the relationship of the efficiency
scores from the traditional DEA and bootstrapped
DEA for social sciences.

From figure 2 it also can be seen clearly
that the traditional DEA and bootstrapped DEA
have linear relationship where the efficiency
scores of the bootstrapped DEA go along with
the efficiency scores of the traditional DEA
increase.

Discussion

This study applies bootstrap approach on
data envelopment analysis in order to test the
efficiency performance of high schools education
in Indonesia. As mentioned earlier, bootstrap
approach is expected to produce better accuracy
than traditional DEA. Further, this study focuses
on comparing its efficiency on natural and social
sciences specializations, which are commonly
offered by all high schools in Indonesia. There
are six input variables and four output variables
are used to analyzing the efficiency of 34
DMUs which are represented by all Indonesian
provinces.

In order to obtain the efficiency scores
which represent all of provinces efficiency
performances, this study follows the algorithms
that are suggested by Simar & Wilson (1998)
where bias-corrected efficiency scores from
bootstrapped DEA are analyzed to deal with the
sensitivity of the traditional DEA.

The empirical results of the traditional
DEA produce the following results. The average
efficiency score of natural science is .99 and
its standard deviation is .02, which means that
the performance of all provinces in organizing
high schools education in natural sciences
specialization reaches 99%. Meanwhile, the
average score of social sciences is .98 while the
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standard deviation is .03, which means that all
provinces in Indonesia are able to support their
activities by using 98% of'theirresources. Further,
based on the idea of Thanassoulis, Dyson, &
Foster(1987) of the discrimination phase then the
provinces in Indonesia are expected to be able
to support the activity by using 99% and 98%
of the existing resources for natural and social
sciences specializations, respectively.

These results indicate that all provinces
in Indonesia have very good performance in
organizing high school for both natural and
social sciences specializations.This statement
is also supported by the results also indicate
for the two specializations produce more than
50% of provinces perform efficiently, where
their efficiency scores are 1.00. Natural science
produce as many as 24 provinces (70.59%)
have efficient performance. Meanwhile, there
are 21 provinces (61.76%) perform efficiently
in organizing high school education for social
science. Beside, the lowest scores of technical
efficiency for both natural and social sciences
are .92 and .91, respectively. It comes as no
surprise that for the two specializations it was
found that East Kalimantan province has the
lowest performance efficiency.

Thus, we can safely conclude that overall
all provinces in Indonesia have worked very
well in carrying out their duties to organize high
schools where both the average score and the
lowest score of efficiency are more than 90%.
This result is in line with the studies conducted
by Gharakhani, Kazemi, & Haji (2011) and
Mahmudah, et al. (2018) where all provinces
have performance efficiency more than 90% in
organizing high schools.

Summing it up, based on the traditional
DEA the results show a slight difference in natural
and social sciences where provinces in Indonesia
has a slightly better performance in organizing
high schools based on specialization of natural
sciences. The results show that natural science
has a higher average score of efficiency scores
than social science. Further, the lowest score
efficiency for natural science is higher than social
science. Besides, natural science also produces
more provinces that have efficient performance.
These show excellent accuracy of the estimation
results for the two specializations.

By using the algorithms of bootstrapped
DEA proposed by Simar & Wilson (1998) then

the bias-corrected scores are as follows. Based
on table 4 and table 5 the bootstrap approach
provides consistent results for both the numbers
of replication B=1000 and B=2000 where
they produce values whose differences are not
significant. Further, they produce efficiency
scores whose values are not far from the efficiency
scores based on the traditional DEA. In fact,
these values follow the efficiency scores of the
traditional DEA continuously. It is important to
note that both specializations produce consistent
results.

Based on table 4 the average efficiency
score for natural sciences specialization based
on the bootstrap DEAis .98, which is smaller
than the average score from the traditional DEA
(.99). This result is consistent with the previous
studies which suggest that bootstrapped DEA
tend to produce smaller values of efficiency
scores than the traditional DEA (see Simar &
Wilson (1998); Ben-Tal&Nemirovski (2000);
Bertsimas& Sim (2003); Mahmudah, et al.
(2018), et cetera). Whereas the average of bias
estimates is .01, which is very small. Further, the
average range of lower and upper bounds is .05
which also indicate a very small range.

Furthermore, the average efficiency score
for social science based on the bootstrapped DEA
for both the number of replications B=1000 and
B=2000 provide similar value, which is .96. For
the samereason, thisresultalso consistent with the
previous studies because the average score based
on the traditional DEA is .98. The bootstrapped
DEA for social science also produce very small
value for both the average of bias estimate and
the range, which are .02 and .06. The results of
the bootstrapped DEA also indicate provinces in
Indonesia have better performance in organizing
natural science than social science, which has
no contradiction with the results published by
Mahmudabh, et al. (2018).

The results of the bootstrapped DEA
also reveal that the province that has the lowest
efficiency score in organizing natural and social
sciences specializations is East Kalimantan
where the scores are .91 and .90, respectively.
Therefore, it is safe to conclude that the province
of East Kalimantan has the worst performance
among all provinces in organizing high school
education of both natural and social sciences
specializations. However, based on Thanassoulis,
et al. (1987) East Kalimantan is expected to be
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able to support its activity regarding the existing
resources by using 91% and 90% for both natural
and social sciences, respectively. This shows
that the province of East Kalimantan actually
has good performance in organizing natural and
social sciences specializations. Therefore, based
on both the traditional DEA and bootstrapped
DEA it can be said that all provinces in Indonesia
perform well generally.

Furthermore, based on figure 1 and figure
2 also indicate that when the efficiency scores
of the traditional DEA increase then the bias-
corrected scores of bootstrapped DEA go up.
On the contrary, when the efficiency scores
in the traditional DEA decrease, its scores in
the bootstrapped DEA go down. These figures
illustrate clearlythe linear relationship between
the traditional DEA and bootstrapped DEA,
where the efficiency scores of the bootstrapped
DEA go along with the efficiency scores of the
traditional DEA.

Overall, the empirical results based on
table 4 and table 5 reveal that bootstrap approach
provides bias-corrected efficiency scores that
do not conflict with the traditional DEA. These
statements are in line with previous studies
which state there is no contradiction between
the traditional DEA and the bootstrap DEA
because the second approach is to improve the
traditional DEA (see Simar & Wilson (1998)
and Bertsimas& Sim (2003); and Mahmudabh,
et al. (2018)). Most studies apply bootstrap or
robust approach on DEA model in analyzing
efficiency performance claim that the approaches
provide better accuracy then the traditional DEA
(seeSimar & Wilson (1998); Bertsimas& Sim
(2003); Gharakhani, et al. (2011); Mahmudah, et
al. (2018), et cetera).

Furthermore, the bias-corrected efficiency
scores from bootstrapped DEA are always in the
interval ranges where the scores of the traditional
DEA tend to be the same as the upper limit of the
confidence intervals of the estimated efficiencies
from bootstrapped DEA. The results also indicate
that bootstrap approach provides a narrow range
of confidence intervals for both natural and
social sciences specializations. This shows that
bootstrap approach on DEA model provides
consistent results while the traditional DEA
tends to obtain over-estimate efficiency scores
therefore the final results are less reliable.
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To crown it all, bootstrap approach
produces less uncertainty of the estimation
results of efficiency scores in analyzing the
performance of Indonesian provinces in
organizing high schools for both natural and
social sciences specializations. Thus, it can be
said that the bootstrapped DEA produces better
results than the traditional DEA because its
accuracy is better.

CONCLUSION

This study measures the efficiency
performance of Indonesian provinces in
organizing high schools education for both
natural and social sciences specializations by
using data envelopment analysis. This method is
one of the most popular methods in measuring
technical efficiency of DMUs because its
simplicity. However, bootstrap approach is
applied on DEA in order to deal with the weakness
of the traditional DEA where this method needs
high level accuracy of input and output data.
Besides, the existence of outliers tends to cause
the traditional DEA produce over-estimate
efficiency scores. The empirical results indicate
that all provinces in Indonesia perform very well
in organizing high school education for both
natural and social sciences specializations. The
results also reveal that all provinces in Indonesia
have better performance in organizing natural
sciences than social sciences where the traditional
DEA produce as many as 70.59% and 61.76% of
the provinces that perform efficiently based on
natural and social sciences, respectively.

Furthermore, the results indicate that
bootstrap approach provides consistent results
where its efficiency scores follow the efficiency
scores of the traditional DEA continuously. The
results also indicate that bootstrap approach on
DEA provide better accuracy of efficiency scores
while the traditional DEA tends to produce
over-estimate efficiency scores. Therefore, this
study suggests that bootstrapped DEA is more
appropriate to be implemented when measuring
the efficiency performance due to it provides
better precision results.
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