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Abstract - The study uses Data Envelopment Analysis to evaluate papaya production in key Taiwanese cultivation zones from
2018-2021. Papaya yield is output, whereas seeds, labor, capital, fertilizers, and pesticides are inputs. Estimated county-level
technical efficiency ratings measure production. The Malmquist Productivity Index explain productivity trends in which
Nantou has the greatest mean technical efficiency, whereas Pingtung has the lowest and is falling. This study shows regional
and temporal variability in Taiwanese papaya production efficiency. Prioritizing technical diffusion, input reallocation, and

agricultural extension services can boost lagging regions' production to best practice.
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1. Introduction

Taiwan is a tropical and temperate climate country that
cultivates various crops, including tropical fruits such as
papaya. The cultivation of papaya is economically significant
due to consistent year-round production and high yields [1].
The major papaya production is in Tainan, Pingtung, and
Kaohsiung County. Domestic consumption dominates
papaya demand in Taiwan, with only a small portion
exported [2]. This robust internal market has driven
significant growth in papaya consumption of 6-11%
annually from 2019 to 2020 [3].

Recognizing papaya's potential, the Taiwanese
government has implemented strategies to boost production,
including subsidies for farmers [4] and facilitating domestic
and international market access. Growth of productivity is a
primary criterion indicating the advancement of production
units. Productivity denotes the utilization and integration of
productivity variables within a manufacturing unit.
Agricultural production such as rice production in Taiwan
was very efficient but exhibited regional variations and an
overall decline [5]. Thus, measuring efficiency is essential
for estimating the production frontier to evaluate efficiency
among different areas. Against this backdrop, this study aims
to evaluate papaya production using DEA and analyze
productivity trends from 2018 to 2021 through the
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Malmquist Productivity Index with the primary papaya-
producing counties in Taiwan.

2. Literature Review

Data Envelopment Analysis has developed as a non-
parametric technique for estimating efficiency of DMUs
against the best practice frontier, obviating the need for a
pre-established production function linking inputs and
outputs [6]. The agricultural sector has experienced
substantial applications of DEA in evaluating many
performance parameters, including production efficiency [7]
productivity [8], and land usage [9] at regional scales.
Several expansion techniques had been tried by researchers,
[10] demonstrated the integrated use of DEA and the policy
analysis matrix to evaluate the profitability and
competitiveness of maize, rice, and soybean cultivation in
Ghana. As well as, [11] employed DEA to evaluate the
ecological efficiency of community forest management in
Chiang Mai, Thailand. [12] developed DEA-based indices to
evaluate the overall efficiency on technical and energy-
saving target ratios, facilitating the examination across 30
provinces in China from 1997 to 2014. [13] enhanced these
endeavors by utilizing DEA in Turkish agricultural farms,
highlighting the constraints of conventional variable and
constant returns to scale models when confronted with a
much larger number of outputs relative to decision-making
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units. [14] employed a bootstrap-DEA approach to examine
agricultural efficiency within the European Union. This
technique, renowned for its reliability in relative efficiency
evaluations, revealed that numerous member states exhibited
either increasing or decreasing returns to scale, suggesting
opportunities for improved input utilization and production
efficiency through output and input-oriented strategies. [15]
studied the productivity trend of maize agriculture in Ghana
utilizing MPI model. [16] examined the technical efficiency
of farmers, revealing a relatively high efficiency among
barley growers. The MPI indicates the average in total
productivity change throughout the designated analysis
period. The literature underscores the efficacy of DEA and
the Malmquist output Index as analytical instruments for
evaluating temporal variations in agricultural output,
affirming their appropriateness for the aims of this study.

3. Data and Methods
3.1. Data Collection

This study used secondary data from the Ministry of
Agriculture [17] to calculate DEA scores and MPI efficiency.
The dataset contained 6 counties: Nantou, Yunlin, Chiayi,
Tainan, Kaohsiung, and Pingtung from 2018 to 2021.

Table 1. Variables used in papaya production

Variables Units Definitions
Yield (y) Kilogram | Quantity of papaya production
Seedling Seedling Number of papaya seedling
(x1) per county
Labor (x;) | Man-Day Amount of family labor used
per county
Fam(l:;[}; Fee ($NT) Cost for using facility
3
Pesticides . Number of agrochemicals used
Liter T
(x4) in liter
Fertilizer . Amount of fertilizer used in
Kilogram .
(x5) kilogram
3.2. Data Envelopment Analysis
The approach employed in this study is Data

Envelopment Analysis [18]. One well recognized linear
programming technique used to assess the efficiency of
DMUs. The DEA is a mathematical programming technique
introduced in 1978 by [6], while its roots can be traced back
to Farrel's foundational work [17] or even to Debreu's, who
established the "coefficient of resource utilization” in the
early 1950s [19]. DEA is a nonparametric approach used to
measure the efficiency of DMUs that share a homogenous
structure. Its purpose to determine the efficiency
measurements among units [20]. It is specifically designed to
handle situations when there are several input and output
variables [21], formulate and solve linear programming
problems for each DMU, and calculate efficiency scores and
identify efficient/inefficient DMUs. It assigns scores within
the range of "0" to "1" and does not possess any parametric
attribute [22]. The DEA allows for the identification of the
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kind of returns to scale (increasing, decreasing, or constant)
in cases when the production allows for non-constant returns
to scale.

3.3. CCR Input-Oriented Model

The fundamental principle behind the constant returns to
scale model is the optimization of the ratio between weighted
multiple outputs and weighted multiple inputs. To assess the
relative efficiency, it is expected that their efficiency scores
should be equal to or less than 1. Furthermore, it is
anticipated that the assigned weights for both inputs and
outputs should be either 0 or positive.

Min 6
Subject to
n
ZXIJ}\] = me L= 1,2, e, m
=1
n
ZYrj}\j = Yro sr=12,..,s
=1
A] 2 0 ;] = 1;21 ...,Tl (2)

In this section, the explanation of the computation of
DEA efficiency scores via mathematical symbols. (80) is a
set of decision-making units (j = 1, ..., n) is calculated
outputs (y_rj, r=1, ..., s) and inputs (x_ij, i = 1, ..., m) using
the given formula.

3.4 Malmaquist Productivity Index (MPI)
The Malmquist Productivity Index is initially proposed
in the literature by [23]. It is originated on the distance
function and serves as amount index for analyzing input
consumption. [24] integrated concepts from [18] about
efficiency measurement and from [25] regarding productivity
measurement to create MPI. The Total Factor Productivity
(TFP) index has demonstrated its effectiveness as a reliable
method for quantifying the changes in DMUs productivity.
The DEA uses the MPI to decompose productivity change by
computing distance functions between periods into efficiency
change and technical change components. MPI could be
written as shown in Equation 3 [26].
1
£t E+1 tt vt \ 12
MO = |t )|
Dt+1(xt+1,yt+1)
BT

M=TCXEC

Assume an increase in productivity if that M is larger
than 1 indicates that is not change in productivity. If M
equals to 1 indicates, and M is smaller than 1 means
decreasing in productivity. If EC is larger than 1 suggests an
increase in papaya production efficiency, the value of EC
equals to 1 mean papaya production remains consistent in the
period. However, if the value of EC is less than 1 indicates a
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decrease in papaya production. If TC is more than 1 means
technological progress, whereas if TC equals to 1 means
there is no change in technology and if TC is less than 1
means decreasing in technology.

4. Results and Discussion

The efficiency scores were calculated using MaxDEA
Ultra software. The following section examined and analysed
each efficiency category, followed by a summary of the
results. This section presents a comprehensive look at the
statistical measures related to papaya production in Taiwan.
It specifically highlights data collected from six counties
over a span of four years, as displayed in Table 2. According
to the data, the average output of papaya production is
approximately 56,720 kg. Based on the input data, the
average number of seedlings is 1,609 seeds. Furthermore,
there are approximately 275 contract labours on average. The
estimated average facility fee is approximately $NT160,134.
Moreover, the average quantity of pesticides used is
approximately 12,987 liters. Finally, the result estimated the
average fertilizer use to be approximately 2,347 kg.

4.1. Outcome of DEA Model

Figure 1 presents the Technical Efficiency (TE) of
papaya production in 6 counties located in Taiwan. From
2018 to 2021, the Technical Efficiency scores were 0.990,
0.921, 0.940, and 0.910. The findings of this study were
determined that the technical efficiency in Nantou from 2018
to 2021 was consistently at its highest level, with a perfect
average TE score of 1.000. Following were two counties,
Chiayi, and Yunlin with impressive TE scores of 0.991 and
0.990, respectively. Pingtung has the lowest efficiency score,
with a minimum TE score of 0.869. Furthermore, the TE
score for papayas remained consistently high from 2018 to
2021, with an average of 0.940. Based on the data, it appears
that it has achieved a technical efficiency of 94% and there is

Mean
Pingtung
Kaohsiung
Tainan
Chiayi
Yunlin

Nantou

<

0.2

0.4

room for improvement by reducing each input, potentially
increasing its efficiency score by 6%. According to the
findings, the potential need to improve the performance of
papaya production in Taiwan.

It appears that these agricultural establishments have the
capacity to reallocate their resources effectively, ensuring a
steady level of production and making use of current
technologies. Table 3 displays the productivity trend of
papaya production from 2018 to 2021. The mean values for
EC, TC, and TFP change in papaya-producing counties in
Taiwan were 1.090, 0.973, and 1.060, respectively. The
findings indicated a rise in the total factor productivity of
papaya production. Furthermore, papaya production has seen
notable improvements in technology and efficiency, except
for years like 2019 and 2021. During these periods, there was
a noticeable decrease in technological progress

Table 2. Descriptive statistics of variables

Variables | Mean | St. Deviation Min Max
Output:
Yield 56,720 7,794 46,044 | 77,333
Input:
Seedling 1,609 74 1,439 1,714
Labor 275 14 251.63 | 309.75
Facility Fee | 160,134 4,219 154,213 | 170,531
Pesticides | 128,987 12,230 108,302 | 160,867
Fertilizer 2,347 1,313 1,229 6,739
Table 3. MPI summary of annual means
Year EC TC TFP Productivity Trend
2019 | 1.133 | 0.931 | 1.057 Increasing
2020 | 1.019 | 1.021 | 1.041 Increasing
2021 | 1.118 | 0.966 | 1.081 Increasing
Mean | 1.090 | 0.973 | 1.060 Increasing

0.6 0.8

]

2021 m2020 =m2019 m2018

Fig. 1 Technical efficiency score of papaya production in Taiwa
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Table 4. MPI summary of county means

Productivity

County EC TC TFP Trend
Nantou 1 1.148 | 1.148 Increasing
Yunlin 1.001 | 1.079 | 1.079 Increasing
Chiayi 1.013 | 1.087 | 1.101 Increasing
Tainan 0.950 | 1.082 | 1.027 Increasing
Kaohsiung | 0.940 | 1.073 | 1.006 Increasing
Pingtung | 0.934 | 1.071 | 0.997 Decreasing
Mean 0.973 | 1.090 | 1.060 Increasing

Table 4 analyses the efficiency changes in papaya
production among counties from 2018 to 2021. Through the
application of MPI decomposition, there was a noticeable
upward trend in Total Factor Productivity (TFP) in Nantou,
Yunlin, Chiayi, Tainan, and Kaohsiung. There has been a
noticeable enhancement in both efficiency and technology.
On the other hand, Pingtung experienced a decrease below 1,
highlighting the requirement to improve performance and
efficiency. In addition, the MPI evaluated efficiency over
four years. Moreover, the analysis of this study found that
papaya production in Taiwan has improved in technical
efficiency, technology, and productivity growth during this
study.

5. Conclusion

This study systematically evaluated the production
efficiency of papaya cultivation in Taiwan using a non-
parametric Data Envelopment Analysis (DEA) methodology.
By examining papaya production data from the Council of
Agriculture across six major producing counties over the four
years of 2018-2021, the study offers valuable insights and

References
(1]
[2]

https://www.tndais.gov.tw/en/ws.php?id=2875
(3]
[4]

https://eng.coa.gov.tw/ws.php?id=2505345
[5]

best practices for decision-making and resource management
within the papaya industry. The findings showed that Nantou
exhibited the highest efficiency ratings, showing it as the
most effective county for papaya production compared to the
other counties. Across Taiwan, the average technical
efficiency score for papaya production during the study was
0.940, suggesting that the production achieved 94% of the
output. This highlights the possibility for further
optimization by fine-tuning the allocation and utilization of
inputs. Furthermore, an analysis of the Total Factor
Productivity (TFP) revealed a significant increase over the
four years, with an average efficiency score of 1.060. Five of
the six counties of Nantou, Yunlin, Chiayi, Tainan, and
Kaohsiung demonstrated notable improvements in both
efficiency and technological advancements.

These findings showed opportunities for improvement,
particularly  regarding establishing and maintaining
consistent production standards. Ultimately, this study
provides valuable insights for stakeholders, including
farmers, producers, and government agencies, developing
strategies to enhance efficiency by adopting advanced
technologies. By utilising these ideas that are driven by data,
the papaya sector in Taiwan has the potential to continue to
succeed, contributing to the economic growth and food
security of all society.

Acknowledgments

The authors thank the Department of Tropical
Agriculture and International Cooperation, National
Pingtung University of Science and Technology for their
support.

MOA, 2023. [Online]. Available: https://eng.moa.gov.tw/ws.php?id=9501
Tainan District Agricultural Research and Extension Station, Tainan District. [Online]. Available:

COA, 2023. [Online]. Available: https://eng.coa.gov.tw/ws.php?id=9443
COA, Raising Competitiveness, Leading the Way in the Internationalization of Taiwan’s Rural Economy, 2015. [Online]. Available:

Zhou Qiong, Wang Jia-Jia, and Zeng Yu-Rong, “Changes of Rice Production Efficiency in Taiwan,” Fujian Journal of Agricultural

Sciences, vol. 34, no. 9, pp. 1009-1018, 2019. [CrossRef] [Google Scholar] [Publisher Link]

(6]

A. Charnes, W.W. Cooper, and E. Rhodes, “Measuring the Efficiency of Decision-Making Units,” European Journal of Operational

Research, vol. 2, no. 6, pp. 429-444, 1978. [CrossRef] [Google Scholar] [Publisher Link]

[7]

Huang LiJun Huang LiJun, and Hu TongZe Hu TongZe, “Study of Agricultural Production Efficiency in China's Western Region Based

on DEA Method,” Research of Agricultural Modernization, vol. 27, no. 6, pp. 420-423, 2006. [Google Scholar] [Publisher Link]

(8]

Natalia Aldaz, and Joaquin A. MillAN, “Regional Productivity of Spanish Agriculture in a Panel DEA Framework,” Applied Economics

Letters, vol. 10, no. 2, pp. 87-90, 2003. [CrossRef] [Google Scholar] [Publisher Link]

9]

Yuan Lei, Lei Guoping, and Zhang Xiaohu, “Evaluation of Agricultural Land-Use Economic Efficiency in Heilongjiang Province Based

on DEA,” Resource Development & Market, vol. 12, pp. 1077-1079, 2009. [Google Scholar] [Publisher Link]

[10] Kamiljon Akramov, and Mehrab Malek, “Analyzing Profitability of Maize, Rice, and Soybean Production in Ghana: Results of PAM
and DEA Analysis,” International Food Policy Research Institute, pp. 1-28, 2012. [Google Scholar] [Publisher Link]

[11] Malawal Phattarapong, Wongchai Anupong, and Peng Ke-Chung, “Eco-Efficiency Assessment of Sustainable Community Forest
Management in Chiang Mai Province,” International Journal on Agriculture Research and Environmental Sciences, vol. 3, no. 3, pp. 1-

14, 2022. [Google Scholar] [Publisher Link]

51


https://eng.moa.gov.tw/ws.php?id=9501
https://eng.coa.gov.tw/ws.php?id=9443
https://eng.coa.gov.tw/ws.php?id=2505345
https://doi.org/10.19303/j.issn.1008-0384.2019.09.003
https://scholar.google.com/scholar?hl=th&as_sdt=0%2C5&q=Changes+of+Rice+Production+Efficiency+in+Taiwan&btnG=
https://www.fjnyxb.cn/en/article/doi/10.19303/j.issn.1008-0384.2019.09.003
https://doi.org/10.1016/0377-2217(78)90138-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Measuring+the+Efficiency+of+Decision-Making+Units&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0377221778901388
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+of+agricultural+production+efficiency+in+China%27s+western+region+based+on+DEA+method&btnG=
https://www.cabidigitallibrary.org/doi/full/10.5555/20073108972
https://doi.org/10.1080/13504850210138504
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Regional+Productivity+of+Spanish+Agriculture+in+a+Panel+DEA+Framework&btnG=
https://www.tandfonline.com/doi/abs/10.1080/13504850210138504
https://scholar.google.com/scholar?lookup=0&q=Evaluation+of+agricultural+land-use+economic+efficiency+&hl=th&as_sdt=0,5
https://caod.oriprobe.com/articles/17345621/Evaluation_of_Agricultural_Land_use_Economic_Efficiency_in_Heilongjian.htm
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analyzing+profitability+of+maize%2C+rice%2C+and+soybean+production+in+Ghana%3A+Results+of+PAM+and+DEA+analysis&btnG=
https://cgspace.cgiar.org/server/api/core/bitstreams/56e54492-0118-41f1-8e7f-1c21de80a6a1/content
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Eco-Efficiency+Assessment+of+Sustainable+Community+Forest+Management+in+Chiang+Mai+Province&btnG=
https://skeenapublishers.com/journal/ijares/IJARES-03-00025.pdf

Chun-Nan Lin et al. / IJAES, 11(5), 48-52, 2024

[12] Nan Li et al., “Efficiency Evaluation and Improvement Potential for the Chinese Agricultural Sector at the Provincial Level Based on
Data Envelopment Analysis (DEA),” Energy, vol. 164, pp. 1145-1160, 2018. [CrossRef] [Google Scholar] [Publisher Link]

[13] Kazim Baris Atici, and Victor V. Podinovski, “Using Data Envelopment Analysis for the Assessment of Technical Efficiency of Units
with Different Specialisations: An Application to Agriculture,” Omega, vol. 54, pp. 72-83, 2015. [CrossRef] [Google Scholar]
[Publisher Link]

[14] Pierluigi Toma et al., “A Non-Parametric Bootstrap-Data Envelopment Analysis Approach for Environmental Policy Planning and
Management of Agricultural Efficiency in EU Countries,” Ecological Indicators, vol. 83, pp. 132-143, 2017. [CrossRef] [Google
Scholar] [Publisher Link]

[15] Emmanuel Alorzuke et al., “Technical Efficiency Evaluation of Maize Production in Ghana: An Application of Three-Stage Data
Envelopment Analysis,” Journal of Social and Environmental Management, vol. 18, no. 5, pp. 1-24, 2024. [CrossRef] [Google Scholar]
[Publisher Link]

[16] Ali Sardar Shahraki, and Neda Aliahmadi, “Presenting a New Technique to Assess the Efficiency of Farms with Window-DEA and
Malmaquist Productivity Index: The Case of Barley Farms in Khash County, Iran,” International Journal of Agricultural Management
and Development, vol. 11, no. 1, pp. 49-64, 2021. [CrossRef] [Google Scholar] [Publisher Link]

[17] Ministry of Agriculture, MOA, 2023. [Online]. Available: https://eng.moa.gov.tw/ws.php?id=2505449

[18] M.J. Farrell, “The Measurement of Productive Efficiency,” Journal of the Royal Statistical Society: Series A (General), vol. 120, no. 3,
pp. 253-281, 1957. [CrossRef] [Google Scholar] [Publisher Link]

[19] Gerard Debreu, “The Coefficient of Resource Utilization,” Econometrica. Journal of the Econometric Society, vol. 19, no. 3, pp. 273-
292, 1951. [CrossRef] [Google Scholar] [Publisher Link]

[20] O.R. Yolalan, “Efficiency Measurement and Data Envelopment Analysis,” Laval University, 1993. [Google Scholar] [Publisher Link]

[21] P. Lang, O. Yolalan, and O. Kettani, “Controlled Envelopment by Face Extension in DEA,” Journal of the Operational Research
Society, vol. 46, no. 4, pp. 473-491, 1995. [CrossRef] [Google Scholar] [Publisher Link]

[22] Satoshi Ohsato, and Masako Takahashi, “Management Efficiency in Japanese Regional Banks: A Network DEA,” Procedia-Social and
Behavioral Sciences, vol. 172, pp. 511-518, 2015. [CrossRef] [Google Scholar] [Publisher Link]

[23] Sten Malmquist, “Index Numbers and Indifference Surfaces,” Statistics Work, vol. 4, no. 2, pp. 209-242, 1953. [CrossRef] [Google
Scholar] [Publisher Link]

[24] R. Fére et al., “Productivity Changes in Swedish Pharamacies 1980-1989: A Non-Parametric Malmquist Approach,” Journal of
Productivity Analysis, vol. 3, no. 1, pp. 85-101, 1992. [CrossRef] [Google Scholar] [Publisher Link]

[25] Douglas W. Caves, Laurits R. Christensen, and W. Erwin Diewert, “The Economic Theory of Index Numbers and the Measurement of
Input, Output, and Productivity,” Econometrica: Journal of the Econometric Society, pp. 1393-1414, 1982. [CrossRef] [Google Scholar]
[Publisher Link]

[26] Rolf Fire et al., “Productivity Growth, Technical Progress, and Efficiency Change in Industrialized Countries,” The American Economic
Review, vol. 84, no. 1, pp. 66-83, 1994. [Google Scholar] [Publisher Link]

52


https://doi.org/10.1016/j.energy.2018.08.150
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Efficiency+Evaluation+And+Improvement+Potential+For+The+Chinese+Agricultural+Sector+At+The+Provincial+Level+Based+On+Data+Envelopment+Analysis+%28DEA%29&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0360544218316864
https://doi.org/10.1016/j.omega.2015.01.015
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Using+data+envelopment+analysis+for+the+assessment+of+technical+efficiency+of+units+with+different+specialisations%3A+An+application+to+agriculture&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0305048315000171
https://doi.org/10.1016/j.ecolind.2017.07.049
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+non-parametric+bootstrap-data+envelopment+analysis+approach+for+environmental+policy+planning+and+management+of+agricultural+efficiency+in+EU+countries&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+non-parametric+bootstrap-data+envelopment+analysis+approach+for+environmental+policy+planning+and+management+of+agricultural+efficiency+in+EU+countries&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1470160X17304624
https://doi.org/10.24857/rgsa.v18n5-011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Technical+Efficiency+Evaluation+of+Maize+Production+in+Ghana%3A+An+Application+of+Three-Stage+Data+Envelopment+Analysis&btnG=
https://rgsa.openaccesspublications.org/rgsa/article/view/5402
http://dx.doi.org/10.22004/ag.econ.335146
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Presenting+a+new+technique+to+assess+the+efficiency+of+farms+with+window-DEA+and+Malmquist+productivity+index%3A+The+case+of+barley+farms+in+Khash+County%2C+Iran&btnG=
https://ageconsearch.umn.edu/record/335146/?v=pdf
https://eng.moa.gov.tw/ws.php?id=2505449
https://doi.org/10.2307/2343100
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Measurement+of+Productive+Efficiency&btnG=
https://rss.onlinelibrary.wiley.com/doi/abs/10.2307/2343100
https://doi.org/10.2307/1906814
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Coefficient+of+Resource+Utilization&btnG=
https://www.jstor.org/stable/1906814
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Efficiency+measurement+and+data+envelopment+analysis&btnG=
https://elibrary.ru/item.asp?id=5770020
https://doi.org/10.1057/jors.1995.66
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Controlled+envelopment+by+face+extension+in+DEA&btnG=
https://www.tandfonline.com/doi/abs/10.1057/jors.1995.66
https://doi.org/10.1016/j.sbspro.2015.01.394
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Management+efficiency+in+Japanese+regional+banks%3A+A+network+DEA&btnG=
https://www.sciencedirect.com/science/article/pii/S1877042815004310
https://doi.org/10.1007/BF03006863
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Index+numbers+and+indifference+surfaces&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Index+numbers+and+indifference+surfaces&btnG=
https://link.springer.com/article/10.1007/BF03006863
https://doi.org/10.1007/BF00158770
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Productivity+changes+in+Swedish+pharamacies+1980%E2%80%931989%3A+A+non-parametric+Malmquist+approach&btnG=
https://link.springer.com/article/10.1007/bf00158770
https://doi.org/10.2307/1913388
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+economic+theory+of+index+numbers+and+the+measurement+of+input%2C+output%2C+and+productivity&btnG=
https://www.jstor.org/stable/1913388
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Productivity+Growth%2C+Technical+Progress%2C+and+Efficiency+Change+in+Industrialized+Countries&btnG=
https://www.jstor.org/stable/2117971

