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Abstract: Universities and academic institutions play a very crucial role in nation development
through the production of highly competent manpower. The eight universities in New Zealand have
been recognized as some of the top academic institutions in the world. However, the rankings from
different international organizations are declining and are hardly likely to rise. Government policies
in funding allocation are being blamed for the universities’ regress as they operate with an insufficient
amount of funds. This study uses the Malmquist Productivity Index model to examine the technical
efficiency, technological change, and productivity performance of the eight universities. This model
uses a variety of inputs (number of academic and non-academic staff and total enrolment) and outputs
(number of degree and postgraduate graduates, total graduates, and total operating revenue from
the Equivalent Full-Time Student (EFTS) funding system and the Performance-Based Research Fund
(PBRF), etc.) obtained for the period 2013–2018. The overall results show that the average catch-up
and frontier-shift efficiencies of the universities are roughly in a “no-change” scenario, meaning that
the universities did not make any progress over these years. The Malmquist Productivity Index
(MPI) also shows a stable result, with average final values slightly higher than 1, wherein only five
universities reached an actual productivity score of 1. It is recommended that the universities improve
their internal factors, including personnel, equipment, facilities, and student services, while taking
accounts of external aspects, such as rapid growth in technological environments and innovations,
to achieve sustainable organizational progress and improved productivity. The re-assessment of
government policies for funding allocation is also suggested. This research paper offers insights into
the New Zealand universities’ productivity performances for the past few years. This could be used
as a reference for other purposes.

Keywords: Data Envelopment Analysis (DEA); Malmquist Productivity Index (MPI); evaluation model;
efficiency frontier; Malmquist model; DEA Malmquist; catch-up; frontier-shift

1. Introduction

In this day and age, producing high-quality manpower has become a very important role of
universities in every country around the world to prepare them to cope with rapid growth and
development. Countries will be likely to need higher quality educational institutions in order to
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create capable human resources. In order to properly allocate educational funds, the government
may use certain efficiency measurements of a university’s performance as a basis for their grants.
It is also essential to identify universities’ performance efficiencies, using valid data, in order for the
government to create a framework for their long-term strategies. Many governments all over the world
have resorted to the use of performance-based funding for the allocation of resources for research in
higher education institutions. It has actually become a worldwide trend. In 1991, the New Zealand
government introduced the Equivalent Full-Time Student (EFTS) funding system, which is based
primarily on the total quantity of students registered in full-time programs. This was soon followed
by the establishment of the Performance-Based Research Fund (PBRF) in 2004, which resulted in a
significant change to tertiary education funding in the country. Smart, through regression analysis,
demonstrated the immediate effect of the implementation of PBRF and revealed that there was
an increased research output over time. Research outputs in 2005 were 34% higher after PBRF
implementation, suggesting that its impact has been significant [1]. The PBRF was designed to convert
the intellectual output into measurable outputs to be used as a means of monitoring and rewarding
academic labor. However, some problems did arise during the implementation of the PBRF. One of
them was that every individual in the university was required to exert an enormous effort in order
to produce research outputs, while the resulting financial recognition went solely to the institution.
This meant that the inputs were individual, while the rewards were collective [2]. Furthermore,
the funds from the PBRF did not really increase the pool of funding because the universities mainly
just received a percentage from the research component of the EFTS, in which the ratio between the
two was approximately 20:80, respectively [3]. Presently, university funding usually comes from
government tuition funds, student fees and charges, research income, and income from non-Tertiary
Education Commission (TEC) funding, interests, dividends, sub-contracting, etc. [4].

New Zealand’s tertiary education is administered by the Ministry of Education (MOE) and
supervised by the Tertiary Education Commission (TEC), one being the policymaker and the other
being the implementing body. Regulating, funding, and monitoring the performance of tertiary
education providers are the major roles of the TEC [5]. There are eight (8) universities in New Zealand
that operate with the support of government grants and public funds. These universities have managed
to get places in the three most widely recognized and prominent international systems for ranking
(Times Higher Education World University Rankings, Academic Ranking of World Universities,
and Quacquarelli Symonds (QS) World University Rankings) [6]. Though the universities are able
to maintain their positions on these lists, a gradual decline in rankings has been seen in recent years.
It is said that this is due to the government’s policy for universities to operate with the lowest income
levels per student [7].

This paper will examine the relative efficiency of New Zealand’s eight universities through the
transition process of students and the amount of funding they received from the government. This is
to identify which universities produce enough graduates that are supported by a sufficient number
of academic and non-academic staff while receiving adequate or inadequate government funding
and student fees as operational revenue. It will also investigate if there is a basis for the claim that
the government funding models have led to the decline in university rankings in the international
academic community. The evaluation of the universities’ efficiency is calculated through the number
of degree graduates and postgraduate degree graduates, and the income they produced through
operational revenue for the period 2013 to 2018.

Seven factors, including three inputs and four outputs, during the six-year period, are considered
in order to apply the Data Envelopment Analysis (DEA) Malmquist Productivity Index (MPI). MPI is
one of many Data Envelopment Analysis models used for analyzing the relative efficiencies of several
Decision-Making Units (DMUs) that have many input and output factors. This paper will utilize these
methods for the evaluation of the eight New Zealand universities.

The paper is organized into five sections. The second section reviews previous literature related to
this study. The third section describes the proposed approach to evaluating the efficiencies of the eight
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New Zealand universities. The presentation and interpretation of applying the DEA-based Malmquist
model to the data is illustrated in the fourth section. Concluding statements are presented in the
final section.

2. Literature Review

In recent years, there have been numerous research studies about the measurement of some
universities’ relative efficiencies. The significance of efficiency in institutions of higher learning is
to find out which of the institutions distribute their available input resources to produce desired
and acceptable outputs efficiently. This efficiency in the higher educational institutions requires the
integration of various inputs that generate satisfiable outputs.

Universities hire highly competent academic staff to properly educate the students and to be able
to transform them into exceptionally qualified graduates. In this way, efficiency in teaching refers to the
effective delivery of knowledge to degree and postgraduate degree students. It is also safe to assume
that the universities’ higher qualification requirements as entry conditions for students will result in
graduates with remarkable qualities. The excellent teaching qualities will be evident in the produced
graduates. The rate of graduation can be related to the academic quality of graduates, while the
amount of university operational revenue reflects their productivity based on the total number of
enrolled students and research outputs performance.

Several research studies about universities’ efficiency conducted around the world use different
models of DEA and diverse combinations of inputs and outputs that will contribute to achieving
the purpose of the study. DEA is one of the preferred methods in estimating technical efficiencies
that produce optimum scale levels in large ranges as compared to deterministic parametric (DFA)
and stochastic frontier (SFA) [8]. Kipesha and Msigwa [9] measured the relative efficiencies of seven
public universities in Tanzania using CCR (Charnes, Cooper, Rhodes) and BCC (Banker, Charnes,
Cooper) using the total student enrolment, total number of academic and non-academic staff, and total
number of staffs as the inputs, the number of graduates in undergraduate and postgraduate levels,
and total graduates are the outputs. The same DEA models were used by Daghbashyan [10] to study
the technical and scale efficiency of the 47 units of Sweden’s Royal Institute of Technology. In the paper,
the inputs are the number of professors, Ph.D. students, research staff, and technical-administrative
staff. The total number of authored books, review papers, conference papers, and journal papers were
used as outputs. The outcome of the study shows that the combined DEA models applied in the units
of the Royal Institute of Technology can be used to measure their performance in relation to each other.

Abbott and Doucouliagos [11] conducted a study for 36 Australian government-funded universities
that use the total quantity of academic and non-academic staff, amount of expenditures, and cost of
non-current assets as inputs. The full-time students’ headcount, research allocation, and non-medical
and medical research income are used as the outputs. The findings of the scale and technical efficiency
imply that the operations of Australian universities are at an acceptably high-efficiency level in relation to
one another, though there is recommended room for improvement in some universities. Flegg et al. [12]
use the same model along with congestion efficiency to analyze 45 British Universities during the period
of 1980–1993, wherein the number of undergraduate—as well as postgraduate—students, total staff

count, and aggregate departmental expenditure are used as input. The number of graduates from
undergraduate and postgraduate level, and income from research and consultancy are the outputs.
Results revealed that during the studied period, these universities performed a 51.5% increase in total
factor productivity and impressive improvements in technical efficiency from 1987 onwards.

Katharaki and Katharakis [13] used the DEA constant return scale (CRS) model for the study
conducted to 20 public universities in Greece to measure their efficiency. To fulfill this research,
the inputs used are the number of non-academic and academic staff, the number of enrolled students,
and operational expenses. For the outputs, only the total number of graduates and income from
researches are used. The results indicate that human resource management in Greek universities is
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inefficient and identifies some rooms for improvement to increase research activities that may result in
higher research income.

Some DEA models, such as Super Efficiency combined with Tobit Regression, was also used in a
research paper conducted by Liu et al. [14] to evaluate the 40 teacher’s colleges in Thailand. In this
study, four inputs (quantity of teachers, students, part-time staff, and full-time staff) and three outputs
(publication outputs, total graduates, and employed students) are used. Results show that only seven
colleges perform with high efficiency, while the rest are facing technical inefficiency.

Taylor and Harris [15] evaluated the universities in South Africa by collecting data from a sample
of 10 government universities out of 21. The data obtained to cover the year 1994 to 1997. In this
study, the authors were able to acquire results with high stability and consistency. The DEA analysis in
this study makes use of data of the total annual graduates and research as the output variables and
tested against various combinations of inputs between the expenditure, capital, number of students,
and number of staff. The paper concludes that there are efficiency differences between the universities
and can be improved by the actions of the management and government.

DEA was again used by a study conducted by Warning [16], wherein the number of staff and
expenditures were used as inputs while numbers of publications in different scientific journals are
the outputs. The goal of this paper is to provide distinctive differences between 73 universities in
Germany in terms of outputs related to social or natural sciences. Results show that there is evidence
that the efficiency scores of universities differ with each other, and that efficiencies are affected by
the university character, environmental aspects, and other strategic variables related to the social and
natural sciences.

Leitner et al. [17], in their paper, deployed DEA to evaluate the performance efficiency of the
departments of technical science and natural science from twelve universities in Austria. The study
uses data from 1996 to 2002 with the number of staff and room space as the input variables,
while examinations, theses, journal outputs, patents, and other publications were used as outputs.
Empirical results show that almost half of the universities in Austria with departments in technical
and natural sciences are performing efficiently. There is also proof that small and large departments
are better than the medium-sized in terms of performance.

DEA was applied by Monfared and Safi [18] to the 27 Iranian universities in three different aspects:
cost, research, and teaching. Each aspect has their own combinations of input and output factors.
The study indicates the important contribution of DEA as an effective tool in performance analysis,
especially in the academic sector.

Wolszczak-Derlacz and Parteka [19] used a two-stage DEA multi-country approach in the
evaluation of the higher education institutes in Europe. The analysis makes use of data from
259 universities over the period of 2001 to 2005. This study found out that the crucial elements in the
evaluation of European universities are the number of academic staff, funding sources, and gender
composition of personnel. They have concluded that the key contributors to improving the efficiency
of the university depend on increasing the share of funds from external sources and the higher number
of women in the academic sector.

Another study that uses DEA was conducted by Pietrzak et al. [20] in the efficiency evaluation of
higher education institutions in Poland. Using the CCR model, the authors considered making use of
the total count of research staff and financial grants as input factors, while total student count, external
research or project funding, and publications are the output factors. The results of their study found
that, in 33 social science faculties, 9 of them achieved perfect efficiency. Continually, a benchmarking
analysis was done, which suggests that the inefficient faculties may improve the efficiencies of all
output factors.

Table 1 summarizes other notable studies regarding universities efficiency with the examples of
commonly used inputs and outputs.
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Table 1. List of commonly used inputs and outputs.

Authors, Year of
Study Inputs Used Outputs Used Method/Efficiency

Model
Decision Making

Units

Jongbloed et al.
1994 [21]

Labour expenditures
Material expenditures
Labour expenditures

Material expenditures
Labour expenditures

Material expenditures

FTE undergraduates
FTE postgraduates

Income from grants and contracts
Fulltime students

Part time students Auditing
students Dissertations

Other publications
Number of students Non-core
research funding (government,

research enterprise, private
foundations)

Cost efficiency
model

Cost efficiency
model

Cost efficiency
model

60 Universities in UK
from 1989–1991

28 Dutch universities
from 1989–1991

48 Universities in
Germany from

1989–1991

Johnes and
Johnes, 1995 [22]

Teaching/research and
research only staff

Per capital research grants
Undergraduate student load

Papers and letters in academic
journals

Journal articles Authored and
edited books Published works

Edited works

DEA 36 UK Universities
economics department

Worthington and
Lee, 2008 [23]

Academic staff
Non-academic staff

Non-labour expenditure
Undergraduate load
Postgraduate load

Undergraduate graduates
Postgraduate graduates

PhD graduates
National competitive grants

Industry grants
Publication

Malmquist Index
35 Australian

Universities from
1998–2003 period

Ismail et al.,
2014 [24]

Postgraduate students
Undergraduate students

Academic staff

Postgraduate graduates
Undergraduate graduates

Graduates working Graduates opt
for further studies Graduates opt

for developing skills

DEA 20 Public universities
in Malaysia

Mahmudah and
Lola, 2016 [25]

Lecturer
Student

Department
Ratio

World rank
Presence rank
Impact rank

Openness rank
Excellence rank

Fuzzy DEA 25 Indonesian
universities

It is noticeable that DEA is a common approach to measuring the efficiency of universities. However,
DEA can also be applied in different industries, such as ICT [26], banking [27,28], hospitals [29–31],
supplier selection [32–34], and energy [35–37], and has many other applications [38–43].

It was in 1978 when Charnes et al. [44] introduced DEA with their CCR model that measures
the possible maximum relative efficiencies of DMUs. This model is the first traditional model in
input/output orientation to evaluate DMUs’ technical efficiency assuming that the addition of input
and output has a similar ration and is operating at an optimum scale. Another model was also
introduced in 1984 by Banker et al. [45] and named the BCC model. Unlike CCR, BCC assumes that the
DMUs are operating in at least not yet or not on an optimal scale. Following these models, there are
other non-radial DEA models that involve both input and output orientation, such as the ADD or
additive model [46] and SBM or slacks-based measure model [47] were introduced. There are also
some super-efficiency models that have shortcomings in appropriately ranking of technically efficient
DMUs [48].

Caves et al. [49] in 1982 proposed the Malmquist productivity index (MPI), which is based on
DEA. Fare et al. [50] split Malmquist productivity into two segments: first, the in catch-up inefficiency
change; second, the frontier efficiency.

Puertas and Marti [51] in their study, combined the UI GreenMetric with data envelopment
analysis to evaluate the performance of several universities coming from different countries in terms of
the three aspects of sustainability: social, economic, and environmental. The universities were grouped
into four through cluster analysis; then, DEA was applied to generate a synthetic indicator. Results
revealed that the UK and the USA have the most number of universities that are actively concerned
in all dimensions of sustainability. Generally, it turned out that there is a much-needed effort to
improve the performance related to environmental factors, rather than developments in transportation,
infrastructure, or education.
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While most of the previous studies using DEA in the performance evaluation of a certain number
of DMUs, the Malmquist Index model was not widely used. DEA models, such as BCC, CCR, SBM,
and others, do not have the capability to analyze whether the DMUs are progressive or not, in certain
year periods. Normally, the efficiency indexes that were generated by these models were just measured
on average and are only limited to determining whether a DMU is efficient or not. For this reason,
the authors decided to deploy MPI in this study as it can detect progress or regress in performance
by comparing the efficiency level of a year period to another and generate its own index which
determines the productivity or performance trend. None of the literature has ever studied this issue
before. This paper will solve this issue regarding the effect of the funding model of the New Zealand
government to their universities and does not focus solely on determining which university performs
the best or the worst. Furthermore, this study focuses on the economic aspect of sustainability, as there
will be a financial factor that will be considered.

3. Materials and Methods

Today, most universities in the world are attempting to achieve global excellence and recognition
in the international academic community by getting into the list of top universities [52]. Many countries
perform continuous accreditation of their educational programs to make sure that they are compliant
to the local and international standards for education, especially those in higher learning settings
in the US [53] and Europe [54]. These performances by universities are also used as the bases for
local government funding. Usually, universities are evaluated on a yearly basis. The measure of
productivity or efficiency in a time period to see whether universities attained growth through the
years is very uncommon. The result of this study can be used by the government of New Zealand to
provide additional grants to the universities that have accomplished higher efficiency within the last
six years.

3.1. Malmquist Productivity Index

This paper will use the Malmquist Productivity Index (MPI) for measuring the efficiency of the
eight New Zealand universities using data from 2013 to 2018. In this study, CIt→t+1 is described as the
catching-up inefficiency from the period of t towards t + 1. Hence, CIt→t+1 is mainly two measurements’
geometric mean.

CIt→t+1 =
TSEt+1

TSEt =

OZt+1
t+1

OZt+1

OZt
t

OZt

(1)

The previous one calculates the projected Zt
t for the Zt unit measured during the t period; it is the

change in the distance by the projected Zt
t+1 at period t + 1. The next one measures the projected Zt+1

t
for the Zt+1 unit measured at t period, that is the distance change by the projected Zt+1

t+1 at t + 1 period.
Below are more precise details:

MIt+1
t =


OZt

t
OZt ×

OZt+1
t

OZt+1

OZt
t+1

OZt ×
OZt+1

t+1
OZt+1


1/2

(2)

Combining Equations (1) and (2), the Malmquist Productivity Index will be:

Malmt+1
t =CIt→t+1

×MIt+1
t Malmt+1

t =
TSEt+1

TSEt

[
TSEt

TSEt+1

]1/2 [ IEIt+1→t

IEIt→t+1

]1/2

Malmt+1
t =

[
TSEt+1

TSEt

]1/2 [ IEIt+1→t

IEIt→t+1

]1/2

(3)

A Malmt+1
t = 0 depicts no improvement in productivity, Malmt+1

t < 1 depicts a decrease in
productivity, while Malmt+1

t > 1 depicts that productivity increased significantly over the time period.
Considering all these, the Malmquist model can be used for efficiency evaluation.
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3.2. Research Process

The measurement of the Malmquist Productivity Index of DMUs for eight universities in
New Zealand will be done through the application of DEA and also analyze their technical efficiency
and productivity for the period of 2013–2018. The results of this analysis can be a basis for the
government to provide additional funding and to see who among the universities have shown
enormous growth in terms of being productive or efficient. The research process for this paper is
shown in Figure 1 below.
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Figure 1. Research development process.

Step 1: Choosing appropriate input and output variables

Several works in the literature that also evaluate the performance of universities are used to
decide which of the variables provided in their studies are more suitable for this paper. It is notable
that there are studies that use common input and output variables that may also be considered for use
in this study.

Step 2: Collection of data

Data will be gathered through the websites of the New Zealand government and from the annual
reports published by the universities through their individual websites.

Step 3: Analysis of correlation

To check if the variables that are suggested in the review of related literature are in acceptable
positive correlation, these variables are examined through the Pearson Correlation Coefficient statistical
method. This method is widely used to evaluate the relationship between two factors. The variation
is between −1 and +1, wherein the former represents a perfect negative, while the latter is a perfect
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positive linear relationship. Since DEA applications use non-negative components, any presence of
negative correlation coefficient during the testing will result in a return to the first step or re-selection
of input or output variables until all results show positive correlations.

Step 4: Application of DEA Malmquist

Once all the Pearson correlation coefficient values appeared to be non-negative for the selected
combinations of variables, the data will then be processed using DEA. An input-oriented Malmquist
index is used further with efficient frontier data for performance assessment, technical efficiency,
and position analysis for each university. Efficiency scores equal to 1 indicate “no-change”, greater
than one “>1” signifies progress, and less than one “<1” implies regress.

Step 5: Analyze the results

The results of the DEA process for the DMUs are described in this section and provide observations
about the performance in their technical efficiency, technological change, and productivity. Scores are
presented according to the year period in order to analyze the individual operations of each DMUs
over time.

Step 6: Ranking of the Decision-Making Units

After the evaluation of eight DMUs performance and technical efficiency using the DEA Malmquist
index model, these universities will be ranked according to the rate of progress in productivity.
The ranking also indicates whether the DMUs are progressive or regressive.

Step 7: Conclusion and recommendations

This section will provide appropriate recommendations and conclusions based on the selected
factors that have a significant impact on the DMUs for the basis of future researches, use of the DEA
Malmquist model for assessment of technical efficiency and productivity, and ranking of universities’
performances over a certain period. Several suggestions and recommendations will also be provided.

4. Results

4.1. Data Selection for Input and Output Variables

New Zealand has only eight universities [4], offering a variety of study disciplines from arts,
science, business, health sciences, medicine, engineering, law, fine arts, architecture, and education.
These universities are administered by the country’s Ministry of Education and the primary subject of
this study. Table 2 lists the name of the universities and the designated DMU labels.

Table 2. List of the 8 universities in New Zealand.

DMU No Name of Universities Abbreviation

DMU1 Auckland University of Technology AUT
DMU2 Lincoln University LU
DMU3 Massey University MU
DMU4 University of Auckland UA
DMU5 University of Canterbury UC
DMU6 University of Otago UO
DMU7 University of Waikato UW
DMU8 Victoria University of Wellington VUW

It is notable that from the review of the literature that many studies related to the measurement
of performance of universities using the DEA have used diverse combinations of input and output
variables. The selection of these factors is based on the purpose of the study and what the paper is
trying to achieve. The selections for the input measurements in this study include the total number of
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undergraduate students, the total number of postgraduate students, the total number of faculty, the total
number of staff, faculty-to-student ration, number of departments, labor, and non-labor expenditures,
material expenditures, and research grants. While the selection for the output factors includes the
total number of degree graduates, the total number of post-degree graduates, the total number of
graduates, income from grants and contracts, number of publications, number of dissertations, number
of graduates working, number of graduates opt for further studies and the number of graduates
opt for developing skills. Table 3 below shows the descriptive statistics of the selected input and
output factors.

Table 3. Summary of statistics for each year periods.

Year Statistics AS NAS TE NDG NPG TG TOR

2013 Max 2131 2778 41,365 5490 4955 10,445 973,471
Min 274 456 5850 430 230 660 114,194

Average 1140 1342.50 21,881.88 3101.25 1908.75 5010.00 419,108.63
SD 598.88 669.73 10,581.94 1400.26 1308.30 2613.56 253,096.63

2014 Max 2154 2789 41,955 5605 4740 10,345 1,012,839
Min 236 422 4485 460 220 680 114,483

Average 1142.38 1329.25 21,633.13 3051.25 1888.13 4939.38 433,258.75
SD 615.56 679.84 10,930.70 1456.50 1243.88 2603.43 262,112.95

2015 Max 2183 2892 42,100 5285 4910 10,195 1,074,624
Min 351 331 4605 440 210 650 110,786

Average 1177.25 1356.00 21,731.25 2936.25 1944.38 4880.63 455,076.63
SD 599.33 720.71 10,948.15 1404.72 1311.97 2605.82 277,202.28

2016 Max 2209 3126 41,865 5300 5350 10,650 1,092,586
Min 319 331 4975 400 205 605 123,196

Average 1158.13 1429.75 21,950.63 2883.13 2113.75 4996.88 472,512.63
SD 584.88 793.72 10,796.35 1426.69 1389.11 2721.36 280,268.84

2017 Max 2232 3126 42,300 5390 5625 11,015 1,068,364
Min 332 359 3795 410 265 675 116,274

Average 1098.38 1659.00 21,935.63 2868.13 2111.88 4980.00 489,487.25
SD 544.64 845.84 10,995.24 1415.67 1461.92 2788.31 274,563.43

2018 Max 2347 3209 42,760 5155 5755 10,910 1,143,864
Min 324 340 2950 475 290 765 118,610

Average 1117.38 1681.00 22,118.75 3000.63 2243.75 5244.38 506,085.75
SD 573.40 892.68 11,141.50 1313.06 1486.35 2697.05 294,702.14

Remarks: AS (Academic Staff), NAS (Nonacademic Staff), TE (Total Enrolment), NDG (Number of Degree Graduates),
NPG (Number of Postgraduate Graduates), TG (Total Graduates), TOR (Total Operating Revenue).

4.2. Pearson Correlation

The input and output variables are tested through Pearson’s method to check their correlation.
This is used to find out if the input and the output are negatively or positively correlated with one
another. DEA has limitations in handling negative correlations; that is, if there is an increase in inputs,
the outputs should not decrease. In case a negative correlation appears during the testing, a re-selection
of variable/s must be done to avoid any presence of a negative coefficient. The following tables show
the statistical analysis and Pearson correlation coefficients of the input and output variables in several
time periods.

It can be observed that Table 4 below does not contain any non-positive values for the year 2015.
Furthermore, the coefficients for the preceding and succeeding years do not contain any negative
coefficients. There is no disruption to the DEA model rule, even though some coefficients appear
a little lower, compared to others. These correlations with positive values denote that the selected
input and output variables are consistent with the rule. Since these tables present all factors that are
positively correlated, the study can proceed to the index analysis and ranking of the DMUs.
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Table 4. Results summary for 2015 time period.

AS NAS TE NDG NPG TG TOR

AS 1 0.920378 0.883679 0.842026 0.882053 0.898005 0.926228
NAS 0.920378 1 0.835755 0.839571 0.912896 0.91221 0.990539
TE 0.883679 0.835755 1 0.931933 0.945837 0.978585 0.856424

NDG 0.842026 0.839571 0.931933 1 0.839899 0.961941 0.839957
NPG 0.882053 0.912896 0.945837 0.839899 1 0.956242 0.936537
TG 0.898005 0.91221 0.978585 0.961941 0.956242 1 0.924321

TOR 0.926228 0.990539 0.856424 0.839957 0.936537 0.924321 1

Remarks: AS (Academic Staff), NAS (Nonacademic Staff), TE (Total Enrolment), NDG (Number of Degree Graduates),
NPG (Number of Postgraduate Graduates), TG (Total Graduates), TOR (Total Operating Revenue).

4.3. Result of MPI Analysis

This paper uses the Malmquist Productivity Index model to assess the technical efficiencies
and productivity performances of the 8 New Zealand Universities. This model generates scores in
three levels, the catch-up (technical efficiency), frontier-shift (technological change), and Malmquist
(productivity) index. Succeeding tables use a time interval = 1 to calculate index results for the
observation of DMUs’ performance during the individual intervals.

As seen in Table 5 below, there are three DMUs (DMU1, DMU4, and DMU6) that show no
significant progress in terms of technical efficiency performance over the period of 2013–2018 in every
time interval. This result implies that the DMUs are operating in a “no-change” manner throughout
these years. They show no progress nor regress within the year periods. These DMUs were not
included in the graph anymore. It is also noticeable that DMU2 was more efficient during the 2013–2014
and 2015–2016 periods but declined on the succeeding years and maintained an efficiency score value
of 1. Figure 2 displays the downward and upward trend of DMU2 before it comes to a stable state.
This can be due to the drop in the number of employees particularly on the academic personnel in
2014 and failed to regain the losses. DMU5, DMU7, and DMU8 also shown no substantial progress
nor regress as data shows their individual scores are roughly around the “no-change” value. DMU3
demonstrates a huge decline in efficiency among all the others as it attains the lowest score of 0.8478 in
the period of 2016–2017. Even if DMU3 performs a little progress in the following year, the average
efficiency score for the whole observation periods was greatly affected by the decline from the previous
year. Overall, the DMUs are not able to show improvement for the past six years. It is strongly evident
by the attained 0.9969 score average.

Table 5. Catch–up efficiency scores for the 2013–2018 period.

DMUs
Year Periods

2013=>2014 2014=>2015 2015=>2016 2016=>2017 2017=>2018 Average

DMU1 1 1 1 1 1 1
DMU2 1.09609159 0.91628871 1.091359076 1 1 1.020747875
DMU3 1 1 1 0.847807315 1.019116074 0.973384678
DMU4 1 1 1 1 1 1
DMU5 1 0.990254569 1.009369762 0.972188207 1.029087982 1.000180104
DMU6 1 1 1 1 1 1
DMU7 0.983631579 0.99324135 1.020818358 1.002684436 1 1.000075145
DMU8 1 1 1 0.978323209 0.924370093 0.98053866

Average 1.009965396 0.987473079 1.0151934 0.975125396 0.996571769 0.996865808
Max 1.09609159 1 1.091359076 1.002684436 1.029087982 1.020747875
Min 0.983631579 0.91628871 1 0.847807315 0.924370093 0.973384678
SD 0.035268452 0.029014388 0.03167009 0.052730083 0.031253333 0.014337993
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Figure 2. Catch-up efficiency chart for every DMU per year periods.

Certain conditions such as competitions, technological changes, innovations, regulatory and
political environment, etc., in which all the DMUs can be equally affected are represented by the
frontier-shift index. Table 6 presents an unstable movement of the DMUs when it comes to the technical
change during the observation periods. Frontier scores are noticeably slightly lower or higher to 1 with
scores between 0.9902 and 1.0317. This status suggests that all the DMUs were able to maintain their
positions against the rapid change in the technological environment and innovations as interpreted by
the average of 1.0088. Though it can be noted that during the period 2013–2014, DMU3 performed
progressively with a 1.1339 score which is the highest point among all other DMUs. DMU2 is able
to attain almost the same score during the 2017–2018 period with 1.1308. Figure 3 above shows all
the average frontier values are plotted slightly above and below 1. These outcomes can also be an
indication that the variables used for this study (input and output factors) have shown no significant
change resulting in a fairly stable condition. There is also a possibility that no substantial technological
change happened for the academic sector especially in terms of delivery of instructions, student
support services, etc., prompting the way for the DMUs to retain their standings.

Table 6. Frontier-shift efficiency scores for the 2013–2018 period.

DMUs
Year Periods

2013=>2014 2014=>2015 2015=>2016 2016=>2017 2017=>2018 Average

DMU1 1.010693009 0.936430638 0.987085807 0.997883831 1.01878562 0.990175781
DMU2 1.064501216 1.019402164 0.991793414 0.952002384 1.130851044 1.031710045
DMU3 1.133918617 1.00620516 0.94066454 0.941744429 1.017912233 1.008088996
DMU4 0.988649965 1.014844149 1.020876556 1.011278714 1.005319966 1.00819387
DMU5 0.972915975 0.984178198 1.032456901 1.012979863 1.001884719 1.000883131
DMU6 0.984252477 1.007133317 1.017783397 1.100542911 0.994019075 1.020746235
DMU7 0.984472308 0.970724559 1.009067017 1.030182408 1.092457772 1.017380813
DMU8 0.969990631 0.96769892 0.985320766 0.940434909 1.102286937 0.993146433

Average 1.013674275 0.988327138 0.99813105 0.998381181 1.045439671 1.008790663
Max 1.133918617 1.019402164 1.032456901 1.100542911 1.130851044 1.031710045
Min 0.969990631 0.936430638 0.94066454 0.940434909 0.994019075 0.990175781
SD 0.05727762 0.028754974 0.028859508 0.05417503 0.053926295 0.014125245
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Figure 3. Frontier-shift chart for every Decision-Making Units DMU per year.

The Malmquist Productivity Index (MPI) can be acquired through the product of catch-up and
frontier-shift efficiencies which can be seen in Table 7. DMU1, DMU3, and DMU8 show a decline in
progress with scores slightly below 1. The effect of a low frontier-shift and no-change catch-up scores
resulted in a 0.9902 MPI rating. DMU3 performs otherwise, getting also a low average productivity
score which is 0.9833 for the whole observation intervals. DMU8 exhibits low productivity progress
as evidently expressed by the MPI scores during the period of 2013–2017. It also gets the lowest
score for the rest of DMUs, with 0.92 points in 2016–2017. This performance of DMU8 resulted in
0.9724, the lowest among the total MPI averages. DMU4, DMU5, DMU6, and DMU7 remain slightly
progressive though there are inconsistencies in their individual productivity index for each time
intervals. All these four DMUs demonstrate regress during the 2013–2014 period but display progress
in the course of the 2015–2016 period. DMU2 records the highest score productivity performance
during the 2013–2014 period. This is due to getting progressive results in technical and technological
change efficiency. However, the inconsistent progress in total productivity factor from 2013–2018,
as seen in Figure 4 above, can be attributable to the alternating downward and upward performances
in the catch-up scores. But still, DMU2 scores the highest average with an MPI of 1.0532.

Table 7. Malmquist productivity efficiency scores for the 2013–2018 period.

DMUs
Year Periods

2013=>2014 2014=>2015 2015=>2016 2016=>2017 2017=>2018 Average

DMU1 1.010693009 0.936430638 0.987085807 0.997883831 1.01878562 0.990175781
DMU2 1.166790830 0.934066694 1.082402744 0.952002384 1.130851044 1.053222739
DMU3 1.133918617 1.006205160 0.940664540 0.798417815 1.037370719 0.983315370
DMU4 0.988649965 1.014844149 1.020876556 1.011278714 1.005319966 1.008193870
DMU5 0.972915975 0.974586957 1.042130776 0.984807077 1.031027524 1.001093662
DMU6 0.984252477 1.007133317 1.017783397 1.100542911 0.994019075 1.020746235
DMU7 0.968358051 0.964163771 1.030074136 1.032947866 1.092457772 1.017600319
DMU8 0.969990631 0.967698920 0.985320766 0.920049298 1.018921079 0.972396139

Average 1.024446194 0.975641201 1.013292340 0.974741237 1.041094100 1.005843014
Max 1.166790830 1.014844149 1.082402744 1.100542911 1.130851044 1.053222739
Min 0.968358051 0.934066694 0.940664540 0.798417815 0.994019075 0.972396139
SD 0.079371562 0.031452028 0.042613228 0.089270195 0.046743820 0.025368462
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Figure 4. Malmquist Productivity Index (MPI) chart for every DMU per year.

Figure 5 above describes the change in MPI averages for the whole period of 2013–2018. The DMUs
are progressive during the first period (2013–2014) and had a backslide in the next period (2014–2015).
Evidently, catch-up scores demonstrate an alternating trend while frontier scores follow a slightly
upward move from below 1 value starting in the 2014–2015 period. It is during the period of
2017–2018 where MPI reached the highest score, which means that this period, the eight universities in
New Zealand performed the best productivity despite the inconsistent progress of the catch-up and
below the 1 value of the frontier.
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Figure 5. Malmquist productivity indexes mean averages for every year intervals.

Based on the result of the MPI analysis, a ranking list of universities is presented in Table 8.
DMU2(LU), first, leads among the others in terms of overall productivity improvement for the period of
2013–2018. DMU4(UA) and DMU6(UO) turned out to be productive, in second and third place, despite
achieving a “no-change” in technical efficiency. This is the effect of obtaining a “>1” frontier score
which means these universities were able to adapt to the changes in the technological environment.
DMU5(UC) and DMU7(UW) listed as fourth and fifth for they are able to acquire slightly above 1 scores
for both catch-up and frontier efficiencies. The last three, DMU1, DMU8, and DMU3, demonstrate
regress in productivity performance over the year periods. Though the scores are just some little below
the “no-change” threshold, they are still considered non-productive at sixth, seventh, and eighth ranks.
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Table 8. Summary of results based in MPI and the ranking.

MPI Indicator DMUs University Rank

>1 DMU2 Lincoln University 1
DMU6 University of Otago 2
DMU7 University of Waikato 3
DMU4 University of Auckland 4
DMU5 University of Canterbury 5

<1 DMU1 Auckland University of Technology 6
DMU8 Victoria University of Wellington 7
DMU3 Massey University 8

5. Discussions

The measurement of efficiency index using MPI implies progress, regress, and no-changes.
The results obtained through catch-up efficiency implicate that the relative efficiencies of the
New Zealand universities are unstable and only show small progress. Obtaining an average highest
score of 1.02 within the whole period means that there is no significant development in the productivity
of these universities. This can also imply that the universities were able to maintain what was
continuously being accomplished in the period of 2013 to 2018. The same goes for the results of the
frontier-shift analysis. Having a maximum average value of 1.03 indicates no substantial developments
in responding to technological advancement in the aspects of education. The result of total factor
productivity with an average range of 0.97 to 1.05 signifies a small development in total productivity
of all the universities in New Zealand. Something must be done to make sure that these universities
will be more productive and developed in the future.

The study is limited to looking into the productivity of the eight universities in terms of the chosen
input and output factors that have relations to the funding basis of the New Zealand government.
Results turned out that in the span of six years, from 2013 to 2018, there was no significant increase in
the input and output factors. In so, it can be assumed that these universities do not exhibit a significant
improvement in terms of other aspects of development. For example, an increase in the enrolment
population may be associated with offering new and innovative course programs. This may lead to
an increase in research output since more students will be able to conduct research in a wider range
of areas. Furthermore, more students will lead to an increase in funding allocation. Another way to
increase research output is by hiring more research staff or enhancing mechanisms on faculty research
compensation. However, since, according to the results, it turned out that there are no significant
actions that happened to all the factors that may address the issues regarding the lack of funding.

The result of this study is limited to the aspects of efficiency in terms of the chosen input and
output factors and can make several assumptions that are measurable. This study does not make any
inferences regarding the quality of knowledge or graduates and any impacts on society or the economy.
The same approach was used by previous studies cited in this paper while using different combinations
of input and output factors, and a distinctive analytical model, although most of the studies from the
past also measured the efficiencies in terms of index scores that can be interpreted in some ways.

6. Conclusions

The goal of this study is to analyze the efficiency of the eight New Zealand universities during
the period of 2013 to 2018 to promote individual sustainable productivity. In order to achieve this,
the DEA based Malmquist Productivity Index model is applied to the data obtained. The technical
efficiency (catch-up), technological change (frontier-shift), and MPI were examined according to every
year period to see which universities are progressing and regressing at a certain time and level.

It has been claimed that the performance rankings of New Zealand universities in the international
academic environment are declining in the past few years. Policies regarding the funding models
are to blame for this problem. Not enough funding may hinder progress and development to any
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institutions and sectors. New Zealand universities rely on their funding from the combination of
student fees and government subsidies. The government allocates funds depending on the number of
students, performance in terms of research outputs, and other factors. These universities will have
to exploit whatever amount of funds they can get to pay for the yearly expenses, such as personnel
costs, occupancy and property leases, utility costs, and other miscellaneous expenses necessary for
university operation.

After analyzing the catch-up efficiencies of the universities, the findings show that only three
universities perform with progress, while three have no substantial change and two have regressed.
The results also show that during the period of 2013–2016, there are five out of eight, or 62.5%, of the
universities neither progressed no regressed Though during the 2015–2016 period, three universities
showed little improvement. The efficiencies of these universities can be improved by employing
more competent academic staff and hardworking general staff. Technically increasing the number of
valuable personnel is one of the keys to becoming efficient. While the number of personnel is increasing,
the number of enrollees must also increase. Escalating their numbers may result in an improved
number of research outputs. If there is an increase in personnel and research outputs, the New Zealand
government must also increase some funding, since EFTS is based on full-time student headcount
and PBRF from research outputs. The downward trend for the catch-up may stop if universities will
continue to improve their performance following the upward move during the 2014–2016 period of
2.8% increase from 0.9875 to 1.0152. This improvement is quite low, so a higher efficiency increase is
recommended in the next year period.

Contrary to catch-up efficiency, frontier-shift results demonstrate slightly positive performance.
This represents that certain external conditions, such as competitions, technological changes,
innovations, regulatory and political environment, etc., equally affect all the universities. Though the
results are stable with a horizontal trend, it can be noted that there was a decline of −2.51% during
2013–2-15 but an increase of 4.7% in 2016–2018 period. Similarly, the MPI also shows very small
progress with a 1.0058 productivity index. This is unquestionable however since MPI is the product
of the two previous efficiency measurements. Therefore, to further improve and move towards the
positive progressive phase, universities around the world must consider addressing some problems in
the organizational factors, such as personnel, facilities, laboratories, equipment, and student services,
while taking considerations of the external elements that affect their operations especially the rapid
change in technologies. In order to become economically sustainable, universities should focus on being
updated with the latest innovations, especially in academic-related systems. Now that the delivery
of instructions and services are being brought online, universities may consider overseas-learning
mechanisms for foreign students, which may increase their income from external sources and research
outputs while spending fewer local expenses. Overall, this study proves that New Zealand universities
maintained very small progress in terms of productivity performance. Almost “no-change” in
progress for the whole period of 2013 to 2018 was shown. This can be due to insufficient funds they
receive that are hampering their growth and development. The assessment of the funding model
implementation is suggested. The issues surrounding sustainable progress especially in the economic
aspect can be addressed through improvement in efficiency and productivity. Education must be a
top priority in terms of fund allocation in every country. However, while there are no actions in the
crafting of better funding policies shown, universities may expand their income-generation projects to
satisfy the insufficiency of funds. It is best to build strong partnerships with private institutions and
industries which may help in sourcing additional funds that can be used for sustainable development
of all universities.

This study has some limitations in terms of other aspects of sustainable education. Since the
variables used for the evaluation of performance are related to financial factors, this paper focuses
mainly on the economic pillar of sustainability. Other pillars, such as environmental and social pillars,
are not considered, since the main goal of this study is to determine the effects of the New Zealand
Government’s funding policies on the performance of the universities. Another reason is that most
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of the universities in New Zealand did not make it to the ranking list of other known international
systems for rankings including the UI GreenMetric, which considers the environmental and social
performances of different universities worldwide.

However, the study can be extended by integrating qualitative analysis models in multicriteria
decision-making. Therefore, in future studies, several aspects related to the efficiency of the academy,
such as quality of graduates, employability, university perception of employers, and other qualities,
should be studied further. This paper can also be a guide for future performance measurements:
not just in New Zealand, but for other countries as well.
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