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Abstract. Data envelopment analysis (DEA) measures the velatificiency of decision-
making units and avoids any functional specificatiorexpress production relationship
between inputs and outputs. DEA-based Malmquistiyrtvity index (MPIl) measures
the productivity change over time. In this papdre tMPI is used to measure the
productivity changes of Viethamese constructiorugtdy from 2007 to 2016. The results
of analyses indicate that productivity of the Vemmese construction industry
experienced a continuous improvement from 20004621t is found that there are gaps
in productivity development level among six regiansthe Vietnamese construction
industry. The DEA-based MPI approach provides adgtanl to support setting up
policies and strategic decisions for improving therformance of the Vietnamese
construction industry and promoting the sustainakelelopment of the industry between
different regions.
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1.Introduction

The construction industry is one of the major eenitosectors in Vietnam. It has been
widely recognized that the industry plays a vitakerin the process of economic growth
[1], as illustrated by the following data. Vietnaseeconstruction industry registered a
growth rate of 9.1% in 2016, measured at constabh® 2JS dollar exchange rates. This
was preceded by annual growth rates of 10.8%, 75980 and 6.4% in 2012, 2013,
2014 and 2015 respectively. This growth was supplosly economic recovery, coupled
with government investment in infrastructure andidential construction, and the
increased issuance of building permits. VietnantiSieal Yearbook, 2016.

Statistical data could only describe an outlinetlod Viethamese construction
industry. In order to mine the data and retrieviermation to support macro decision
making of governments and enterprises, which adathe immense pressure due to
market globalization, regulatory changes, and ti@nging economic climate, especially
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after Vietnam’s entry into the World Trade Orgati@a (WTO) in 2006, effect
approaches and tools must be adopted to analyzefftbiency and productivity growth
of the industry dynamically and continuously in thepAlso, the competitiveness of the
construction industry can be enhanced through tdffecdecision making and
productivity improvement.

Productivity is not the only one determinant of mmmic growth, it does provide a
measure of economic prosperity and degree of cativeeiess of an industry though.
Valuable information about the effectiveness ofnegpic policies can be provided by
productivity analysis and, thus, provide a usefubltin policy design to improve
economic development and industry performance [2].

Therefore, | believe that analyzing the producfivithanges of the construction
industry in Vietnam is extremely necessary. Amohg Various efficiency evaluation
modeling techniques, the data envelopment anaglp&ig\) has recently become a
popular and widely utilized. DEA method-through tienultaneous analysis of several
indicators of economic activity-provides more olije assessment and gives the
possibility to take into account strengths of tioairdry. It has gained its popularity as a
methodology in evaluating bank performance [3,473,@ssessing universities research
efficiency (Beasley, 1995), identifying excessesdeficits in production as well as
examining buyer— supplier supply chain [8,9,10, B3rrell [12] first proposed a non-
parametric method of computing the relative efficienf a decision making unit (DMU)
on the basis of a set of DMUs. Two decades latear@es et al. [13] further proposed a
line programming model to evaluate technical efficie and technological progress.
Afterwards, DEA was widely used in measuring eneaggl environment efficiency at a
macro-economic level. Zhou et al. [14] made useani-radial DEA approach to measure
environmental performance of OECD countries ang floend that the environmental
performance of OECD countries has been improveihgur995-1997. Freeman et al.
[15] and Hu and Wang [16] used the DEA method tasnee energy efficiency. Honma
and Hu [17] measured and compared regional eneffigeacy during the period of
1993-2003 in Japan. Chien and Hu [18] used DEAntdyae the effects of the use of
renewable energy on the technical efficiency of éanemies from 2001 to 2002. Zhou
et al. [19], however, did a careful review of 10EMD applications in energy and
environment policy and found out that most of thales are measuring efficiency under
assumption of constant returns to scale (CRS) whftgn conflicts with the reality of
production. In order to overcome this, Bankerdi@d] proposed a DEA (BCC) model
based on variable returns to scale (VRS), whiclkebetuits the reality. A number of
research projects have been carried out to anagdeexplore the use of DEA in the
construction industry. Chau et al. [21] applied DEfethod to analyze the relative
productive efficiency of construction firms in Hokgng. They found not only evidence
that supports the catching-up hypothesis but disonegative impact of the degree of
subcontracting and capital to labor ratio on théatiee productive efficiency of
construction firms although the latter has positingpact on the growth of technical
efficiency over time. McCabe et al. [22] studiedearhanced contractor prequalification
model using DEA together with a methodology foredetining a “practical frontier” of
best contractors. According to the authors, thabdished practical frontier can be used
as a regional performance standard for the ownpreagualification and as improvement
guidelines for contractors. El-Mashaleh et al. [2Bled DEA to propose existing
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construction benchmarking models and a new confirudbenchmarking model that
provides a performance metric for measuring firmrfgrenance on a company-wide basis
and supports trade-off analysis among various padace metrics. Their models also tie
the resources expended by construction firms to heell those overall firms
performance. Additionally, the proposed models @ev managers guidance in
determining how specific company resources can dadlocated to lead to superior
overall company performance. Castro-Lacouture ef2dl] developed an optimization
tool for purchasing decisions in B2B constructioarketplaces based on the theory of
DEA. They addressed the purchase of constructiderabs as the last component in the
construction supply chain. Cheng et al. [25] introed the application of data
envelopment analysis (DEA) as an alternative ciszhting model. Chiang et al. [26]
introduced the DEA method to input-output@) analyses. DEA method was used to
calculate the relative efficiency for each indudtsector based on inputs and outputs of
an |I-0 table. They discussed a numerical exampdedan the Japanese case. Based
upon their research results, strategies and pslicaild be formulated to overcome
difficulties and problems faced by the constructiefated companies, the construction
sector as a whole, and the government as well.

The Malmquist index, which measures productivityarle over time, was first
introduced by Malmquist [27] as a quantity indek @ige in the analysis of consumption
of inputs. The MPI was suggested by Caves et &], [@ho extended the idea of
Malmquist. The input-based MPI is defined as th®raf two input functions by Caves
et al. [28], while assuming no technical ineffiadgn Fare et al. [29] integrated the
method of measuring efficiency from Farrel with tihethod of measuring productivity
from Caves et al. [28] to develop a DEA-based Malisigindex of productivity change
using input and output data. This DEA-based MPI basome a popular tool for
measuring productivity change of DMUs over time.

A variety of applications that use the DEA-basedl MPevaluate the productivity
change over time have been explored in varioussinigs. Fare et al. [29] studied the
productivity development in Swedish hospitals opegain a nonmarket environment,
where radial DEA efficiency scores are used. Qrifatjéand Lovell [18] used this
method to assess the effect of deregulation oniSipdanks. An empirical investigation
of the catch-up hypothesis for a group of high kwd countries is conducted by Taskin
and Zaim [27]. Mahadevan [21] used DEA to calcuMtel and divided it into technical
change, change in technical efficiency, and changscale efficiency to explain the
productivity growth performance of Malaysia’s 28méacturing industries from 1981 to
1996. Shestalova [25] applied both the standard DEAethodology with
contemporaneous frontiers and DEA with sequentiahtfers to study changes in
productivity and efficiency in manufacturing for sample of 11 organization for
economic cooperation and development (OECD) camtover a 20-year period. The
factoring of MPlIs is used to located sources ofdpobivity growth in his research, i.e.,
technical progress and catching up. A non radiall MBere the decision maker’'s
preference over performance improvement can bepocated is studied by Chen et al.
[9] with an application to measure the productiviigange of three Chinese major
industries: textiles, chemicals, and metallurgicdlging the fourth of 5-year-plan
periods. Chen et al. [9] provided an extensiorhsnDEA-based Malmquist approach by
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further analyzing the two Malmquist componentshteécal change and frontier shift.
They believe that their new approach not only rvpatterns of productivity change and
presents a new presentation along with the marageplications of each Malmquist
component, but also identified the strategy shifttndividual DMUs based on isoquant
changes. Gonzalez and Gasén [17] estimated MPIsliaithd them into tour sources of
productivity change to analyze the evolution of pineductive patterns in a sample of 80
pharmaceutical laboratories that operated in Sfsram 1994 to 2000. Asmild et al. [1]
proposed a combination of approaches, combining DEAdow analysis with the
Malmquist index approach, to calculate efficiencgres and show the Canadian banking
industry’'s progress over 2 decades (1981-2000).ckd@4] used a DEA-based
Malmquist index to measure productivity growth iarget achievements of the
operational units of the Norwegian Public Roads Adstration (NPRA) charged with
traffic-safety services. His DEA framework appliedrresponds to a BCC [17] model
with unique constant input. Camanho and Dyson §8JduDEA and Malmquist indices to
develop measures for comparing groups of DMUs #uodtriated the approach with an
application to assess the performance of commebaak branches in Portugal. The
analysis involved the construction of an index eeting the relative performance of
branches in four different regions, which can beodeposed into an index for the
comparison of within-group efficiency spread, ewing internal managerial
efficiencies, and an index for the comparison ahfier productivity, reflecting the
impact of environmental factors and regional marnabepolicies on branches’
productivity.

The combination of DEA method and Malmquist indédgves not only to evaluate
the changes in relative productivity but also teedmine the factors affecting change
(technological change or technological change).oflhose support reasons why | go to
the thesis Measuring the Malmquist productivity ided (MPIs) of the Vietnamese
construction industry by using the data envelopnagatlysis (DEA) approach over the
period of 2007-2016.

In summary MPIs are divided into different compasero derive detailed
information when applying the DEA-based MPIs tolgrathe productivity change in a
specific industry. In this paper, the MPI is divideto two components, i.e., the change
in technical efficiency and the shift of empirigatoduction frontier, to measure the
productivity change of the Vietnamese constructimtustry from 2007 to 2016. The next
section describes the concepts of MPIs and outlihestheoretical foundation of the
DEA method of measuring MPI. Its application to tBRinese construction industry is
presented and discussed. The conclusions are dinative last section.

2. Methodology

2.1. Model of DEA-based malmquist productivity index

Suppose there are n DMUs, each DMUj (j=1, 2,...,mdpces a vector of outpmﬁ =
(¥1j,---.v;) = by using a vector of input§ = (x{;,...,x},;) at each time period t, t = 1,. .
.,T. The DEA model at the time period t can be falated as follows [13]:

05(x6, ¥6) = mind,
s.6.XT_1 A xf < 0ox5(1)
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n
Zﬂj yi = 60y6
=1

24=0j=1,.,n
wherex§ = (xt,,....x%,0) andy§ = (¥fo,...,y5) = input and output vectors of DMUO
among others. Note that model (1) is input-oriertedstant return to scale (CRS) DEA
model. Returns to scale are technical propertigbeoproduction function. If we increase
the quantity of all factors employed by the sammogprtional) amount, output will
increase. These three basic outcomes can be iddntiéspectively, as increasing returns
to scale, constant returns to scale, and decreasinms to scale. The major property of
constant returns to scale production functiond both the average productivities and
the marginal productivities of factors are indepntdf the scale of production, i.e., they
depend on factor proportions only.

The efficiency8;(65 = 05(x§,y¢)) determines the amount by which observed
inputs can be proportionally reduced, while stilbgucing the given output level. If
6f =1, then DMUO is efficient in time period t. In thi®ndition, DMUO is unable to
proportionally reduce its inputs and reaches orethpirical production frontier (EPF). If
65 < 1, then DMUO is inefficient and can reduce its irgputhis shows that DMUO is
operating below the EPF [8].

From t to t+1, DMUQO’s technical efficiency may clggnor (and) EPF may shift.
MPI can be calculated via the following steps (Fétral. 1994a; Zhu 2002):

1. Comparingc§ to the EPF at time t, i.e., calculati§(x§, y§) in model (1);

2. Comparingef*! to the EPF at time t+1, i.e., calculatifg* (x{*t, y{t?) via the
following linear program:

06" (g™, y6™) = min 6,
s.tYT Ayt < 66t (2)
n

t+1 t+1
le Vi 2 Yo
j=1

2;20,j=1..,n
3. ComparingxSto the EPF at time t+1, i.e., calculatingt*(x§,y8) via the
following linear program:
057" (x5, y5) = minby
s.6.XT_4 A xf < 00x4(3)
n

Z Lyt =y
=1

Aj = 0,] = 1,...,Tl
4. Comparinge§*?! to the EPF at time t, i.e., calculatiBg* (x§, y&)
via the following linear program:
0b(xE, yEt) = mind,

S.6.X7_4 A xf < Box5H(4)
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n
Z Ayp zy6t
=1

4 =0j=1,.,n
The MPI is defined as:

05y o5 yh) 17
95(x6+1 y5+1) 95+1(x6+1 y6+1)

The MPIO measures the productivity change betweeiogs t and t+1. Productivity
declines if MPIO >1, remains unchanged if MPIO atig improves if MPIO < 1.

The MPIO can be divided into two components [29].

05(xk v6)  [06+1 (e, yEtY) 06+ (xed v

06" (g™ ys | 050 yst)  66(xg, )
where the first component on the right hand sideasuees the change in technical
efficiency (TEC) between periods t and t+1, so that

65 (x5, ¥6)
95+1 (x(L;+1’ y5+1)

The second component, which is the geometric messasures the EPF shift
(EPFS) between periods t and t+1, so that
05" (x5, yE+Y) 0§71 (b, v

050" 5™ 65(x5,¥0)

MPI, = [

MPI, =

TEC, =

EPFS, =

Then, the MPIO can be formulated as follows:

MPIO = TECO - EPFSO

If the value of EPFSO is less than 1, it signifiggositive shift or technical progress.
If the value of EPFSO is greater than 1, it indisad negative shift or technical regress,
and if the value of EPFSO0 is equal to 1, it sigrsfno shift in EPF [29].

2.2. Dataand DMU selection
All DMUs in the industry use four inpuk, X,, X; and X, to produce four outputg, Y,

,Y; andy,. The data used in this study came from the StalsYearbook of Vietham

by the Vietnamese Bureau of Statistics, as puldisheery year during the time period
from 2007 to 2016. The data set includes four impotmber of businesses, number of
laborers, capital, non-current assets and fourutsitppotal revenue, net business revenue,
benefit before tax, taxes and others payable toState budget. Since a series of
economic development plans are designed to boestabhelopments of different regions,
all data are grouped into six regions, i.e., RedeRiDelta, Northern midlands and
mountain areas, North Central and Central coastaisa Central Highlands, South East,
Mekong River Delta. These six regions representdifferent economic development
levels. Each region is considered as a DMU in Medgl)—-(4) to measure the
productivity change in the Vietnamese constructiodustry. Malmquist indices are
going to be estimated by DEAP software includinficieincy change, technical change,
pure efficiency change, scale efficiency changel facts productivity change.
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3. Empirical analysis

Based on the data discussed in Section 2.2 ingudiputs (number of businesses,
number of laborers, capital, non-current assetsyvels as outputs (total revenue, net
business revenue, benefit before tax, taxes aretofayable to the State budget), the
writer apply DEAP software to calculate efficienchange, technical change, pure
efficiency change, scale efficiency change, todakd productivity change for six areas.
The results are shown in Table 1.

Table 1. Average Malmquist Productivity Index of Viethaméaenstruction Industry

Efficiency Te_chnical Pu_re_ Sc_al_e Total fac?o_r

Year change efficiency efficiency efficiency productivity
change change change change

2007-2008 0.994 0.948 1.001 0.992 0.942
2008-2009 1.077 1.006 1.042 1.033 1.084
2009-2010 1.012 0.910 0.994 1.019 0.921
2010-2011 1.050 0.910 1.04 1.009 0.955
2011-2012 1.001 0.956 1.000 1.001 0.957
2012-2013 1.022 0.952 1.014 1.008 0.972
2013-2014 0.987 0.984 0.996 0.991 0.971
2014-2015 0.988 0.964 0.999 0.989 0.953
2015-2016 0.999 1.064 0.989 1.010 1.062

Analyzed results show that in the research pegederally Malmquist indicators:
Index of efficiency change (effch), technical changechch), pure efficiency change
(pech), scale efficiency change (sech), total factsluctivity change (tfpch) of most
stages is less than or approximately 1, which atdE decline in productivity and
operational efficiency during this period was calisey a decline productivity,
performance of construction industry of the follagiyear compared to the previous
year. During this period, only effch and sech wapproximately 1, and other indicators
were quite small leading to the tfpch index is demathan 1. Except for the period of
2007 - 2008 Malmquist indicators: effch, techckghs tfpch of the 2008-2009 and 2011-
2012 periods are all larger than 1, so there ham k#e recovery in production, the
productivity of construction companies in year 2@0®I year 2012 increased compared
to 2008 and 2011 increased compared to 2012. Bhiglso reasonable as in 2009,
construction companies received support from theegonent's policy and the second
bailout package, focusing on improving technoldgyproving technology to save costs
in a financial crisis and global recession. Thisokery, however, is only temporary, not
enough to help the construction industry gain theiréd growth (The evidence is that
right after this period, all indicators fell shay)l

Throughout the study period, the average valuesthef indicators: technical
efficiency (techch) change = 0.966 smaller thait implies that the performance of the
construction industry needs further improvement.Tteehnical productivity and
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efficiency of the use of inputs has decreased duitis period, construction companies
have used an increasing amount of inputs to protheesame outputsin comparison with
other industries. Therefore, in order to improve throductivity of the construction
industry, it is necessary to renovate the technglagtionalize production, improve
management and improve the labor standards of wsrke

The average index of scale effectively change (sechpproximate 1 and almost
maintains stability around this level. Thus, ac@ugdto construction industry scale,
productivity is almost unchanged during the studsiqul, which can be explained by the
fact that the construction industry activities dgrthis period are effective mainly thanks
to the expansion of quantity, the improvement &f shale of operation has not yet been
implemented strongly. However, the constructiorustidy's activities in this period still
have a fairly reasonable scale.

Total factor productivity (TFP - Total Factor Pratiuvity) is an indicator that
reflects the production results by improving thdicefncy of using inputs (tangible
factors), basing on the impact of invisible factetsch as technological innovation,
production rationalization, management improveménfyrovement of workers' labor
standards and the like (general referred as tatabifs).

The total factor productivity change (tfpch) = B9in the study period is less than
1, indicating that productivity has decreased duthis period. The speed of productivity
increase of the total factors also reflects theedpef scientific and technological
progress. IT is a general indicator reflecting ridgid and slow progress of scientific and
technological progress in a certain period timebldal shows that although effchand
pech is biger than 1, techch and sech are smhlar1 which reduced the result of total
facts productivity change index.

Table 2: Average Malmquist Productivity Index of Viethaméaenstruction in six regions

- Technical Pure Scale Total factor
Efficiency ey - oy .
efficiency  efficiency efficiency  productivity
. change
regions change change change change
South East 1.000 1.526 1.000 1.000 1.526
Mekong River Delta  0.933 1.068 0.934 0.999 0.996
Northern midlands
and mountain areas 1.000 0.988 1.000 1.000 0.988
North Central and
Central coastal areas 1.000 1.052 1.000 1.000 1.052
Highlands 1.000 0.831 1.000 1.000 0.831
Red River Delta 1.064 1.031 1.000 1.064 1.096

Table 2 reports the MPI of the Vietnamese constncbf six regions industry in
different time period. The researcher first analylze data of the south east region
reported in Tables 2. The values of MPI are greti@n 1 in the reported period, which
indicates the decline of productivity in the soetst regions from 2007 to 2016. The
productivity of the construction industry in southst regionimproves during the time
period and markedly increases from 2015 to 2016 I
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Regarding the Mekong River Delta region, its prdility of the construction
industry declined during the time period 2007-20&%¢ept for the period 2009-2010,
2010-2011. The improvement of productivity in tirae period 2008-2009 is the highest
during the time periods.

For the North Central and North Coastal areas tbdygtivity of the construction
industry improves respectively during the time pérfrom 2007 to 2019, except for the
periods 2011-2012 and 2014-2015. The improvemeptarfuctivity in the time period
2009-2010 is the highest during the time periodd among the six regions. The
construction industry in Northern midlands and maimareas also has this phenomenon
in the time period 2011-2012.

According to Fig.1, it is obvious that the produitti of construction industry in
Highland region experienced an improvement durivgyttime period 2007-2016, except
period 2015-2016. The construction industry in tRed River Delta region almost
improves and only slightly declines in 2010-201012-2014 periods. Overall, there is an
improvement in productivity from 2007 to 2016.

Looking at the industry average of the Viethamesestruction industry, it can be
seen that the productivity of the industry respetyi improved in the time periods 2009-
2010, 2010-2011. It is worthwhile to note that theoductivity of the Vietnamese
construction industry starts to decline in 2011204fter experiencing continuous
improvement from 2007 to 2011.

Comparing the four regions with the industry averé&ee Table 2 and Fig. 1), it can
be found that the improvement of productivity inrtth@rn midlands and mountain areas
and Highland is less than the improvement of prtdig of the industry average, and
the improvement of productivity in Mekong River Bebnd south east regions is greater
than the industry average. Furthermore, the impr@re of productivity in the Red River
Delta region is less than the other regions in ntiost periods. In summary, there are
still gaps in the productivity level between ditfet regions in the Vietnamese
construction industry, especially the improvemeftpooductivity in the south east
region, as this is more prominent than the other ffegions.

4. Conclusions

It is widely known that the DEAmodel can avoid usfanctional specification to express

production relationships between inputs and outpthe DEA-based MPI approach has
been applied to measure the productivity in variogsistries by many researchers. The
input-oriented CRS DEA-based MPIs are used to mieake productivity changes of the

Vietnamese construction industry over the time querfrom 2007-2016 based on

eightindicators.

The results of the study have shown the growthoabtruction industry productivity
and its causes. Accordingly, the productivity growft the construction industry over the
past time has increased the technological progresghe sharp decline of technical
efficiency and pure efficiency has made the pragiigt of the entire Viethamese
construction industry down in recent years.
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ééé@ (METE B EITELIEEINEN

2007- 2008- 2009- 2010- 2011- 2012- 2013- 2014- 2015-
2008 2009 2010 2011 2012 2013 2014 2015 2016

M South East 1.027 1.030 1.013 1.024 1.073 1.025 1.060 1.143  1.361
Mekong River Delta 1.107 1.038 1.204 1.299 1.168 0.959 1.102 0.947 0.926

Northern midlands and

. 0.734 0.689 0.774 0.957 1.228 1.064 1.105 1.007 1.011
mountain areas

North Central and Central

0.716 0.708 1.312 1.448 1.111 1.111 1.167 0.975 0.986
coastal areas

B South East Mekong River Delta
Northern midlands and mountain areas m North Central and Central coastal areas

M Highlands M Red River Delta

Figure 1. Changes of MPI

The above approach has an overview and providesrieng information about
efficiency change, technical efficiency change dné total facts productivity of the
construction industry in Vietham. Since then, itulgb support for managers, policy
makers and investors in making policies, measuar@sprove efficiency and productivity
for Vietnam's construction industry. However, thtudy of productivity changes
associated with other factors (such as performafacdors affecting performance ...)
based on the DEA model,could be carried out fasrmér period of time, will provide
more accurate and valuable information for the tranton industry in particular and for
the whole economy in general. The above mentiossdes will be the direction for
future studies to be carried out in the future.
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