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Abstract 

Nowadays, many construction engineering and technology enterprises are evolving to find that prosperity is driven and inspired by an open 
economy with dynamic markets and fierce multifaceted competition. Besides brand and product uniqueness, the ability to quickly provide 
customers with quotes are matters of concern. Such a requirement for prompt cost estimation of construction investment projects with the 
use of a construction price index poses a significant challenge to contractors. This is because the nature of the construction industry is shaped 
by changes in domestic and foreign economic factors, socio-financial issues, and is under the influence of various micro and macro factors. 
This paper presents a fuzzy decision-making approach for calculating critical factors that affect the construction price index. A qualitative 
approach was implemented based on in-depth interviews of experts in the construction industry in Vietnam. A synthetic comparison matrix 
was calculated using Buckley approach. The CoA approach was applied to defuzzified the fuzzy weights of factors that affect the construction 
price index. The research results show that the top five critical factors affecting the construction price index in Vietnam are (1) consumer 
price index, (2) gross domestic product, (3) basic interest rate, (4) foreign exchange rate, and (5) total export and import.
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1. Introduction

The construction industry plays a vital role in the 
national economy of Vietnam (Luong, Tran, & Nguyen, 
2018; Sy, Likhitruangsilp, Onishi, & Nguyen, 2017; Vo, 
Nguyen, & Le-Hoai, 2019). In recent years, crucial socio-
economic development indicators of construction reached a 

fairly high growth rate. For example, the production value 
of construction at 2016 prices was estimated at VND1,089.3 
trillion, an increase of 10.4% from 2015. This accounted for 
6.19% of the national GDP (2015: accounting for 5.97% 
of GDP). The national urbanization rate was about 36.6%, 
an increase of 0.9% from 2015. It is predicted that civil 
engineering and industrial construction would grow at an 
average rate of 6.6% per year from 2017 to 2025 and that 
there was a bright outlook in the construction market in the 
coming years. The domestic economy has grown to be stable 
and sustainable, the pace of urbanization has improved and is 
expected to surge in the future (Lee & Xuan, 2019; Nguyen 
& Ngoc, 2020). Amendments and supplements to Vietnam’s 
laws and relevant legal provisions, together with stimulus 
policies, have heated the real-estate market, thus, driving the 
rise of the construction industry.

Besides, Vietnam is in a transition from a centrally-
planned economy to a socialist-oriented market economy 
(Nguyen, Tran, & Huynh, 2019; To, Ha, Nguyen, & Vo, 
2019; Wrana & Nguyen, 2019). Thus, modifications and 
completion of mechanisms and policies in the legal system 
regarding investment and construction management, as well 
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as changes in material price, labor, and machinery costs, 
have seriously affected the construction costs (Pham, Dao, 
Cho, Nguyen, & Pham-Hang, 2019; Vo et al., 2019). On 
the other hand, since construction projects take a long time 
to complete, the construction costs are subject to market 
fluctuations, especially financial and socio-economic 
factors. All these issues make construction work overtime 
not extremely comparable in terms of quantity and price 
while puzzling cost estimators limit sound estimations 
and effective control of costs. This challenge prompts the 
need to identify the construction price index of the works 
as well as macro-influencers. A construction price index is 
of paramount importance for the success of any engineering 
project as it helps to accurately estimate the cost of the project, 
prepare the budget at the initial planning, and manage and 
control costs throughout the life of the construction project 
(Cao & Ashuri, 2020). Therefore, this paper presents critical 
evaluation factors that affect the construction price index 
using the fuzzy analytical hierarchy methodology. 

2. Literature Review 

It is a common practice worldwide that construction 
price indices are declared by official state authorities 
(Elfahham, 2019; Wang & Ashuri, 2017). In some countries, 
several sources provide construction price indices, but in 
others, there is only one formal agency authorized by the 
State to quote them. The construction price indices are 
typically published on the website of official state agencies 
(for example, the Ministry of Construction or Department 
of Construction), newspapers and journals, or statistical 
yearbooks (Moon, Chi, & Kim, 2018). The quotation may be 
made on a quarterly, half-year, or yearly basis. 

In countries that neighbor Vietnam, as well as many other 
parts of the world, construction price indices are assessed 
by the balance of market supply and demand (Rafiei & 
Adeli, 2018). These construction price indices reflect the 
fluctuation of construction costs over time and serve as a 
basis for the calculation and adjustment of total investment 
and management of work construction investment cost 
(Long, Tran, & Nguyen, 2019; Nguyen & Nguyen, 2020). 
Construction price indices are distinguished by the type of 
work, area, and quotation time. Also, they are expressed as 
the ratio of the construction cost at the time of comparison 
to the construction cost at the reference time. Therefore, 
construction price indices represent the fluctuation (increase 
or decrease) of work construction costs over time (Ling & 
Hoang, 2010).

Correct measurement of construction price indices serves 
as a powerful management tool that assists construction 
stakeholders, allows the construction investment cost to be 
correctly, and fully worked out, straight on the groundwork 
of the project (Saar, Chuing, Yusof, Zakaria, & Chuan, 

2019; Zhang, Xing, Ye, Lu, & Shan, 2019). Thus, further 
adjustment of costs during project performance is minimized 
and simplified while being able to catch up with market 
demand. In particular for: 

(i) Project owners: it serves as a basis for sound 
measurement of the total investment amount, proper 
cost estimates, and pricing of bidding package 
during project preparation, management, and 
implementation.

(ii) Contractors and subcontractors: it enables the 
disposition of science-based construction bidding 
pricing strategies based on specific conditions, 
construction times, frame and funding schedules, etc.

(iii) Consultants: it assists in project preparation, cost-
management consultancy, and proper measurement 
of the total investment amount at project preparation. 
This provides investors with a foundation for cost 
management during project implementation;

(iv) Regulatory agencies, financial institutions, and 
banks that fund projects: it serves as a basis for 
management and allocation of funds and adjustment 
of costs during project implementation.

In Vietnam, construction price indices are published 
by the Department of Construction and determined for 
five types of construction work (civil, industrial, transport, 
waterworks, and technical infrastructural works). The 
following documents are the foundation for the calculation 
of the construction price index: (i) the State’s documents on 
investment and construction management; (ii) Vietnamese 
construction regulations and standards; (iii) bases for the 
classification and grading of works according to current 
regulations; (iv) regimes, policies and regulations on 
management of construction investment costs, use of labor, 
supplies, construction vehicles and machinery, and other 
relevant costs at the time of calculation; (v) the cost base at 
the time of calculation; (vi) statistics on the cost structure by 
types of construction work; and (vii) specific data on costs of 
work implementation, etc. 

Construction price indices are always used for evaluating 
changes in the labor force and construction materials. In 
the United Kingdom, Akintoye, Bowen, and Hardcastle 
(1998) found leading factors that affect construction 
price indices include interest rates, investment intention, 
new empowerment of architects, drawing production, 
requirements, orders, expected work volume, and 
construction costs. Meanwhile, Shahandashti and Ashuri 
(2013), from the US, proposed some factors affecting 
construction price indices, namely, the consumer price index, 
the gross domestic product, construction permits, the supply 
of currency, the production cost index, crude oil prices, and 
employment rate in the construction industry.
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In addition to the literature review, the qualitative 
approach was implemented based on in-depth interviews of 
experts in the construction industry in Vietnam. The research 
explored nine critical factors that affect the construction 
price index, as shown in figure 1.

3. Research Methodology

The fuzzy logic and analytical hierarchy process were 
conducted based on the group decision evaluation of 
construction experts in Vietnam. In other words, we developed 
all the pairwise comparison matrices based on expert input 
data. Three main steps are presenting the calculation process 
of the weights of factors affecting construction price index 
based on fuzzy logic and analytical hierarchy process 
(Nguyen, Nguyen, Nguyen, & Huynh, 2019):

Step 1. We calculated the synthetic comparison matrix 
using Buckley approach:

1 2 3 1( ... )n n
ij ij ij ij ij ijb b b b b b−= ⊗ ⊗ ⊗ ⊗ ⊗           (1)  

Step 2. Next, we need to solve the fuzzy weights of 
factors affecting construction price index:

1/
1 2 , 1( ... ) n

i i i i n inq b b b b−= ⊗ ⊗ ⊗ ⊗   



  (2)

Moreover, for the weight of any factor affecting the 
construction price index:

1
1 2 1( ... )i i n nw q q q q q −

−= ⊗ ⊕ ⊕ ⊕     

 (3)

where iw is indicated by a triangle number in a fuzzy 
environment.

Step 3. In this research, we applied the CoA approach 
to defuzzified the fuzzy weights of factors that affect the 
construction price index in Vietnam:

[( ) ( )] / 3
i i i i i iw w w w w wP C A B A A= − + − +  (4)

where 
iwP is the best non-fuzzy performance value.

4. Results and Discussion

Firstly, we can use formulas (1) and (2) to obtain the 
synthetic matrix and fuzzy weights of the factors affecting 
the construction price index: 

1/9
1 11 12 13 17 18 19( ... )q b b b b b b= ⊗ ⊗ ⊗ ⊗ ⊗     



1/9

1/9
1

1/9

(1.000 0.9036 0.3593)
(1.000 1.1067 0.4518)
(1.000 1.4142 0.6389)

q

 × ×…×
 

= × ×…× 
 × ×…× 



( )1 0.7373,  0.9920,  1.3329 .q =

Likewise, we can obtain the remaining iq :

( )2 0.7071,  0.9594,  1.3075 ,q =

( )3 1.1110. 58118,  ,  1.5104 ,q =

( )4 0.9970. 17311,  ,  1.3633 ,q =

( )5 1.1810. 58275,  ,  1.6569 ,q =Figure 1: Critical factors affecting the construction price 
index in Vietnam
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the relative deviation of consumer goods prices over time 
(Boskin, Dulberger, Gordon, Griliches, & Jorgenson, 1998; 
Konny, 2020). It varies relatively because it is calculated 
for a defined group of goods that represent all consumer 
goods. The consumer price index is the most widely used 
indicator to measure prices. The fluctuation of the price is 
called inflation. A low inflation level favors the development 
of construction. Rising inflation reduces the already narrow 
profit margin for construction contractors, and at the same 
time, pushes up the interest rate, which adversely affects 
construction demand. 

In recent years, there has been a stable inflation rate of 
3-4% per year in Vietnam, about half the average of the 
past 20 years (Ha, Le, & Trung-Kien, 2019; Nguyen, 2008). 
Nonetheless, this rate is high compared to neighboring 
countries and gives signs of an upsurge. This is due to the 
upward price adjustment of goods and services under the 
State’s control, including electricity, health care services, 
education, petrol, and the environmental protection tax. 
etc. (Nguyen, Mai, & Huynh, 2019). Moreover, Vietnam’s 
economy has transcended its potential, which may raise the 
prices of popular goods.

Besides, the consumer price index is estimated to 
correlate mostly with construction price indices. This is 
understandable as the fluctuations of market prices directly 
affect the price of construction products, which drives 
construction price index volatility. The consumer price index 
affects construction price indices as it relates to construction 
materials, labor, and machinery, particularly: 

(i) Material: the consumer price index determines 
whether the demand for housing and types of 
construction materials increases or decreases. When 
the need for repair and construction of houses, roads, 

( )6 0.710 3.5 0247,  ,  0.9986q =

, 

( )7 0.810 1.6 8081,  ,  1.0975q =

,

( )8 1.100 2.8 3186,  ,  1.4833q =

,

( )9 1.250 7.9 7415,  ,  1.6433q =

.

Then, the weight of each factor can be found using 
formula (3) as follows:

1
1 1 1 2 3 7 8 9( ... )w q q q q q q q −= ⊗ ⊕ ⊕ ⊕ ⊕ ⊕ ⊕       

=  ( )0.7373,  0.9920,  1.3329 ⊗  [1/(1.3329 + 1.3075 

+…+ 1.6433), 1/(0.9920+0.9594+ …+1.2577,   1/
(0.7373+0.7071+…+ 0.9415)] 

( )1 0.0595,  0.1087,  0.1987w =

. 

Likewise, we can obtain the weight of the remaining 
factors: 

( )2 0.0571,  0.1051,  0.1949w =

,

( )3 0.0655,  0.1218,  0.2252w =

,

( )4 0.0590,  0.1093,  0.2032w =

,

( )5 0.0668,  0.1295,  0.2470w =

,

( )6 0.0423,  0.0781,  0.1489w =

,

( )7 0.0491,  0.0889,  0.1636w =

,

( )8 0.0660,  0.1208,  0.2211w =

,

( )9 0.0760,  0.1378,  0.2 50 .4w =

To take the P value of the fuzzy weight of the first factor 
as an example, the calculation process is as follows:

1 1 1 1 1 1
[( ) ( )] / 3w w w w w wP C A B A A= − + − +      

        [(0.1987 0.0595) (0.1087 0.0595)] / 3 0.0595= − + − +

1wP = 0.1223

Similarly, the fuzzy weights for the remaining factors 
affecting the construction price index can also be found, as 
shown in Table 1. 

The research results show that the consumer price 
index is the most crucial factor affecting the construction 
price index in Vietnam. It is a percentage value reflecting 

Table 1: The weights for factors affecting the construction 
price index in Vietnam

Factors Affecting the Construction 
Price Index in Vietnam Weight Rank

Total construction investment capital 0.1223 6
Vietnam’s stock price index 0.1190 7
Basic interest rate 0.1375 3
Total export and import 0.1238 5
Gross domestic product (GDP) 0.1477 2
The geographical location of the 
construction project 0.0898 9

Crude oil prices 0.1005 8
Foreign exchange rate 0.1360 4
Consumer price index (CPI) 0.1529 1
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etc., changes, the price of maintenance materials 
and repair services will be varied accordingly. This 
fluctuation partly affects the movements of the 
material construction price index.

(ii) Labor: the consumer price index reflects the degree 
of improvement or degradation of living quality. 
It directly influences the laborers’ salaries and 
incomes. An upsurge in the CPI correspondingly 
raises the demand of the people. In such cases, the 
State may introduce new policies and mechanisms 
on salary adjustment. This then affects the quotation 
on the construction price indices for labor.

(iii) Construction machinery and equipment: the value of 
construction machinery is calculated based on the 
historical cost, depreciation, repair, fuel, machine 
operators, etc. Its influence on the costs of materials 
and labor tacitly affects its indirect impacts on 
construction machinery prices.

Gross domestic product was evaluated as the second 
most important critical factor affecting the construction 
price index in Vietnam. Gross domestic product measures 
the total monetary value of all goods and services produced 
by a country during a specified period with the use of its 
production elements (El-Adaway, Ali, Abotaleb, & Barber, 
2020; Lalwani & Chakraborty, 2020). Gross domestic 
product gives an overall evaluation of the economic growth 
rate and the development level of a region or country. It is 
the market value of all goods and services produced within 
a given territory (usually a country or region) during a given 
period (Devaraj, Patel, & Hicks, 2020; Mohamed Mustafa, 
2019). 

In Vietnam, gross domestic product is calculated by 
the General Statistics Office (GSO) based on reports of 
economic units and organizations as well as reports from 
provincial and centrally-run cities’ statistical offices. Data on 
gross domestic product at current prices and gross domestic 
product at constant prices can be calculated based on the 
General Statistics Office’s data. In general, the changes in 
gross domestic product would lead to changes in the value 
of raw materials and production materials in construction 
products. Gross domestic product per capita is the metric for 
the income and living standards of the people in a country. It 
reflects the production per capita during a specified period. 
High gross domestic product per capita implies high income 
and living standards for the people in that country, which 
affects the cost of labor and construction price indices.

The basic interest rate was ranked as the third most 
critical factor affecting the construction price index in 
Vietnam. It is the interest rate announced by the State Bank 
(da Silva & Pirtouscheg, 2015). Contractors who require 
funds for production and business, pay keen attention to 
the fluctuation of interest rates, especially as it affects the 

production of construction materials, mining or provision of 
quarries, sand, and construction materials for projects. For 
instance, reliance on loan capital with fluctuating interest 
rates will drive the changes in the value of construction 
products. In some cases, if a bank’s lending interest rates 
increase due to the scarcity of money, the construction 
investment may slow down or contract, and thus, lower the 
construction price index. The correlation between those two 
factors in Vietnam, however, is weakened by the economic 
recession, which typically rolls back the construction 
industry, even when banks make rate adjustments favorable 
to construction enterprises.

Next, the foreign exchange rate is also a major factor 
affecting the construction price index in Vietnam. The 
difference in the conversion between United States dollars 
(USD) and the Vietnamese Dong (VND) at different times 
or the ability to mobilize funds, settle debts, and invest in 
projects involving overseas matters is of substantial concern. 
A rise or fall in the USD rate affects enterprises that use 
United States dollars (Nguyen, Nguyen, Ngo, & Nguyen, 
2019; Qamruzzaman, Karim, & Wei, 2019). In particular, an 
appreciating USD against other currencies has been and will 
greatly impact the VND exchange rate. Then, the domestic 
exchange rates will be under great pressure. 

However, the State Bank of Vietnam is pursuing policies 
to stabilize the foreign exchange markets and exchange rates. 
It will act in line with executive solutions on the interest 
rate, deposit, and so on in the long run. The USD would 
likely appreciate against the VND, which places pressure 
on domestic exchange rates. Some experts recommend that 
the State Bank should reduce administrative curbs in the 
near term so that the VND can catch up with the market 
movements. For the construction sector, it is a common 
practice to translate the domestic currency into USD when 
exporting or importing construction materials (Nguyen & 
Likhitruangsilp, 2017). When the USD appreciates against 
the VND, Vietnam’s enterprises suffer devaluation in 
currency transactions. This affects the cost of inputs and, 
therefore, construction price indices.

Total export and import was ranked as the fifth most 
critical factor affecting the construction price index in 
Vietnam. Total export is the total revenue from the export 
of products, goods, and services nationwide during a fiscal 
year (budget year) (Tu & Giang, 2018). This is an essential 
indicator of economic growth. The movement of total exports 
parallels the construction of infrastructure for production. 
Further, the cash inflow also contributes to and boosts the 
local construction industry. Total import is the total cost for 
the import of products, goods, and services nationwide in a 
fiscal year (budget year) (Gouvêa & Schettini, 2015). The 
reliance of a part of the construction industry on international 
markets is demonstrated by its substantial imports of 
machinery and equipment for construction purposes. 
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Total exports typically relate to whether construction 
materials can be produced by domestic enterprises or not. 
For example, most steel milling factories in Vietnam can 
produce only long-shape steel and common products such 
as round rebar, D10 - D41 deformed rebar, D6 - D10 steel 
rods, or medium and small-sized steel forms for construction 
and processing. Large and long-sized steel (larger than 
D41) and flat steel for big projects are not locally available 
and must be imported. The limited domestic production 
capacity against a high demand prompts a need for steel 
imports. Furthermore, tight control of national borders can 
disturb exports and thus drives the changes in construction 
materials price. It can be concluded that the fluctuation of 
import-export balance will result in the price of materials in 
general and construction materials in particular, thus directly 
impacting on construction price indices.

Total construction investment capital was ranked as the 
sixth critical factor affecting the construction price index in 
Vietnam. This indicator reflects the costs for implementation 
of basic construction investment projects (including new 
procurement of fixed assets, new construction or repair, 
renovation, and expansion or retooling of construction 
engineering) and how the settlement of basic construction 
investment projects progress. In other words, it refers 
to all costs for the achievement of the investment target, 
including the costs for surveys, design and construction, 
procurement, installation of machinery and equipment, 
and other expenses included in the total estimate. If the 
capital for a project is insufficient or not allocated on 
time, the investing enterprise will mobilize or advance a 
fund by itself. For example, a project with a short schedule 
requires 10 units of capital in a year, but the contractor 
can manage only 4 to 5 units. The contractor has to make 
advance payments, which creates floating debts. When a 
floating debt is not repaid quickly, a contract that has been 
accepted will be re-priced in line with the inflation level so 
that the contractor will not suffer damage. This does affect 
the construction cost index.

5. Conclusions 

The construction price index informs us about the 
changes in the costs of industry sectors, which are a result of a 
combination of labor, materials, and equipment cost variables. 
It also helps contractors to identify trends, movements, and 
orientations in the construction market. Furthermore, it serves 
as a tool for determining and adjusting the total investment 
amount, estimating construction costs, adjusting a contract’s 
value, settling contracts, translating investment capital, etc. 
Most construction and engineering investment projects take 
a long time to complete. Therefore, it is essential to explore 
the major factors affecting construction price indices. Upon 
consultation with knowledgeable construction experts, this 

study has pointed out several critical factors that affect 
construction price indices, including basic loan interest rates, 
gross domestic product, consumer price index, exchange 
rates, total exports and imports, Vietnam’s stock index, crude 
oil prices, the geographical location of the construction area, 
etc. The research results show that all of these factors have 
some or little impact on the construction price indices, but 
that the consumer price index is the most crucial factor 
among them.
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