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Abstract 

Uncertainties in technology and budgets in dynamic industries such as construction leads the 

participants in an ambiguity in regards to assessing the success of the project. The construction 

community attempt to develop a comprehensive framework providing a solution to assess the 

succession where many believe that completion of the project on time and under budget are not the 

only main criteria to evaluate whether a project was achieved satisfactory results. In this context, this 

paper seeks to present a recent compatible set of key performance indicators (KPI) based on the 

current existing technologies available to contractors and builders. The effect of social practices 

worldwide including socialism and capitalism on wealth generation had been discussed and the 

labours’ productivity in each type of societies had been assessed based on the data collected from the 

questionnaires. Analytical Hierarchy Process was conducted to prioritise the KPIs in each societal 

context.  
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Introduction 
It is usually assumed that the construction productivity is equivalent to labors’ productivity, however, 

in the modern complex construction practices the criteria in which the productivity must be assessed 
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against with, should demonstrate the broader term of this particular industry when it’s compared to 

labors’ productivity. These are project schedule, constructability, quality of design, completion date, 

project budget, equipment design, materials quality, legal and regulatory structures, training and 

educational programs. It has been stated in many articles published that the construction productivity 

is declining in the past decades. Physical capital, educational attainment and most importantly the 

social infrastructure/school in which the project is based on, geographically and management wise, 

are the contributing factors determined to be the reasons-why. This study investigates the effect of 

socialism and capitalism as the two major dominant school of thoughts on the construction 

productivity level. From the perspective of project management as a whole, productivity can be 

measured by the level of innovation in an industry i.e. the more innovative practices exist in an 

industry; the more productivity it attains. Another stiffening fact that shows the low productivity level 

in the construction sector is the total capital expenditure in construction R&D. Number of patent 

grants is a viable measure to understand the level of expenditure on and thus appreciation of 

innovation in a country. An efficient risk management is another indicator to identify the productivity 

of the construction industry. Due to the complex nature of construction activities caused by the large 

number of uncertainties exist in the projects, the associated risk with the succession is relatively high 

compared to other industries[1-6].   

  

Productivity is widely accepted to be defined as the fraction of output to input. The challenge usually 

is the authentication of outputs as the inputs are often have a higher certainty level as opposed to 

outputs where the effects appear later in the future operation stage of the projects. However, more 

comprehensive analysis takes into account the completion time, human resources satisfaction rate, 

the rate of return of the project, environmental impacts, and etc.  

Participants’ way of thinking in evaluating the origins of wealth may vary based on the society they 

live in. For instance, in middle-east where the socialism is the acceptable driving factor of economy 

and politics, individuals’ profit gained by the completion of the project is not appreciated as it is in 

capitalism. However, capitalist does not see a project viable unless it yields financial profit. From that, 

construction managers are ought to understand the society in which the construction is located and 

the ethnicity of the labours for compensation matters. The labours remuneration does perhaps have 

a direct relation with the productivity of labours as it increases.  

Socialism as the dominant driving factor in the valuation of wealth in Middle-east appreciates factors 

such as philanthropy, public interest, self-devotion. On definition, socialism is a populist economic and 

political system based on public ownership of means of production. Machinery, tools, and factories 

used to produce goods aim to directly satisfy human needs in this economic way of thinking. It is 
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believed in socialism context that shared ownership of resources and central planning provide a more 

equal distribution of goods and services. Socialist ideals include production for use rather than for 

profit. An equitable distribution of wealth and material resources among all people basically leads to 

the elimination of completion in the market and encourages the free access to goods and services.  

Capitalism, on the other side, is an economic system where the goods and services are owned by the 

private sectors. The market follows the law of supply and demand which leads to empowering of 

competitiveness. The high end of capitalism provides free market in which private individuals are 

completely unrestrained in determining where to invest and operating without checks or controls. The 

goal of capitalist is to increase profit. It is known that a company must embrace innovation by 

introducing new efficient goods and services providing higher value proposition throughout its life in 

order to remains competent in the market and earn profit [7, 8].   

For the purpose of this study, 4 criteria were selected known as innovation, automation. 

Environmental impacts, shareholders’ satisfaction to be compared in the socialist and capitalist point 

of view.  

 

Methodology 

The four criteria (A.K.A. Key Performance Indicators) selected for this study known as innovation, 

automation, environmental impacts, and shareholders’ satisfaction are firstly defined with more focus 

on innovation. Analytical Hierarchy Process (AHP) then had been described which is going to be used 

for prioritizing the importance of each of the four factors in capitalism and socialism. A short online 

survey including 7 questions had been conducted to collect the opinions of construction industry 

participants in the field of this study. Next, AHP had been run on the survey results collected. An 

analysis of the AHP model is then being provided in the Results and Discussion section.       

 

Innovation 
As stated by Hardie and Newell [9], “Creativity only flourishes in an atmosphere of openness and 

overly cautious risk aversion can stifle the potential of innovative suggestions”. In this study in order 

to quantify the level of productivity in socialist and capitalist economies, the level of innovation in 

countries ruled by socialists had been compared to those ruled by capitalist school of thought. Data 

were collected from the World Intellectual Property Organization (WIPO) since 2000 until 2017 based 

on the total counts applicant’s origin and taking the indicator as to be the number of patent grants by 

technology. Australia, United Kingdom and Canada were selected as the examples of economies run 
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by capitalist theories. The top two countries run based on the socialist school of thinking are China 

and Russia, however, since the population of these two countries together adds up to more than 1.4 

billion people more than the sum of population of UK, Australia and Canada the output data would 

become incomparable. In fact, the mathematical possibility of patent registration grows by higher 

population as there would be more chance of people becoming interested in innovation. Based on 

this, Iran, Iraq and Afghanistan had been selected as the examples of socialist economies in this study. 

This concludes the sum of population capitalist sample as 127.6 million people and socialist countries 

to 122.74 million. The field of technologies in which the analysis is conducted on are materials and 

metallurgy, environmental technologies and civil engineering.    

 

 

 

Figure 1 Number of patent grants 

 

Figure 1 shows the difference in the rate of innovation in capitalism and socialism. Iran and Portugal 

are ranked drastically below the UK and Australia. Taken the level of innovation as an indicator of 

productivity, it can be stated that the construction productivity in a sample of 90 million people in 

socialist economies are low compared to capitalist economy. The steady state of growth in innovation 

in Australia compared to UK is another remarkable information obtained from figure 1. This happens 

while the population growth in Australia is recorded as 22.1% since 2000 from 19.15 million people to 

24.6 million people. Positive growth in population and the steady state of innovation shows a weak 

point in initiating the R&D incentives in the Australian construction industry.  
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Table 1 Population demographic in socialist economies 

Socialist economies selected 

 Population as per 

2018 

Population as per 

2000 

Growth rate 

Iran 81.16 66.13 18.5% 

Lebanon 6.08 3.72 38.8% 

Afghanistan 35.5 25.94 26.9% 

Total 122.74 95.79 21.95% 

 

Table 2 Population demographics in capitalist economies 

Capitalist economies selected 

 Population as per 

2018 

Population as per 

2000 

Growth rate 

Australia 24.6 19.15 22.1% 

Canada 37.06 30.69 17.2% 

UK 66 58.89 10.7% 

Total 127.6 108.73 14.8% 

 

From the data provided in tables 1 and 2 and taking the direct positive correlation of population 

growth with economic growth [10, 11] into account, it was anticipated that innovation should be 

promoted in a higher scale in countries with higher a population rate of growth. Although middle-

eastern countries show a considerably higher rate of growth in population, the number of patent 

grants is drastically lower compared to capitalist economies. This strengthens the hypothesis of the 

negative effect of socialism way of thinking on the level of productivity in middle-east as compared to 

western countries.  

Perhaps, the risk associated with the success of an innovative idea is much higher than implementing 

old-fashioned technologies. This can be one of the main factors that managers in socialist economies 

tend to avoid accelerating the innovative ideas and technologies. At the same time in capitalist 

economy, the cash flow rate and/or the high liquidity of a company is seen as a positive sign and shows 

the dynamic behaviour of the company where investors appreciate. The appreciation of dynamic cash 

flow structure of companies in capitalism indicates the acceptance of high risk associated in these 

economies which opens space for innovation and thus a higher productivity rate.    
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Also briefly, just to indicate the importance of Public-Private Partnership in the success of inventions, 

a study conducted by Rothwell and Zegveld in 1981 conclude that the number of innovative 

approaches and technologies achieved by public procurement contracts without direct R&D subsidises 

are larger than the R&D subsidies[12]. Public private partnership (PP are long-term agreements 

between public and private entities that foster objectives of a construction project.  

 

Automation 
Automation on the other hand, enhances the accuracy of the tasks being done as well as the speed in 

which the project forwards. Autonomous construction machineries are safer in terms of workers’ 

health condition as there would be less human interaction in case robotics being implemented in 

construction projects. Although construction industry suffers from its high labour intensity, the 

emergence of self-driving cars equipped with artificial intelligence can be a promising approach 

towards a safer and more productive practices. Perhaps, Building Information Management (BIM)In 

systems had up-scaled significantly in the context of software development, still, the integration of 

BIM with construction machineries remains almost unattended. It is anticipated that up to 2.7 million 

US construction workers compromising almost half of the total workforce in the same sector would 

be replaced by robots by 2057. If true, sever social consequences arrive such as high unemployment 

rate, economic depression, increase in homelessness, etc. In fact, the driven factor for such 

consequences of automation returns to the idea that the business owners welcome labour cost 

savings for the promise of higher productivity, which is one of the basic rules in capitalism [13-16].   

A comparison between the construction and the automobile industries shown in figure 2 conducted 

in 2008 in Europe reveals the growing level of productivity in automobile industry as oppose to the 

construction where the productivity level keeps constant if not declining [17]. 

 

Figure 2 Productivity level in construction compared to automobile industry 
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It was explained that this productivity gap is due to the differences in the utilization of Computer 

Integrated Manufacturing (CIM) in both industries[17]. Some of the key advancements in the 

automation of construction machineries are GPS-based tracking, sensor-based navigation either by 

the method of laser detection, or video analysis technologies, internet of things (IoT) which is a 

protocol of machine-to-machine communication to increase connection of devices and objects over 

the internet.    

 

Environmental impacts 
It’s been stated that the productivity level increases when motivation for accomplishing the tasks 

would be high. The motivation, in fact, derives from the perception of wealth in the society. Baker et 

al. [18] defines project success as: “If the project meets the technical performance specifications 

and/or mission to be performed and if there is a high level of satisfaction concerning the project 

outcome among key people in the parent organization, key people in the client organization, key 

people in the project team and key users or clients of the project effort, the project is considered an 

overall success”.  As an example of a wealth perception, the recycling incentives in Australia is highly 

valued with a high 60% recycling rate of the total of 64 million tons of waste produced in 2014-2015. 

The quantity of material recycled in Australia increased significantly. - Recycling increased by 30% over 

the period from 27 to 35 Mt or 1.4% per capita per year. Waste policies and programs have been 

established at all levels of Australian governments— Commonwealth, state, territory and local. Policy 

and legislative responsibility for waste rests with the states and territories, and policy at this level has 

the greatest influence on waste management [19]. Many other similar examples exist across the 

countries that are appreciating the environmental restoration as well. While environmental 

conservation is becoming one of the attractive topics since last decades one of the most important 

world-wide ecological objectives is the reduction of CO2 emission. Indirectly, the construction industry 

is one of the principle sources of these emissions. Consider the enormous furnaces used in steel 

manufacture, cement factories, ceramics industry, or transport. These all include processes which 

invest energy in the production of construction materials. It has been calculated that in order to 

produce a ton of concrete 4GJ of energy is required [20]. 

 

Shareholders’ satisfaction 
Shareholders by dentition refers to the group of participant in a project that without their support the 

organization would cease to exist[21]. Redefining the customers in the complex environment of 
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construction sector, builders, contractors, residents, educators are forming a few of the roles exist in 

this ecology. In the capitalist school of thought, as the market operates in an open competition 

environment, the businesses, and in this case construction sector, must enhance the service quality in 

order to achieve a higher customer satisfaction. Customer satisfaction, indeed, ensures the survival of 

sectors in a competitive environment[22]. On the other side where socialism rules, as the 

management is often centralized (similar to the idea of monopoly vs. oligopoly)c, the managers and 

decision makers must ensure the satisfaction of participants in order to ease the living of the 

customers.  

 

Analytic Hierarchy Process  

For ranking the importance of each criterion defined above, analytic hierarchy process was chosen as 

the method for this study. Due to high complexity of construction projects, prioritizing the effect of 

productivity benchmarks becomes one of the challenges facing managers. The Analytic Hierarchy 

Process (AHP) is method for relative measurement of intangible criteria. The scale of priorities in this 

method is a result of pairwise comparison. AHP, in other words, is a tool for multiple criteria decision-

making. In order to proceed with this method, a set of criteria must be firstly outlined those that affect 

the productivity level in construction. From the literature these criteria are taken as innovation, 

automation, environmental impact, and shareholders’ satisfaction. The result of pairwise matrix is 

usually denoted in a matrix as below: 

Pairwise comparison matrix =  (

𝑤1/𝑤1 𝑤1/𝑤2 𝑤1/𝑤3 𝑤1/𝑤3
𝑤2/𝑤1 𝑤2/𝑤2 𝑤2/𝑤3 𝑤2/𝑤4
𝑤3/𝑤1 𝑤3/𝑤2 𝑤3/𝑤3 𝑤3/𝑤4
𝑤4/𝑤1 𝑤4/𝑤2 𝑤4/𝑤3 𝑤4/𝑤4

) 

Where the diagonal arrays are always equal 1. The pairwise comparison matrix is then normalized in 

order to create a unified weighted score sheet that can ease the prioritizing. The number of 

comparisons to be made can be derived from the famous equation 
𝑛2−𝑛

2
 [23-26]. Consistency ratio is 

a measure to evaluate the level of accuracy of the inputs given by the survey participants. Simply 

explaining, this ratio indicates to what degree of randomness the survey had been completed. The 

procedure in checking the consistency of the inputs are as followed: 

1. Determination of a weight sums vector, Ws  

{Ws}=[C]{W} 

2. Finding the consistency vector 



 

9 
 

A.Todhunter et al. / Journal of Construction Materials 1 (2019) 1-2 

{Ws} = [C]{W} 

Dot product {Consis}={Ws}.{
1

𝑊
} 

3. Determining the average of the elements of {Consis} called λ also known as eigenvalue 

4. Determining the consistency index, CI 

CI = 
(𝜆−𝑛)

(𝑛−1)
 

 Where n is the number of criteria 

If CI results 0.00 (in the perfect world), the pairwise comparison would be perfectly consistent.  

5. Searching for Random Index, RI in the table below based on the number of criteria given by 

Saaty in 1987 [27]: 

 

Table 3 Derivation of random index  

n 1 2 3 4 5 6 7 8 9 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 

 

 

6. Calculating the Consistency Ratio, CR 

CR = 
𝐶𝐼

𝑅𝐼
 

If CR < 0.1, the rankings are consistent 

If CR ≥ 0.1, the comparisons should be recalculated 

 

  

AHP allows some small inconsistency in judgement. Inputs are subjective opinions and outputs are 

ratio scales and consistency index. Briefly explained the steps involved with AHP method are as 

followed: 

1. Define objective 

2. Structure elements in criteria, sub-criteria, alternatives etc. 

3. Make a pairwise comparison of elements in each group 
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4. Calculate weighting and consistency ration 

5. Evaluate alternatives in accordance with weightings 

[23-25, 28] 

Results and discussion 

In this study, an online survey had been spread amongst the construction professionals all involved in 

higher degree education sector with outstanding professional and practical background in the industry 

across the globe. Countries received the survey are Australia, Iran, Canada, India, US, and China. 49 

survey delivered and 24 returned with response. The first question was designed to filter the socialist 

and capitalist school of thoughts. From that, 9 were classified as socialist and 15 were classified as 

capitalist indicating that the majority of the selected sample value the financial gain more than social 

benefits. Analytic Hierarchy Process had been run on the data received based on the objective, criteria, 

and models outlined in figure 3.  
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Which one do you usually set as an objective in projects? 

 Social welfare 

 Financial profit 

As a measure to the productivity of a project, "Innovation" is more important than "Automation" by a 
factor of: 

1/5 1/3 1 3 5 
As a measure to the productivity of a project, "Innovation" is more important than "Environmental 
impacts" by a factor of: 

1/5 1/3 1 3 5 
As a measure to the productivity of a project, "Innovation" is more important than "Shareholders' 
satisfaction" by a factor of: 

1/5 1/3 1 3 5 
As a measure to the productivity of a project, "Automation" is more important than "Environmental 
impacts" by a factor of: 

1/5 1/3 1 3 5 
As a measure to the productivity of a project, "Automation" is more important than "Shareholders' 
satisfaction" by a factor of: 

1/5 1/3 1 3 5 
As a measure to the productivity of a project, "Environmental impacts" is more important than 
"Shareholders' satisfaction" by a factor of: 

1/5 1/3 1 3 5 
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Figure 3 Structure of AHP model to identify the level of productivity in Capitalism vs. Socialism 

 

The average of the scores received from the surveys were calculated. Two comparison matrices 

indicating the socialist point of view on one flip and the capitalist point of view on the other were 

formed as followed: 

 

𝑆𝑜𝑐𝑙𝑎𝑖𝑠𝑖𝑡 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 =  [

1 1.132 0.613 1.666
0.883 1 1.058 1.799
1.630 0.945 1 1.873
0.600 0.556 0.534 1

] 

               4.114      3.633     3.205     6.338           

 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑡 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 =  [

1 2.085 0.923 1.408
0.480 1 0.818 1.094
1.084 1.223 1 2.456
0.710 0.914 0.407 1

] 

                3.274     5.222      3.148      5.958 

 

Normalized comparison matrices were resulted from the division of each array by the sum of each 

column.   

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑠𝑜𝑐𝑙𝑎𝑖𝑠𝑖𝑡 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 =  [

0.243 0.312 0.191 0.263
0.215 0.275 0.330 0.284
0.396 0.260 0.312 0.296
0.146 0.153 0.167 0.158

] 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑡 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 =  [

0.305 0.399 0.293 0.236
0.147 0.191 0.260 0.184
0.331 0.234 0.318 0.412
0.217 0.175 0.129 0.168

] 

 

The weighted score of 4 predefined criteria known as innovation, automation, environmental impacts 

and shareholders’ satisfaction based on the socialist or capitalist point of view are listed below: 
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Table 4 Weighted results AHP model on surveys received 

 Socialist Capitalist 

Innovation 25.2% 30.9% 

Automation 27.6% 19.5% 

Environmental impacts 31.6% 32.4% 

Shareholders’ satisfaction 15.6% 17.2% 

 

 

The results of AHP analysis shown in table 4 proves that the rate of innovation in capitalism is 

considerably higher than countries ruled by socialism way of thinking. This is also match the findings 

from the WIPO charts in regards to the number of patent grants showed in figure 1. Among all, the 

environmental impact of construction projects was nominated as the highest ranked criteria to 

evaluate the productivity of the projects. Another significant finding was the higher score of 

automation in socialism compared to capitalism. This can be due to the fact that since construction 

participants lack in motivation to accomplish tasks more efficiently (mainly because of the overly 

cautious risk aversion), the tendency to automation is much higher. In other words, the participants 

wish the tasks being accomplished automatically with less effort.  
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Conclusion 

Based on the data obtained and analysed, for middle-eastern countries in order to yield a higher 

productivity rate, governments must provide incentives for private sectors to compete in such a way 
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that innovation being appreciated more. This is due to the roughly 5.7% lower weighted results of AHP 

model for measuring the innovation incentives based on the data collected. On the other side of the 

flip where the productivity in capitalist perspective is being assessed, authorities must provide more 

incentives and motivation for industry and academia by investing in R&D projects those are aiming to 

develop automated machines for construction purposes. This is due to 8.1% lower weighted results of 

AHP model for automation incentives based on the data collected. Both environmental considerations 

and shareholder’s satisfaction are highly appreciated in both school of thoughts.  
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Figure 1 Number of patent grants 

Figure 2 Productivity level in construction compared to automobile industry 

Figure 3 Structure of AHP model to identify the level of productivity in capitalism vs. socialism 

 

 


