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estimation methods? What are the estimation methods used in each transport mode? What is the trend in application 

of different cost estimation methods? Furthermore, after finding cost estimation methods which have been used 

the most, a deeper comparison among them is also presented. 

2. Methodology 

To address the questions posed in the previous section, a systematic literature review method was used. The 

literature review would reveal the history behind the topic, reflect the attempts that has been taken so far, and 

pinpoint the potential areas for future studies [22]. 

This study employed two scientific databases, namely Scopus and Web of Science (final search performed on 

12.12.2016). The searching procedure considered title, abstract, keywords, concluding remarks, and the content of 

the search results. 

2.1. Data selection process 

This section is divided into three steps: establishing search clusters, topical data screening, and content 

screening: 

I. Search clusters: In order to attain relevant results, the search terms were divided into two clusters: primary 

and secondary. The primary search terms were cost, estimation, and infrastructure; such terms were present in 

every search. The secondary cluster consists of the terms unit cost, parametric, judgment, capacity, America, 

Europe, Asia, Australia; only one of these terms was available in every search. For Web of Science, the 

aforementioned search terms were searched by “title and topic” with cost in the title. For Scopus, the same search 

clusters were used with “TITLE-ABS-KEY” category. 

Moreover, another set of search terms was devised to give the holistic view of cost estimation within specific 

transport modes. To elaborate, the term “cost estimation” was used in combination with secondary terms of tunnel, 

rail, and road in both Scopus and Web of Science. The total number of hits added up to 564 from which 36 passed 

all the filters and were considered relevant. 

II. Topical data screening: The hits were filtered based on their title, abstract and keywords first. If deemed 

irrelevant, such hits were not considered for further investigation. 

III. Content screening: As for the final step, the whole document was obtained and examined to see if the 

content was relevant. Any search result which passes this step is included in the study. Needless to say, non-

academic publications such as meeting results, news, book reviews are not considered for this study. 

 

 

3. Results and discussion 

By going through the content of every selected hit from methodology, the results were categorised into 13 

different thematic categories based on the approaches they had taken regarding cost estimation methods. 

3.1. What are the cost estimation methods used in transport infrastructure? 

By investigating each method’s frequency, we can see which method has been used most in the literature and 

Primary 
Cluster +

"Unit cost" 10 hits 4 included

Parametric 29 hits 2 included

Judgment 14 hits 4 included

Capacity 138 hits 2 included

America 31 hit 0 included

Europe 48 hits 2 included

Asia 21 hits 1 included

Australia 21 hit 0 included

Cost 
estimation +

Tunnel 68 hits 9 included

Road 146 hits 10 included

Rail 38 hits 2 included

Figure 1. Combination of search terms in both Scopus and Web of Science 
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which method has been overlooked. Figure  shows the methods’ frequency in the relevant literature: 

 

It is clear that some methods have been used more than the others throughout the literature. As seen in Figure 
, parametric method has the highest frequency among the articles, which is in accordance with what [23] has 

claimed. In this context, parametric methods are defined as those using regression analysis on historical data in 

order to predict the costs. ANNs and Unit cost are the next two most-used methods; their properties, which are 

going to be explained in section 3.5, may play an important role here. Here, ANNs are models comprised of three 

layers: input, hidden and output; the model imitates the function of human brain by learning from previous 

experiences. Unit cost method is defined as an approach in which the volume of the work is calculated and then 

multiplied by the unit cost of the work.  

Figure  shows that much emphasis has been put on the aforementioned three methods and other methods have 

not been receiving the same amount of attention. Especially BIM, Fuzzy Expert System, and SEMs have the 

potential be investigated more. BIM is a digital depiction of physical and functional aspects of a facility by 

establishing a common knowledge platform [24]. In this regard, the Government Construction Strategy in UK has 

selected a 3D collaborative BIM as a must to win public projects above £ 5 million [25]. Therefore, this study 

believes that there is a lot of potential in BIM and the industry would use this method increasingly in the upcoming 

years. As a result, more studies in the BIM area is needed. Regarding other methods, Fuzzy Expert System utilizes 

the fuzzy logic concept which deals with approximate description of events [26]. Finally, SEM is a model which 

encompasses factor analysis, Multiple Regression Analysis (MRA) and path analysis [17]. The reason behind this 

lack of research could be due to the fact that the aforementioned approaches are relatively new and it takes some 

time for majority of the researchers to get acquainted with them. In the next section, we are going to explain 

different properties that have differentiated the cost estimation methods. 

3.2. Why are there different cost estimation methods? 

In order to explain why there are different methods, [27] has put forward an explanation. According to the 
study, a desirable method is a “good” and “simple” method. A good method means that it is accurate, transparent, 
objective etc. Similarly, a simple method means that it is easily understood, quick, inexpensive, practical etc. This 
creates a paradox between a good method and a simple method’s characteristics. In other words, a precise cost 
estimation method may not be understandable by decision makers or may need expensive data collection 
procedures. In this context, variations of the methods could be interpreted as different attempts at achieving a 
method with acceptable characteristics. After investigating the literature, three main attributes were found which 
made a method more/less attractive in the eyes of the researchers: 

I. Accuracy: Accuracy has been mentioned in different papers as either a strength or a weakness of an 

approach. Accuracy here is defined as the degree to which the actual costs are conforming to the estimated costs 

[28]. To elaborate, deterministic methods, such as unit pricing, has led to considerable cost underestimation or 

they lack in reflecting the risk associated with some infrastructure projects [15, 18]. Regarding ANNs, some 

studies have stated that they outperform regression models and CBR method when it comes to the accuracy [11, 

17, 29, 30].  Only one study was found which compared SEM with ANN models and indicated the former’s 

superiority [17]. However, one study may not be sufficient to prove this statement and more work should be 

done in this regard. 

II. Usability/application: Another issue concerning the cost estimation methods is their usability; how easy 

they are to use? What are their weaknesses when it comes to application? To elaborate, with respect to deterministic 

Figure 2. Cost estimation methods’ frequency 
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methods, they are unable to cope with large amounts of data. Furthermore, deterministic methods become 

complicated if uncertainty is to be included in them [15]. On the other hand, it easy to calculate deterministic 

methods; the result is definite and they are cost effective [2]. In addition, analogues method is relatively cheap and 

quick or capacity-factored is a fast method to determine if a project should move to next phase [18]. Probabilistic 

methods on the other hand, need advanced users and data with enough quality and quantity [31]. 

Literature also pointed out issues which restrict other methods’ usability. For instance, methods which are 

very dependent upon historical data are not suitable for the large projects because there are limited number of 

them [32]. Regarding the sensitivity analysis, the disadvantages are specifying the degree of variation 

subjectively and lack of probability estimation for costs being higher or lower [16]. 

III. Easiness to understand: Since cost estimation is used in decision making process, it should be 

understandable by someone other than the estimator. In this regard, estimators would rather use regression models 

than analytical tools such as neural networks due to the fact that the regression models are completely established 

and easy to describe and understand [17, 29, 33]. On the other hand, neural networks are “like black box” and have 

an opaque quality which makes it difficult to explain the final outcomes [11, 33, 34]. The literature indicated 

several methods popular in this area, among which are CBR, analogous, and SEM [11, 17, 18]. 

3.3. What are cost estimation methods used in each transport mode? 

In this section, methods found in the literature were categorized based on the transport mode they were applied 

to. The result is illustrated in Figure 3. 

Figure 3. depicts the methods used in each transport infrastructure. The mixed category is comprised of studies 

on transport infrastructure in general or studies on a mixture of other categories. Based on the figure, it is clear 

that the road sector has been receiving much more attention comparing with other sectors. It may be because of 

the fact that road projects usually surpass other transport projects in terms of investment [35]. ANNs and 

parametric methods have been applied to almost all of the infrastructures which shows the wide application range 

of this method. Therefore, it seems that the opaque quality of ANNs, explained in the previous section, is not 

considered a deal breaker for researchers. Monte Carlo simulation and software programs were observed in two 

infrastructure categories. Therefore, future studies could focus on using these methods in other areas. In addition, 

only one paper was found discussing cost estimation in airport. The reason for the low number of papers on airport 

may be the scarcity of airport construction comparing with other sorts of transport infrastructure. Nevertheless, the 

airport field seems like an unexploited area. 

3.4. What is the trend in different application of cost estimation methods? 

Showing the trend and the changes of cost estimation methods over time would help us see the past, present 
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and predict the future of this issue. Figure  depicts the distribution of the methods found in the literature per year 

plus the number of the unique methods. Furthermore, Figure  illustrates the general trend, which indicates that 

researches are using more methods both in terms of diversity and frequency. The reason could be more and more 

researchers are getting to know newer methods. For instance, a method such as ANNs is not observed before 2009 

but after, it is almost observed each year. On the other hand, it came as a surprise when no relevant article was 

found for the year 2003 and 2005 or for sea transport infrastructure. However, we do not have valid justification 

for this issue. 

3.5. Top three methods’ comparison 

Based on Figure , the top three methods were selected for further comparison. Since the methods’ definitions 

have already been presented in section 3.2, here their characteristics are discussed. In terms of accuracy, it seems 

that there is no general consent about parametric method and ANN’s performance. In other words, these two 

methods’ accuracies had varied based on case-by-case basis. Regarding unit cost method, apparently its accuracy 

is not reliable [18]. For instance, its widespread use in Korea had led to large cost deviations [8]. 

With respect to applicability, using parametric method is claimed to be very common in the feasibility and pre-

feasibility phases because of the powerful mathematical aspect, simplicity in application and easiness in obtaining 

the information needed [36]. For example, in MRA, as an approach used in parametric method, there is the ability 

to include statistical significance of individual variables and possible mathematical correlations between the 

variables [20, 23, 33]. However, using MRA for when variables’ relationships are nonlinear has been argued [37]. 

Regarding ANNs, it takes non-parametric regression estimates which allows analysis of complex cases that need 

examining a lot of parameters in parallel [17]. Another advantage of ANNs compared with parametric method is 

that there is no need for a specific statistical distribution for input data and the relationships between the variables 

affecting the costs and costs do not need to be previously identified [33]. Therefore, it could be construed that 

when relationship between variables are nonlinear ANNs could be good substitutes for linear regression method 

or MRA. Moreover, ANNs have the ability to handle noisy, inaccurate or corrupted data very well [38]. However, 

it is difficult and time-consuming to construct ANNs models on the grounds that it requires trial and error process. 

Moreover, it appears that ANNs require a large pool of data in order to be dependable. Regarding unit cost, it 

seems this method is applied mostly in combination with other methods for example parametric model. In addition, 

unit cost is a deterministic method so it is easy to calculate but it is advised to use it with caution when the 

uncertainty is high and a precise figure is needed at the same time.  

With respect to easiness to understand, apparently unit cost, on its own, is the simplest method which produces 

a definite result. Concerning, it appears that parametric models are easier to understand because of their strong 

mathematical basis whereas ANNs are difficult to explain and describe. The higher frequency of parametric 

methods could be due to the same reason. 

Figure 4. Cost estimation methods’ application over time 
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4. Conclusion 

The purpose of this research was to investigate cost estimation methods in transport infrastructure. A 

systematic literature search found most of the search results by creating search clusters, and step-by-step data 

filtering. The papers found showed 12 different cost estimation methods have been used in different transport 

infrastructure modes. Accuracy, usability/application, and easiness to understand were three properties that was 

derived from the literature; the methods had differences with respect to these properties. Among the methods, 

parametric method has been used the most followed by Artificial Neural Networks. With respect to infrastructure 

type, the focus was mostly on roads. Finally, the trend shows that research on cost estimation methods have been 

increasing over the years and more types of methods are being used. Moreover, most of the research found 

focused on the experimental use of different methods and not the analysis of the methods practiced in the 

industry. Future research could focus on the geographic differences between cost estimation practices, main 

elements affecting the quality of cost estimation, and cost management practices and its relationship to cost 

estimation in the transport infrastructure construction. 
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