
 

  

 

Aalborg Universitet

Ranking and comparing key factors causing time-overruns in on-site construction

Lindhard, Søren Munch; Neve, Hasse Højgaard; Kalsaas, Bo Terje; Møller, Dan Eggert;
Wandahl, Søren
Published in:
The International Journal of construction management

DOI (link to publication from Publisher):
10.1080/15623599.2020.1820659

Creative Commons License
CC BY-NC 4.0

Publication date:
2022

Document Version
Accepted author manuscript, peer reviewed version

Link to publication from Aalborg University

Citation for published version (APA):
Lindhard, S. M., Neve, H. H., Kalsaas, B. T., Møller, D. E., & Wandahl, S. (2022). Ranking and comparing key
factors causing time-overruns in on-site construction. The International Journal of construction management,
22(14), 2724-2730. Article TJCM1820659. https://doi.org/10.1080/15623599.2020.1820659

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -
Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: May 13, 2024

https://doi.org/10.1080/15623599.2020.1820659
https://vbn.aau.dk/en/publications/8650dbfa-5ebd-4860-a77f-b492bdafb418
https://doi.org/10.1080/15623599.2020.1820659


This is a pre-published version 

 

Lindhard, S.M., Neve, H., Kalsaas, B.T., Møller, D.E. & Wandahl, S. (2020): Ranking and comparing 

key factors causing time-overruns in on-site construction, International Journal of Construction 

Management, https://doi.org/10.1080/15623599.2020.1820659 

 

Ranking and comparing key factors causing time-overruns in on-site 

construction  

 

 

Abstract 

For years, the construction industry has looked for ways to avoid time-overruns in construction. Despite 

previous research mapping the factors affecting time performance, site-managers have difficulties in 

reducing the time-overrun. In order to create a clearer guidance on how to control time-performance, this 

study investigates the resource related factors because they are within the site-manager’s control. Three 

Case studies were followed and a survey including 36 participants where conducted. Both investigated 

and ranked the likelihood of delay due to the seven different resource factors. The ranking of the resource 

factors was identified as: 1) Construction design, 2) Connecting works, 3) External conditions, 4) Work 

force, 5) Components and materials, 6) Space, 7) Equipment and machinery. The site-manager’s focus 

should be avoiding the factors that most often is found to cause time-overrun, which are construction 

design and connecting work that constitute about 60% of the time-overruns. The comparison of the 

studies revealed that construction professionals were unable to distinguish between the less and the low 

frequent factors causing time-overrun. Future survey studies should take into consideration that 

construction professionals’ preserved reality does not always correspond to the observed reality. 

Indicators include low variation between factors and limited use of the scale. 

 

Keywords:  
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Introduction 

In construction, traditional on-site production has not experienced any significant 

performance improvement compared to the manufacturing industry, nor compared to 

the increasing offsite construction production (Winch 1998; Höök and Stehn 2008; 

Fernández-Solís 2009). This, despite a continuously enhanced focus on improving the 

productivity by management as well as by technology. Several work samplings studies 

have shown that a significant part of the production time is non-value adding (Horman 

and Kenley 2005, Kalsaas 2016, Neve and Wandahl 2018, Neve et. al. 2020).  

 

Among other things, low productivity in construction is caused by the complexity of 

production in construction inherited from the production characteristics (Ballard and 
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Howell 1995; Bertelsen 2003; Bertelsen and Koskela 2004). Here, the production 

process is managed by a temporary organization comprised of competing contractors 

with highly interdependent and overlapping activities, which must be conducted with 

strict space constraints. Additionally, change orders occur during construction, where 

the project design or the scope of the project might fluctuate from original planned 

(Hanif et al. 2016). The result is an uncertain and unpredictable process full of pitfalls 

and risks, which needs to be competently managed (El-Sayegh and Mansour 2015; 

Shayan et al. 2019). Uncertainty is related to complexity and creates variation in the 

production system, which decreases productivity (Tommelein et al. 1999; Lindhard and 

Wandahl 2014a; Lindhard et al. 2019). The productivity decrease is induced by 

increased (Neve et al. 2020) waste , which surfaces as an extended use of working hours 

in the completion process and leads to delay (Koskela 2004; Rooke et al. 2007). 

Therefore, variations are critical and must be avoided in an attempt to reduce time-

overrun in construction projects (Hopp and Spearman 2000; Jang and Kim 2008; 

Brodetskaia et al. 2011). 

  

1.1 Background 

Wasted capacity and low productivity make construction projects hard to schedule and 

cause delays and time-overruns (Johnson and Babu 2018; Abou-Ibrahim et al. 2019). 

Several studies have investigated time performance. For instance, Love et al. (2005) 

who, by investigating the time performance at 161 Australian construction projects, 

found the average time-overrun to be 20.7%. Singh (2010) studied the time-

performance at 894 construction projects in India, and found that 82.3% of all projects 

were delayed with an average delay of 79.3%. Moreover, McKinsey investigated 63 

megaprojects and found that the average time-overrun was 20 months (Changail et al. 

2015). Finally, Singh (2010) found that time-overrun is an explanatory variable for cost-

overrun. 

 

The time studies clearly indicate that on-site production has issues regarding time-

performance. Murphy et al. (1974) found a direct relation between the consensus of the 

success criteria and the project success. In order to improve this, several researchers 

have looked into the identification of critical success factors (e.g. Rachid et al. 2018; 
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Sanni-Anibire et al. 2020). Many studies have a general focus on securing project 

success and, therefore, investigate factors affecting time, cost, and quality (Johansen 

and Wilson 2006). Few studies attempt to correlate different delay factors (Mahdi and 

Soliman 2018; Shrivas and Singla 2020). A list of identified critical success factors 

affecting time performance are shown in Table 1.  

 

Table 1. Summary of the identified top five success factors on time performance 

Reference How examined Number of 

respondents/cases 
Factors 

(Arditi et al. 1985)  Questionnaire 78 (1) Shortages of resources; (2) 

Financial difficulties; (3) 

Organizational deficiencies; (4) 

Shortage of labour; (5) Extra 

work. 
(Sullivan and 

Harris 1986) 
Questionnaire 20 (1) Waiting for information from 

the client; (2) Change orders; (3) 

Ground problems; (4) Bad 

weather; (5) Design complexity. 
(Chan and 

Kumaraswamy 

1997)  

Questionnaire 148 1) Poor site management and 

supervision; 2) Unforeseen ground 

conditions; 3) Low speed of 

decision making involving all 

project teams; 4) Client-initiated 

variations; 5) Necessary variations 

of works. 
(Mezher and Tawil 

1998)  
Questionnaire 
/Interview 

36 1) Contractual relationships; 2) 

Project management; 3) 
Financing; 4) Changes; 5) 

Government relations.  
(Al-Khalil and Al-

Ghafly 1999) 
Questionnaire 35 (1) Contractors financial 

problems; (2) Difficulties in 

obtaining work permits; (3) 

Requirement of selecting lowest 

bidder; (4) Delay in progress 

payments; (5) Effects of 

subsurface. 
(Frimpong et al. 

2003) 
Questionnaire 72 (1) Monthly payment difficulties; 

(2) Poor contract management; (3) 

Material procurement; (4) 

Inflation; (5) Contractor’s 

financial difficulties. 
(Koushki et 

al.2005) 
Structured 

Interview 
450 (1) Change orders; (2) Financial 

constraints; (3) Owner’s lack of 

experience; (4) Materials; (5) 

Weather. 
(Lo et al.  2006) Questionnaire 158 (1) Inadequate resources due to 

lack of capital; (2) Unforeseen 

ground conditions; (3) 

Exceptionally low bids; (4) 

Inexperienced contractor; (5) 

Work in conflict with existing 
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utilities. 

(Faridi and El-

Sayegh 2006) 
Questionnaire 105 (1) Preparation and approval of 

drawings; (2) Inadequate early 

planning of the project; (3) 

Slowness of the owner’s decision-

making process; (4) Shortage of 

manpower; (5) Poor supervision 

and poor site management. 
(Le-Hoai et al. 

2008) 
Questionnaire 87 (1) Poor site management and 

supervision; (2) Poor project 

management assistance; (3) 

Financial difficulties of owners; 

(4) Financial difficulties of 

contractor; (5) Design changes. 
(Enshassi et al. 

2010) 
Questionnaire 66 (1) Strikes, (2) Lack of material, 

(3) Economical problems, (4) 

Poor site management, (5) Lack of 

equipment 
(Hwang et al. 

2013) 
Questionnaire 36 (1) Coordination between various 

parties; (2) Availability of 

management staff; (3) Site 

management; (4) Availability of 

material; (5) Availability of 

labour. 
(Lindhard and 

Wandahl 2014b) 
Case study 3 (1) Connecting works, (2) Change 

in work plans, (3) Work force, (4) 

Weather, (5) Components and 

material 
(Jarkas et al. 2015) Questionnaire 132 (1) Errors and omission in design 

drawings; (2) changes orders 

during execution; (3) delay in 

information; (4) lack of labour 

supervision; (5) clarity of project 

specifications 
(Larsen et al. 

2016) 
Questionnaire 56 (1) State of marked conditions; (2) 

Weather conditions; (3) Selection 

and assignment criteria; (4) Soil 

conditions; (5) Change of partners 

in the project organization. 
(Sinesilassie et al. 

2017) 
Questionnaire  200 (1) Adequate communication 

between project participants; (2) 

Availability of resources; (3) 

Project manager’s understanding 

of scope of work; (4) Project 

managers experience; (5) Change 

orders. 
(Johnson and Baby 

2018) 
Questionnaire 53 (1) Design variations, (2) 

Unrealistic schedules, (3) Permits, 

(4) Poor procurement strategy, (5) 

Approval from consultants 
(Pheng et al.  

2019) 
Questionnaire 36 (1) coordination amongst 

stakeholders, (2) communications, 

(3) arrival time of materials and 

equipment, (4) construction 

methods, (5) availability of 

drawings 
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Factors affecting schedule performance can be divided into three groups: Actor related 

factors, Process related factors, and Resource related factors (Hwang et al. 2013; 

Lindhard and Larsen 2016).  

 

 Actor related factors are factors related to project participants, for instance the 

competences of site management or the financing capability of the owner. 

 Process related factors are factors affecting the conditions under which a process 

is completed, for instance effective communication and coordination.  

 Resource related factors are factors related to resource availability, for instance 

labor or material. 

 

A quick glance at Table 1 shows that the resource factors are well represented amongst 

the top critical factors. The resource related factors are particularly interesting because 

they are within the site-manager’s control span, and possible to intervene. Therefore, 

this research will focus on the resource related factors to provide a much-needed direct 

applicable guidance in where to focus the effort (Zwikael and Globerson 2006). 

 

The research takes its outset in the Lean Construction’s theory of soundness, where the 

production is dependent on seven flows or resources. According to Koskela (1999), 

these seven flows constitute the preconditions/resources, which for every work task, 

need to be fulfilled in order to complete the task. Hence, if one of the seven 

preconditions is not fulfilled, the activity is un-sound, and should not be conducted, 

thus, productivity will go down (Koskela 1999, Brodetskaia et al. 2011). The seven 

flows are the following: 

 

1) Construction design and information: correct plans, drafts, and specifications are 

present  

2) Components and materials are present 

3) Workers with right competence are present 

4) Equipment and machinery are present 

5) Possible to have access to the workspace 
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6) Connecting works: previous tasks must be completed 

7) External conditions must be in order 

Due to the complexity and uniqueness of construction, the success factors are project 

specific. The differences are evident when reading through the identified factors listed 

in Table 1. Thus, it will not be possible to identify a universal list, but it will be possible 

to identify some tendencies (Toor and Ogunlana 2009). It is evident that most of the 

research that reports delay factors are based on questionnaire rather than actual 

performance based measures. Thus, the identified factors will depend upon the 

respondent’s subjective knowledge and experience. This constitutes an important gap in 

research knowledge as there may be a difference between how critical a factor is when 

experienced or perceived and how critical it is when measured. Few studies have 

triangulated survey data with case based data, which is part of the data sampling 

approach in this article.  

 

Based on the identified research gap explained above, the objective of this research to 

identify, rank, and compared key resource related factors for time-overruns by 

triangulating case based actual performance data (reality) with survey data (perceived 

reality). This way, the experience of the site-managers is compared with direct 

performance based measures. The comparison will reveal possible similarities and 

differences between the two data collection approaches and, also, provide insights into 

perceived and actual ranking. Construction managers can use this ranking as guidance 

for where to focus the effort to achieve flow in production.  

 

Method 

This research is based on a mixed methods design leveraging triangulation as described 

by Creswell and Clark (2007) and consists of three main elements: A questionnaire 

survey, three case studies, and a statistical data analysis combining the two data sources. 

Both studies investigate the relative importance of the resource factors in relation to 

their effect on time performance. By applying two different data collection methods, a 

triangulation effect is achieved which increases the validity of the results. To look for 

https://doi.org/10.1080/15623599.2020.1820659


This is a pre-published version 

 

Lindhard, S.M., Neve, H., Kalsaas, B.T., Møller, D.E. & Wandahl, S. (2020): Ranking and comparing 

key factors causing time-overruns in on-site construction, International Journal of Construction 

Management, https://doi.org/10.1080/15623599.2020.1820659 

 

similarities and diversities between the findings, a statistical analysis of the data is 

applied.  

 

The survey 

The survey is designed with outset in the guidelines presented in Forza (2002). 

According to Forza (2002), a survey needs to be designed considering: wording, 

scaling, respondent identification and questionnaire design. Wording is referring to how 

the questions are asked and the formulation of the questions. The survey is beta-tested 

among peers to ensure consistent language, and to avoid leading or emotional loaded 

questions.  

In relation to scale, a 7-point scale was applied, here the respondent were asked to rate 

the seven identified factors in relation to how often they cause delay. Actual values 

(1,2,3,4,5,6,7) were applied, to ensure that the data can be perceived as “interval data”  

allowing for statistical testing (Field 2009).    

The resource factors are described by terms coined in Lean Construction. Therefore, to 

increase the validity of the data, it was a requirement that the survey participants had a 

basic knowledge about Lean or experience with application of Lean. Previous research 

has shown that many practitioners implement and use Lean Construction concepts 

wrongly (Wandahl 2014). It is argued that people applying Lean concepts are used to 

identifying interruptions in the production and relating the causes to the preconditions. 

Thus, they will have a good insight into the relative importance of the resource factors. 

In that light, it is paramount that respondents have knowledge or experience with Lean 

Construction. To ensure this, the selected respondents were A) members of 

leanconstruction.dk, which comprises 16 contractors representing the major contractors 

in Denmark. B) Former students at the MSc in construction management program at 

Aalborg University working as contractors. Finally, duplicates were removed from the 

list of participants. In total 192 respondents were included in the survey. 36 persons 

completed the survey giving a response rate of 19%. The completed questionnaires have 

been checked for inconsistencies, but no questionnaires have been sorted out.  

 

Even though the response rate is low, it is still within an acceptable range (Viser et al. 

1996; Malhotra and Grover 1998). Moreover, according to Viser et al. (1996) a low 
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response rate does not entail low accuracy of the findings. The low response rate can be 

caused by different factors. First, web based surveys does result in a lower response rate 

that other survey modes (Manfreda et al. 2008). In addition, the survey participants 

consist of construction managers, site managers and foremen, who all work in a busy 

industry and have long working days. Thus, in a busy and stressful working day, filling 

out the questionnaire may not have been the priority. 

 

Case studies 

In addition to the questionnaire, a case study including three construction projects was 

conducted. All construction projects were followed in the entire construction period. 

The construction cases were followed with a focus on observing and determining the 

relative importance of the resource factors in relation to their effect on time 

performance. When conducting case studies, a clear research focus is important, 

otherwise there is a risk of being overwhelmed by the massive data volumes (Eisenhardt 

1989). Mintzberg (1979) stated it like this "No matter how small our sample or what 

our interest, we have always tried to go into organizations with a well-defined focus - to 

collect specific kinds of data systematically." 

 

The cases were selected based on one basic requirement: The constraints related to non-

completion had to be reported and described in accordance with the resource factors. 

The requirement enabled the direct observations to be supplemented with archived data. 

Here, summaries from scheduling meetings were explored. To ensure consistency in the 

results and to make comparison possible, the site manager was the same on all three 

construction projects.  

 

Data from the entire construction period is collected from archives. Additionally, the 

archives are supplemented with on-site observation and meeting participation in one 

construction case. Since all cases have the same site manager in charge, insight into the 

scheduling process for all projects is achieved. It is important to know the context since 

the context can influence the results (Hartley 2004). This secures validity in the data 

collection and removes the possibility of biased data. The cases are briefly presented in  

Table 2. 
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Table 2. Data collection for the three case-studies 

 Case 1  Case 2  Case 3 
Contract form Turnkey contractor  Turnkey contractor  General contractor 
Project followed Entire construction period  Entire construction period  Entire construction period 
From archives Reports from LPS meetings   Reports from LPS meetings  Reports from LPS meetings 
Construction period 50 weeks  23 weeks  60 weeks 
Activities registered 1570 activities  593 activities  2592 activities 
Constraints registered in 453 activities  134 activities  570 activities 
Average PPC 71.1 %  77.4 %  78.0 % 

 

 

The data collection from the three case studies produced in total 4755 data points. In 

relation to 1157 of these data points, the observed activity was delayed. The factors 

causing these delays have been identified for 703 of these data points. The remaining 

454 data points have been removed from the data set. 

 

Statistics and comparison 

All observations from both the questionnaire and the case study are considered 

statistically independent. The dependent variables are measured on a fixed interval scale 

set to vary between 1 and 7 depending on the frequency of the constraint. Furthermore, 

all incidents of differences are assumed to be normally distributed in the population.  

 

In the questionnaire the participants were asked to number the likelihood of constraints 

in relation to the resource factors. The minimum value (1) represents a most unlikely 

occurrence while the maximum value (7) represents the most likely occurrence.  

 

The case studies consist of a weekly observation of constraints in three construction 

cases. To be able to compare and test results, the percentage-wise allocation of the 

constraints was calculated in relation to the total number of activities in the 

corresponding Weekly Work Plans. To strengthen the frame of reference, the weekly 

registered data points  are compiled in clusters of three. Afterwards, the distribution of 

occurrences of constraints was transformed to the 7-step scale using the transformation 

diagram shown in Table 3. The transformation diagram serves to relate and compare 

results from the two research studies. 
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Table 3. Transformation diagram from occurrence in percentage of the total activities in the three-week 

cluster to the fixed 7-step scale. The transformation diagram is developed to enable a comparison 

between the results from the questionnaire and the case studies. 

%100%25,6  x

   value 7 
%25,6%50,4 x

   value 6 
%50,4%75,2 x

   value 5 
%75,2%75,1 x

   value 4 
%75,1%75,0 x

   value 3 

%75,0%0  x    value 2 

%0x    value 1 

 

 

First, a hypothesis test of means from the individual results is carried out. Since the 

sample deviation ( ) is unknown, a one sample t-test is applied to test the means. The 

0H  and AH  hypotheses are respectively:  

00 :  H   

0:  AH  

The test statistic applied is: 
ns

X
t

/

0 ; with the level of significance set to: 05,0 . 

The calculated confidence interval represents the interval within which the population 

mean would be situated with a likelihood of 95%. By stating that X0  the lower and 

upper boundaries for the population mean is calculated.  These boundaries are 

subtracted or added, respectively, to the sample mean. 

Afterwards, the results from the questionnaire are compared to the case-observations. 

Since the sample deviation ( 21, ) is unknown but equal ( 21   ), a squared t-test is 

applied to test the paired means. The 0H  and AH  hypotheses are respectively:  

210 :  H   

21:  AH  
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The test statistic applied is: 
2

2

1

2

21

//

)(

nsns

XX
t

pp 





; with the level of significance set to: 

05,0 . 

When stating that 2211 XX   the calculated confidence interval represents the 

interval within which the observed difference in mean would be situated with a 

likelihood of 95%.  

Results 

A questionnaire was designed to capture project managers’, construction managers’, 

site-managers’ and foremens’ experiences with the availability of resources. The results, 

which are presented in  

Table 4, show the expected average frequency of constraints in relation to the seven 

resource factors. It shows a high frequency in constraints related to construction design 

and connecting works. Furthermore, a two-tailed t-test is performed ( X0 ) and the 

related interval for the population mean is stated.  

Table 4. Causes for non-completion. Minimum average is 1 representing the most unlikely reason for 

non-completion while maximum average is 7 representing the most likely reasons for non-completion. 

     One sample t-test 
 

Respondents Average 
Standard 

deviation 
Standard Error 

of Mean 

95% Confidence Interval of 

0  

 Lower Upper 
Construction design 36 5,29 1,90 0,32 4,94 6,23 
Connecting works 36 4,58 1,90 0,32 4,19 5,48 
Space  36 3,87 1,66 0,28 3,52 4,65 
Components and  materials 36 3,81 1,72 0,29 3,45 3,61 
Equipment and machinery 36 3,36 1,59 0,27 3,02 4,09 
External conditions  36 3,28 2,09 0,35 2,76 4,18 
Work force 36 3,05 2,02 0,34 2,54 3,90 
Total 36      

 

 

To gain a triangulation effect and add more validity to the results, three construction 

cases were subject to observation, thus enabling comparative analysis between 

questionnaires and observations. Here, failures related to the seven resource factors 

were detected and constraints were registered. In 703 of the data-points constraints were 

registered and the root causes determined. The findings are presented in Table 5 in the 
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column named ‘number of observations’. Again, a high frequency in constraints related 

to construction design and connecting work is registered. 

 

To facilitate comparison with the questionnaire, the collected observational data has 

been split up into weekly registered data points and transformed onto a scale like the 

scale used in the questionnaire. Furthermore, a two-tailed t-test is performed ( X0 ) 

and the related interval for the population mean is stated. The results are presented in 

Table 5.  

Table 5. Causes for non-completion divided between the seven preconditions. Minimum average is 1 

representing the most unlikely reason for non-completion while maximum average is 7 representing the 

most likely reasons for non-completion. 

     One sample t-test 
     95% Confidence Interval of the 

Difference 
 Number of 

observations 
3 week Mean Standard 

deviation 
Standard Error of 

Mean 
Lower Upper 

Construction design 204 5,14 1,31 0,22 4,69 6,23 
Connecting works 194 4,40 2,03 0,34 3,70 5,10 
External conditions 105 3,51 1,94 0,33 2,85 4,18 
Work force 104 3,42 1,63 0,28 2,87 3,99 
Components and materials 72 2,80 1,83 0,31 2,17 3,43 
Space 17 1,57 1,01 0,17 1,23 1,92 
Equipment and machinery 7 1,23 0,54 0,09 1,04 1,41 
Total 703      

 

One approach to check for similarities between results is to compare differences in 

mean. In order to enable statistical inferences regarding the relationships and 

consistency between the results arising from both questionnaires and observations, 

hypothesis testing is carried out. Specifically, a two-tailed squared t-test is performed, 

comparing the mean value from the observations (reality) with the mean value from the 

questionnaires (perceived reality). If the value of t lies within the corresponding 

confidence interval, the 0H  hypothesis is accepted, if not, 0H  is rejected and instead 

AH  is accepted. The results are presented in Table 6. The test reveals a high 

consistency between the resource factors external conditions, connecting activities, 

work force, and construction design. Furthermore, a low consistency was revealed 

between equipment and machinery, materials and components, and space.  
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Table 6. Squared t-test where the questionnaire (q) is paired to the case (c) results. * indicates that the H0 
hypothesis is rejected. 

 

Paired Differences 

t Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence Interval of the 

Difference 

Lower Upper 

Construction design (q-c)  ,43 2,33 ,40 -,37 1,23 1,09 

Work force (q-c) -,17 2,50 ,42 -1,03 ,69 -,41 

Materials and components (q-c) 1,2 2,70 ,46 ,27 2,13 2,63* 

Equipment and machinery (q-c)  2,3 1,83 ,31 1,71 2,97 7,57* 

Space (q-c) 2,5 1,76 ,30 1,91 3,12 8,48* 

Connecting activities (q-c) ,37 2,97 ,50 -,65 1,39 ,74 

External conditions (q-c) ,03 2,70 ,46 -,90 ,95 ,06 

Discussion 

In the case studies, the average PPC is around 75%. This means that for every four 

planned activities one is not completed in accordance with the production schedule. The 

delayed activities create uncertainty about the plan and negatively effects the soundness 

of scheduled activities.  

A huge part of these disruptions is caused by resource related factors and can be 

avoided. This is because the resource related factors are within the site-manger’s 

control, thus he/she is able to ensure resource avalability or to change the plans up front. 

By changing the plans up front, he/she ensures that all resources are available for all 

scheduled activities. By avoiding schedules where the resource availability is 

questionable or unrealistic the time-performance and schedule reliability will improve 

(Dawood and Sriprasert 2006; Lindhard et al. 2019). 

 

The actual ranking based on the registered data points is: 1) Construction design, 2) 

Connecting works, 3) External conditions, 4) Work force, 5) Components and materials, 

6) Space, and 7) Equipment and machinery.  

 

The resource factors can be divided into three groups, depending on relative occurrence: 

A) The high frequency group are factors occurring in more than 20 % of the delayed 

activities, the group contains Construction design and Connecting work constitutes 
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close to 60% of the causes for time-overruns. B) The less frequent group are factors 

occurring in between 5 and 20 % of the scheduled activities, the group contains External 

conditions, Work force, and Components and materials is occurring around half as 

frequently as the high frequent factors. This group constitutes around 40% of the time-

overruns. C) The low frequent group are factors occurring in less than 5% of the 

delayed activities, the group contains Space and Equipment and machinery constitutes 

only 3% of the causes for time-overruns. As previously stated, the ranking may not be 

universally valid. Variations in frequency in the resource factors are expected to be 

project dependent, but even though the ranking might change, the factors in the high 

frequent, less frequent, and low frequent groups are expected to be the same.  

 

Construction design is found to be the most common reason for delayed activities. The 

design process is very demanding to keep on track because it includes multiple 

disciplines,  often with strong reciprocal interdependencies, and because of the many 

iterations to make the design mature (Kalsaas 2019). Even though the design is 

considered complete, managers experience problems with outdated drawings and 

drawings with wrong measurements, and often a specific detail needs more 

clearification (Lindhard and Wandahl 2012). Buildability is a central concern, and the 

site-manager needs to increase his focus on the design material by carefully examining 

the it before production. By going through the building process and by comparing the 

material with the actual site, most issues can be avoided.  

 

The second most common reason for delayed activities is connecting work. Connecting 

work refers to cases where delays in previous activities hinder the completion. 

Especially quality issues can create substantial delays, and besides the exstra time spent 

on rework, the process is costly. The site-manager needs to follow the production 

closely, and react to delay or bad quality as soon as possible. By discovering the 

problems early, it might still be possible to take managerial actions to improve the 

quality or to speed up the production, or maybe the production schedules should be 

updated to reflect the new situation. 
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The ranking of the last five resource factors vary when comparing the case study with 

the survey, but when looking at the frequency, the consistency is high for external 

conditions and work force. Looking at the scores from the survey, the difference 

between the resource factors is quite low. The two high frequent causes Construction 

design and Connecting work stand out while the rest roughly score around the mean (3) 

with the third highest factor scoring 3.87 and the lowest factor scoring 3.05. The 

difference between frequencies is much more evident when looking at the observations 

from the case studies. Again, the two high frequent causes stand out with approximately 

200 registrations each, but the difference is much more evident in the remaining 

categories. For instance, the third most frequent factor is registered 105 times while the 

lowest frequent factors are observed only seven times. 

 

It is important to notice that the survey is based on the experiences and perceptions of 

the participating construction professionals. The quick comparison reveals that the 

construction professionals seem to be able to determine the high frequent factors, while 

the determination becomes more indistinct when distinguishing between the less 

frequent factors, and they seem to fail in determining the low frequent causes.  

 

The participants’ difficulties in distinguishing between the less frequent factors might 

be affected by how the delay is experienced or by other case-specific explanations. 

However, nothing indicates that the participants in other survey studies do not have the 

same difficulties. This is particularly important in studies that rank success factors 

because they often rely on survey data only. This is evident when looking at the studies 

mentioned in Table 1. In these studies, at least the possibility that construction 

professional’s understanding of causes for time-overrun should be taken into 

consideration when ranking the data. A warning sign is if the survey results show only 

little variation between factors, or when parts of the scale is used for ranking. In such 

cases, it will be recommended to supplement the survey results with other types of data, 

for instance, direct observations of the phenomena.  
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Conclusions and Further Research 

Factors affecting time-performance were examined through A) three case studies to 

measure actual frequencies and B) a survey to collect the experiences of construction 

professionals. Measuring the resource factors in two different research studies allows 

for comparison between the studies. 

 

Based on the case study, the ranking of the resource factors is as follows: 1) 

Construction design, 2) Connecting works, 3) External conditions, 4) Work force, 5) 

Components and materials, 6) Space, and 7) Equipment and machinery. In general, the 

site-managers need to have all the resource factors in mind; he must monitor and 

intervene to make sure that the completion date for all activities in the schedule is 

realistic. But the site manager must keep his focus on avoiding the two high frequent 

factors Construction design and Connecting work. These two factors were causing more 

than half of the time-overruns.   

 

Moreover, the findings revealed that construction professional’s causal understanding of 

the factors causing time-overrun does not correspond with observations as they were 

unable to distinguish between the less frequent and low frequent factors. To ensure the 

trustworthiness of the results, survey studies must consider the possibility of 

participants misperceiving the causes of time-overrun. Indicators to look for are low 

variation between factors or when only parts of the ranking scale are applied.  

 

Further research will look deeper into the causes for the project managers’ 

misperception of causes of time-overrun in order to identify if it is physical or 

psychological factors that affect how the factors and the related time-overruns are 

perceived.  

Data availability 

The data that support the findings of this study are available from the corresponding 

author upon reasonable request.  
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