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Labor Waste in Housing Construction Projects: An 

empirical study 

Abstract 

Purpose - High-level labor waste is a major challenge in construction projects. This paper aims 

to identify, quantify and categorize labor waste in the context of Iranian housing construction 

projects. 

Design/methodology/approach – This research uses a case study approach, with empirical 

data collected through direct observations and semi-structured interviews.  

Findings – Having triangulated the findings from the literature review and empirical studies, 

a list of eight types of waste was derived for the thirteen observed laborers in ten case study 

projects. The empirical studies allowed the labor waste identified from the literature to be 

verified and refined by considering it in the context of the observed activities, and led to two 

new types of waste being identified which were not considered in the literature. Findings 

indicate that nearly 62% of laborers’ time is spent on non-value adding activities. It appeared 

that ‘unnecessary movement’, ‘waiting’ and ‘indirect work’ make up the highest labor waste.  

Research limitations/implications - This research focuses only on onsite resource flows in a 

housing construction site. It does not include offsite flows such as material delivery to site. 

Originality/value - The findings have provided substantial evidence on type and amount of 

labor waste and provide a solid basis to stimulate construction actors to participate in reducing 

labor waste and improving productivity.  
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Introduction 

Construction is one of the largest players and employers in the worldwide economy. The global 

construction industry reached US$10.6tn in 2018 and is expected to reach US$12.7tn by 2022, 

with an average annual increase of 4.9 percent (Mike Betts, 2015).The industry makes up nearly 

12 percent of the world’s gross domestic product (GDP) reported as US$87.5tn in 2018 

(Nasirzadeh et al., 2020). It employs between 5 to 11 percent of the workforce in most of 

countries (Buckley et al., 2016) and it is estimated to consume natural resources nearly 13 

percent, equivalent to USD10tn of the global GDP each year (Chia et al., 2018). Despite this 

significance, the construction industry suffers from a high level of labor waste in comparison 

with other industries (Goulding and Rahimian, 2012; Tran and Tookey, 2011), and as a result, 

in some countries, the industry’s productivity level is undergoing a weak or negative growth 

(Hasan et al., 2018).  

In the Lean methodology, waste is referred to as anything that consume resources but adds no 

value to the final product (Womack James P, 1997) and it is often used interchangeably with 

the term “non-value adding activities” (Buzby et al., 2002). Labor waste is defined as any loss 

produced by activities carried out by labors; it creates direct or indirect costs but does not add 

any value to the product from the client point of view (Elghaish et al., 2020a; Formoso et al., 

1999). The omnipresence and persistence of waste throughout the construction resource flows 

renders waste elimination fundamental for productivity improvement (Green and May, 2005; 

Vrijhoef and Koskela, 2000). It is argued that any improvement in reducing the labor waste can 

cause noticeable positive economic impacts (Koskenvesa et al., 2010) while continuing with 

such high level of labor waste leads to sharper rises in construction costs, adverse social 

implications and declining work for the industry (Ganesan, 1984). 



   
 

   
 

Construction is characterized as a labor-intensive industry. Labor costs account for 30-50 

percent of the total cost of projects and the bulk of work is performed manually (Enshassi et 

al., 2007; Jarkas and Bitar, 2012; Kolo et al., 2014), especially in developing countries 

(Chaturvedi et al., 2018). Therefore, it is argued that the level of labor waste plays a major role 

in construction productivity (Ghoddousi et al., 2014; Hamza et al., 2019; Hasan et al., 2018). 

Labor waste, as an unwanted byproduct, should be identified and made visible so as to be 

minimized (Denzer et al., 2015). Yet, waste is not easily detectable and is often hidden behind 

value-adding activities in diverse forms (Shingo, 1988), depending on the type of activities 

(Denzer et al., 2015).  

Amongst construction practitioners, waste is typically conceived as the disposal of materials 

(Nikakhtar et al., 2015)  and non-value adding activities are usually neglected (Koskela, 1992). 

As a result of this incomplete understanding of the concept of waste, productivity improvement 

is hardly achievable in the industry  (Koskela, 1992). Also, current construction management 

practices have not been fully able to identify labor waste even though identification of waste is 

of utmost importance when it comes to productivity improvement (Li et al., 2019).  

In particular, a review of the literature reveals that the existing scholarship does not establish a 

proper insight into the current state of labor waste in the Iranian construction industry and the 

opportunities for improvement. Given the importance of this industry for the Iranian economy, 

more accurate insight should be provided into labor waste identification and categorization, its 

impact on labor productivity (Achell and Bonet, 2013; Alwi et al., 2002a; Denzer et al., 2015; 

Formoso et al., 2015; Formoso et al., 2011), and on potential improvement efforts (Hajikazemi 

et al., 2017).  

The aim of the research reported in this paper is to estimate the amount of labor waste in Iranian 

construction projects.  The paper is structured as follows. First, the treatment of labor waste in 



   
 

   
 

the literature is discussed and the research gap identified. The research method adopted to 

collate and analyze data is described. The labor waste identified during the empirical studies is 

presented. The findings and contributions to knowledge are discussed. Finally, conclusions 

drawn from the research and areas for further research are presented. 

Contextual Background 

Labor waste in construction 

 Ramaswamy and Kalidindi (2009) define the Value-Added Activities as the main activities to 

transform raw materials to final product, meanwhile, the Non-added Value activities do not 

contribute directly to the transformation of raw materials to a final product  and should be 

eliminated to reduce the waste (Javed et al., 2018). However, these ‘non-added value activities 

are significantly important to support the implementation of value-added activities  and sustain 

relationships among team members (Brooks et al., 2020).The Necessary waste can be identified 

as which are activities that may be wasteful, but critical and important to implement the 

operation (Arleroth and Kristensson, 2011). 

Waste emerges in varying forms in different industries (Denzer et al., 2015). In construction, 

a proportion of waste is linked to this industry’s high degree of complexity (Bølviken and 

Koskela, 2016; Elghaish and Abrishami, 2020; Rahimian et al., 2008), which makes it difficult 

to re-define and identify wastes in projects (Koskela et al., 2013). Waste in construction can 

differ from that identified in classical, standardized lists (Koskela et al., 2013), and therefore, 

waste defined for construction should fit the peculiar nature of this industry (Elghaish et al., 

2020b; Koskela et al., 2013). 

Eliminating or reducing the labor waste can lead to a significant improvement in productivity 

(Nikakhtar et al., 2015). Previous research show that activities in a production system can be 



   
 

   
 

divided into three generic categories, namely Value-Adding (VA), Non-Value-Adding (NVA) 

and Necessary Waste (NW) (Monden, 2011). VA activities have direct contribution to the final 

product whereas NVA activities (i.e. pure waste) are those unnecessary activities that consume 

resources but do not add any value to the final product (Shou et al., 2020). The NW category 

encompasses wasteful activities that pass no value to the end customer but they are necessary 

to enable value production (Denzer et al., 2015; Hines and Rich, 1997). 

Many studies have studied the different factors of labor waste in developing countries such as 

Satchi and Temple (2009) which state that the productivity of labor in informal markets in 

developing countries is different from formal and institutional markets since their labors have 

substantial bargaining power. Enshassi et al. (2007) listed 45 factors that affect the labor 

productivity, these major factors are material shortage, lack of labor experience, lack of labor 

surveillance, misunderstandings between labor and superintendent, and drawings and 

specification alteration during execution. In addition, Hiyassat et al. (2016) studied the 

productivity drivers in Jordan and results indicate that the distrust between labor and 

management staff reduces the labor productivity. A similar study was conducted in Yemen by 

Alaghbari et al. (2019), the findings show that the lack of labor skills and misleading site 

leadership are substantial factors of labor waste in Yemen. Another study was conducted in 

Egypt confirms that competency of labor supervision, labor experience and skills and incentive 

programs are the main factors to improve labor productivity and minimize labor waste (El-

Gohary and Aziz, 2014).  

Table 1 summarizes the findings about the share of NVA activities and NW identified in 

previous studies. 

Table 1. Share of waste in construction activities based on findings in previous studies. 



   
 

   
 

Country 

of study 

Type of 

work 

Necessary 

Waste 

Non-

Value 

Adding 

Activities  

Total 

Waste 

Reference 

Canada 

Installation of 

drainage pipes 

- 68% 68% 

(Agbulos and 

AbouRizk, 2003) 

Sweden 

Housing 

construction 

45% 35% 80% 

(Strandberg and 

Josephson, 2005)  

- - 33% 27% 60% (Orth et al., 2006)  

- 

Bricklayers, 

plasters, 

concrete-

workers, 

painters and 

roof joiners 

14% 33% 47% 

(Alinaitwe et al., 

2006)  

India 

Building 

construction 

- - 57% 

(Ramaswamy and 

Kalidindi, 2009) 

Scandinavia Plumbing 50% 35% 85% 

(Josephson and 

Björkman, 2013) 

Norway 

Electrical 

installation 

28.10% 10.60% 38.70% 

(Hajikazemi et al., 

2017) 

 

There are seven types of waste in the classic categorization. The list of categories includes 

defects, overproduction, inventory, over-processing, motions, transport and waiting (Ohno and 

Bodek, 2019). Arguably, this classification is perceived to be insufficient to deal with the full 



   
 

   
 

range of wastes presented in industries (Sutrisno et al., 2018). In the construction industry, 

Koskela (1992) identifies moving, waiting, and inspection as activities that must be minimized. 

Garas et al. (2001) group construction wastes into two fundamental components, namely time 

waste and material waste. Time waste includes waiting periods, stoppages, variation in 

information, rework, ineffective work, the interaction between various specialists and delays 

in planning activities; material waste includes over-ordering, over-production, wrong handling, 

improper storage, manufacturing defects, and theft or vandalism. Alwi et al. (2002b) describe 

the main categories of waste during construction as reworks/repairs, defects, material waste, 

delays, waiting, poor material allocation and unnecessary material handling. In another study, 

Koskela (2004) suggests ‘Making-Do’ as the eighth type of waste in construction. Making Do 

accounts for instances when an activity starts without having its standard prerequisites (e.g., 

materials, machinery, tools, personnel and external instructions) in place. Later, Senaratne and 

Wijesiri (2008) identify materials, delays, rework and defects as the common types of waste in 

construction. Table 2 summarizes the eight types of waste according to Lean methodology 

(Liker, 2004). 

Table 2. Eight types of waste in the Lean methodology  

Type of Waste Description 

Waiting Laborers sometimes have to wait due to reasons such as 

equipment downtimes, stock-outs, unavailability of tools, supply 

chain interruptions, capacity bottlenecks, inspections, lack of 

instructions, avoidance of congestion in certain areas etc. In these 

situations, they usually stay idle until the problem is resolved.  

Unnecessary 

movement 

Any unnecessary motion by laborers during the course of their 

work, such as looking for or moving materials, parts and tools, 



   
 

   
 

unnecessary walking to find colleagues or inventory, and moving 

to unload the arrived materials.  

Defects Production of defective parts that do not meet the requirements 

including codes, specifications and/ or planned quality. It stems 

from multiple reasons such as inexperienced workforce, defective 

inventory, insufficient instructions, and deficient design.  

Excess inventory Excess finished goods and raw materials require longer lead time 

for unloading, storage, stock keeping, etc., and they increase 

defects as a result of improper storage which in turn, causes extra 

labor for taking correction actions such waste removals.  

Unnecessary transport Work which unnecessarily requires long distance transportation 

of materials 

Overproduction  Producing goods and products that there are no orders for them 

Over-processing Carrying out unneeded measures to process the parts 

Making-do Starting an activity starts without having its standard prerequisites 

in place 

 

Work sampling is the most commonly used method to measure labor waste through 

measurement of VA activities, NVA activities and NW at the individual or task level 

(Hajikazemi et al., 2017; Moohialdin et al., 2019). The method includes a series of 

instantaneous random observations of activities by collecting data at different intervals 

(Moohialdin et al., 2019; Robinson, 2010; Talebi et al., 2020). It is used to collate empirical 

data to understand how labor time is spent on different activities (Robinson, 2010), assess or 

improve productivity (Da Rocha et al., 2018; Hajikazemi et al., 2017; Mwanza and Mbohwa, 

2016), identify improvement opportunities for productivity (Chang et al., 2015), and minimize 



   
 

   
 

waste (Hajikazemi et al., 2017). In construction, work sampling is a series of random and 

consecutive observations (Haugbølle et al., 2019). This method can be conducted by 

researchers with the knowledge of both construction and work sampling. However, it is better 

performed by an independent party to minimize the potential bias of in-house staff (Hwang and 

Lee, 2017). Work sampling is used in this study because the results of this method are 

applicable for measuring labor waste and investigate means to improve productivity.  

Of note is that there are multiple definitions for productivity in the literature. In production, it 

is defined as the effective management of the facilities, especially in terms of labor and 

equipment (Chia et al., 2018; Miron et al., 2016; Mwanza and Mbohwa, 2016). In construction, 

the concept of productivity can be referred to as working hours required to accomplish a given 

unit of work (i.e. the amount of work performed by one labor per hour) (Al-Kofahi et al., 2020). 

Conventionally, organizations aim at maximizing the value-adding activities to improve their 

productivity. However, Lean Construction has changed the perception about productivity and 

suggests that it can be improved by minimizing the share of labor waste, also known as NVA 

activities (Buzby et al., 2002). This is the view adopted in this study, the ultimate goal of which 

is to identify, categorize and quantify NVA carried out by laborers to improve productivity.  

Labor waste studies in Iran and gap in knowledge  

Liker (2004) argues that tackling a problem by finding workable and suitable solutions first 

needs its characterestics to be identified. More specifically, developing a solution to minimize 

labor waste and improve productivity requires the identification, quantification and elimination 

of waste. Nevertheless, very little literature exists with the main focus on thoroughly collating 

labor waste in Iranian housing construction sites. A review of literature reveals that the 

definition of labor waste remain vague as most of the existing literature merely presents the 

participants’ perceptions rather than identifying and quantifying labor waste through rich 



   
 

   
 

empirical data (Ghoddousi et al., 2014; Ghoddousi and Hosseini, 2012; Ghoddousi et al., 2015; 

Miron et al., 2016; Nikmehr et al., 2017; Rad and Kim, 2018; Zakeri et al., 1996). None of the 

previous studies provides a quantitative measure of labor waste although this information is 

necessary in order to understand the magnitude of such challenge. 

Research Design 

The exploratory case study approach has been adopted for this research. This approach is used 

when exploring, describing and explaining a contemporary phenomenon within a real-world 

context, and achieving an in-depth understanding of real-world events (Sheikhkhoshkar et al., 

2019; Yin, 2013). The purpose of the exploratory case study is not to only describe a 

phenomenon but also to explore underlying reasons as to how and why certain events occur 

within a real-world context (Eisenhardt, 1989; Seyedzadeh et al., 2017). The exploratory case 

study has been adopted for this study as it aims to answer ‘how’ and ‘why’ labor waste is 

occurred on housing construction sites. This exploratory research identifies the relationship 

between theory and construction project management practice, in order to inform practitioners 

and researchers.  

Surveys are a common research method to identify reasons behind the occurrence of an event 

(Knight and Ruddock, 2009). However, using surveys does not necessarily lead to new 

understanding or in-depth verification of the reasons identified in the present literature 

(Rosenfeld, 2014; Ye et al., 2015). The case study approach in this research facilitates the 

collection of data in the context for which labor waste is experienced.  In this research, literature 

is reviewed to gain a general understanding of labor waste. The empirical data is then collected 

from construction projects through direct observations on site and semi-structured interviews.  

Rational for case selection  



   
 

   
 

Appropriate case selection requires the selection of cases that are ‘most likely’ to satisfy the 

research aim (Brinkman, 2013). Purposive sampling was used to select cases and interview 

participants. Purposive sampling promotes the importance of conscious decision-making and 

is adopted when a small sample exists which must be informative (Saunders et al., 2016). Ten 

medium-sized housing construction sites in Tehran-Iran took part in the research with project 

footprints between 200 and 500 square meters. More than seventy hours of observations were 

conducted. Observations continued until data saturation was achieved, i.e., no new labor waste 

were found in the final stage of the observations. This implies that the selected cases were 

informative, and the adoption of purposive sampling ensured the selection of appropriate cases.  

Data collection and analysis  

Direct (non-participant) observation (O'leary, 2004) was conducted at the selected sites. During 

the observations, a detailed time-motion study using the work sampling method was adopted. 

Work sampling helped explore the various types of labor waste encountered on housing 

construction sites and also quantify the time that laborers spend on VA activities, NVA 

activities and NW. The observation period was two months, in which thirteen laborers 

performing seven different activities were observed. Construction activities during work 

sampling were classified into the three categories of VA activities, NVA activities, and NW. 

For example, laying bricks, applying plaster over drywall, and installing electrical wiring are 

constructive and classified as VA activities. All types of identified NW were categorized as 

“indirect work”. Indirect works (e.g. inspection, measurement, unpacking materials) are 

needed to move the work forward but add no value to the end product. A decimal minute-

stopwatch was used to record the time taken to perform each task with high level of accuracy. 

The name of activities and associated time were then recorded in data protocol form. An 

example of a filled data protocol is presented in Table 3. The careful approach taken during the 

observations ensured the accuracy of the data collected. The authors who collected the data 



   
 

   
 

attempted to carefully distance themselves from the participants on site and only engage in a 

small talk before the workday. This was due to (1) social distancing requirements, (2) the need 

to reduce the negative effect of laborers trying to produce more desirable results, and (3) the 

need to avoid causing anxiety to the laborers.  

Table 3. An example of a completed data protocol for a plumber.  

Observation 1 (Plumber) 

Percentage 

 

Time 

 
Observed Actions 

General 

Category 

51.03% 
 

2:57:17 
 

Plumbing 
Value-adding 

activities (VA) 

8.43% 

 

0:29:17 

 
Measuring 

Necessary 

Waste (NW) 
3.74% 

 
0:12:59 

 
Preparation 

1.50% 

 

0:05:13 

 
Inspection 

1.81% 
 

0:06:18 
 

Walk to material and tools 

Non-value 

Adding 

activities 

(NVA) 

4.28% 
 

0:14:52 
 

Looking materials and tools 

2.47% 

 

0:08:34 

 

Moving materials and tools 

 
12.18% 

 
0:42:18 

 
Handling materials and tools 

2.16% 0:07:30 Small talk 

3.33% 0:11:34 Unpermitted break 

2.38% 
 

0:08:17 
 

Sanitizing hands and cleaning up 

equipment 

1.70% 

 

0:05:55 

 
Waiting for other colleagues to 

avoid congestion 

4.99% 
0:17:20 

 
Problem-solving discussions 

 

Nine semi-structured interviews were then conducted to attain opinions of practitioners in the 

industry (Brinkman, 2013; Talebi, 2019) on the type of waste existing in construction activities 

in Iran. The interviewees were from high profile Iranian construction companies or universities. 



   
 

   
 

The interviewees were (1) three site engineers (Interviewees 1-3), (2) three project managers 

(Interviewee 4-6), and (3) three construction academics (Interviews 7-9). The selection of the 

interviewees was on the basis of their expertise, willingness to participate and availability.  

Moreover, X interviewees were involved in one of the selected projects, that is, they were 

knowledgeable of the context of housing construction projects. The interview questions 

centered on seeking to understand the perception of labor waste on housing construction sites 

and how to identify it. Interviews were carried out face-to-face and took around 40 minutes 

each. The interviews were recorded, transcribed and translated to English. Content analysis 

was applied to the interview transcripts in order to identify the characteristics of labor waste. 

More specifically, content analysis was used to find the foremost facets of the data by 

interpreting the interview transcripts instead of simply referring to the number of times a topic 

is indicated (Fellows and Liu, 2015). Verbatim comments were included in quotations to better 

communicate the ‘lived experience’ of participants. Those quotations are modified for 

readability, without altering the meaning. Consolidating the findings from the literature, 

interviews and observations resulted in the identification of six different type of labor waste in 

housing construction sites. 

Findings from the work-sampling observations  

Table 4 and Figure 1 provide a summary of findings from the work sampling. It appears that 

results vary remarkably between laborers and between different types of construction 

activities. The percentage of VA activities varies between 16% and 58% whereas NVA 

activities range from 33% to 71%. NW was between 3% and 32%. The findings demonstrate 

that on average nearly 38% of the labors’ time on sites is devoted to VA activities while 47% 

of the time is NVA activities. Moreover, NW accounts for 15% that needs to be minimized. 

Overall, it appeared that nearly 62% of the labor time is perceived to be waste.  



   
 

   
 

Table 4. Summary of findings from the work sampling carried out for 13 laborers.  

Labor 
No. 

Value Adding 
Activities 

Non-Value 
Adding Activities 

Necessary Waste 
 

Total  

Duration 
(h:m:s) 

% Duration 
(h:m:s) 

% Duration 
(h:m:s) 

% Duration 
(h:m:s) 

% 

1 02:57:17 51 02:02:38 35 00:47:29 14 05:47:24 100 
2 01:38:18 27 04:10:08 70 00:10:35 3 05:59:01 100 
3 01:35:13 32 02:54:22 59 12:25:12 9 04:54:50 100 
4 00:30:12 19 01:10:21 43 01:10:31 38 02:42:04 100 
5 03:07:47 58 01:38:56 30 00:40:10 12 05:26:53 100 
6 02:16:43 39 01:57:57 33 01:38:02 28 05:52:42 100 
7 00:56:52 20 03:17:52 70 00:26:16 10 04:41:00 100 
8 00:58:47 50 00:47:56 42 00:09:37 8 01:56:20 100 
9 05:25:33 58 03:02:15 32 00:56:53 10 09:24:41 100 

10 00:18:14 16 01:22:46 70 00:15:47 14 01:56:47 100 
11 00:36:32 18 01:46:37 52 01:00:46 30 03:23:55 100 
12 05:12:29 58 03:02:36 34 00:39:42 8 08:54:47 100 
13 01:53:01 54 01:08:06 32 00:30:09 14 03:31:16 100 

 

 



   
 

   
 

 

Figure 1. Share of Value-adding, Necessary Waste and Non-Value-adding activities in the 

collected data.  

Findings from interviews  

All participants in interviews believe labor waste largely exists throughout construction 

activities and causes cost overrun and schedule slippage. It was stressed that “there is always 

waste but it is very difficult to capture all of it” (Interviewee 3). “Several approaches work to 

reduce waste” and the issue that “some workers are on piece-work contracts” complicates the 

identification of waste (Interviewees 7). Furthermore, “no clear definition of waste exists and 

it is not sometimes easy to distinguish value adding activities from waste” (Interviewee 2). For 

instance, walking around the site can be considered as waste whereas sometimes it is necessary 

(Interviewee 5). It was pointed out that “the level of education and experience of crews play an 

important role” (Interview 8) and “it is easier to recognize the labor waste for a trained or 

experienced person” (Interviewee 9). 
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It appears that all interviewees consider waste mainly as the visible material wastage. The 

interviewees mostly indicated the issues causing labor waste (e.g. poor communication, 

weather condition) rather than identifying the types of labor waste incurred on site. 

However, certain types of labor wastes were identified during the interviewees. A summary of 

the type of labor waste noted by each corresponding interviewee is found in Table 5.  

Table 5. Labor waste identified during the interviews  

Stated Labor Waste 

Corresponding 

Interviewees 

Waiting on colleague or material, Changeover time 1, 3, 4, 6 

Excess inventory 1, 7 

Lack of labor responsibility and motivation 2, 5 

Unnecessary movement of people and material, 

Searching for colleague or material 

3, 7 

Damaged, lost, defected, or stolen inventory 7, 9 

 

Results and Discussion  

An in depth review of literature revealed a number of limitations of previous studies focusing 

on labor waste. Appreciation of these limitations, gained from the in-depth literature review 

should be considered as a contribution to theory. These limitations have obscured the labor 

waste somewhat, and more thorough study are needed prior to any attempt to develop solutions 

for reducing labor waste. To tackle the identified shortcomings, the case study approach was 

adopted, and quantitative data was collected using the work sampling method. Moreover, a list 



   
 

   
 

of labor waste for housing construction sites in Iran was created based on the findings from the 

literature and empirical studies. 

It appears that the definition of labor waste is still vague in literature and among practitioners 

alike. Most of the existing literature is based on subjective views rather than empirical and 

quantitative data. In this study, VA activities, NVA activities and NW were identified during 

observations in ten case projects. Labor waste was then explored during nine semi-structured 

interviews with academics and practitioners who commonly deal with it. Therefore, this study 

contributes to existing theory by creating a better understanding of the characteristics of labor 

waste through rich empirical data.  

The findings from the interviews and observations helped refine and verify the types of labor 

waste identified from the literature by contextualizing it by means of observed activities on 

construction sites. Two additional types of labor waste are proposed as a result. In this study, 

labor waste on housing construction sites is divided into seven categories, namely: (1) 

interrupted break or absenteeism, (2) indirect work, (3) waiting, (4) unnecessary movement, 

(5) defects, (6) excess inventory and (7) Making-Do. More specifically, ‘unnecessary 

transport’, ‘over processing’ and ‘overproduction’ are waste categories from the Lean 

Construction debates that were excluded from the final list as they were not observed in this 

study. It appeared that the work sampling method adopted in this study is unable to identify 

and quantity the Making-Do waste although it is evident that this type of waste is present. 

‘Interrupted break or absenteeism’ and ‘indirect work’ have been proposed in this study as they 

stood out during observations. ‘Interrupted break or absenteeism’ is about taking rest breaks 

(e.g. lunch breaks) longer than entitled, or interrupting the workflow for personal reasons (e.g. 

unnecessary chatting with colleagues and private telephone calls). ‘Indirect work’ includes 

activities that are necessary for VA activities. While indirect works expend labor, time, and 



   
 

   
 

cost, they add no value to the final product (Elghaish and Abrishami, 2020; Talebi, 2014). Yet, 

while they are regarded as waste in the production system, they cannot be completely 

eliminated, and their absence leads to time lags or delays. Preparation of site, tools, materials 

and equipment, inspections and measurements, sanitizing and cleaning up tools, tidying up site, 

and unpacking materials are some examples of this type of waste.  

The results demonstrate that on average 38% of the labors’ time on housing construction sites 

is devoted to VA activities, whereas NVA activities consist of 47% of their time and NW 

accounts for 15%. Overall, nearly 62% of labors’ time is waste underlying the need to take 

actions and reduce the labor waste.  The quantitative measure of labor waste on housing 

construction sites is a contribution to both theory and practice.  

Understanding what iss the most prevalent labor waste is a contribution to knowledge as it 

will help researchers and practitioners t prioritze when trying to tackle labor waste. 

Moreover, this research has adopted accurate time studies and used a clearer framework to 

classify construction activities (i.e. VA, NVA, NW), which differentiates this research from 

previous research. 

8-Conclusion 

The construction industry is criticized for high levels of labor waste and low productivity. The 

aim of this research was to identify, quantify and categorize labor waste in Iranian housing 

construction projects. A case study approach was adopted which used empirical collected data 

through semi-structured interviews and direct observations in ten case projects. Direct 

observations were used to identify and quantify labor waste. Semi-structured interviews were 

used to collect data from which the experience of practitioners and academics about labor waste 

could be captured.  



   
 

   
 

The study confirmed that the eight types of waste discussed in the Lean Construction literature 

have a practical basis. Findings from the literature were combined with empirical studies to 

propose a list of seven types of waste for housing construction projects in Iran, namely: (1) 

interrupted break or absenteeism, (2) indirect work, (3) waiting, (4) unnecessary movement, 

(5) defects, (6) excess inventory and (7) Making-Do. Two types of waste not included in the 

prior body of knowledge in Lean were found, namely interrupted break or absenteeism and 

indirect work. The list is expected to give an insight into reasons behind the labor waste and 

low productivity across the industry. 

During the interviews and review of extant literature, it was found that there is no clear 

definition of labor waste in the context of this research for house building sites,  

By means of work sampling during observations, it was revealed that nearly 38% of the 

laborers’ time on housing construction sites is spent on value adding activities, with 46% on 

non-value adding activities and 15% on necessary waste. This represents a significant amount 

of waste and suggests that around 62% of a laborer’s time is devoted to waste while only 38% 

of time is spent on activities that add value from the point of view of the end customer. It 

appeared that ‘unnecessary movement’, ‘waiting’ and ‘indirect work’ make up the highest labor 

waste. The findings provide substantial evidence on the amounts of labor waste and provide a 

solid basis to stimulate construction actors to participate in reducing labor waste and improving 

productivity in the sector.  

This study has three key limitations. Firstly, the empirical studies revolve around housing 

construction sites and future research may find more types of waste applicable to other types 

of construction projects. Secondly, this study was conducted in the Iran and may be affected 

by the particular characteristics of the housing construction there. These two limitations are 

partially mitigated as a result of reviewing the literature on labor waste in various types of 



   
 

   
 

construction projects conducted in different countries. Thirdly, the work sampling method is 

not capable of recognizing and quantifying labor wastes that are related to the process and 

human aspects such as Making-Do. Future research is needed to undertake additional studies 

into labor waste using technologies such as Radio Frequency Identification (RFID) linked into 

the Building Information Modelling (BIM).   

References 

Achell, J. F. P., & Bonet, M. B. (2013). A preliminary proposal for a waste-based management approach 
to improve performance in construction. Paper presented at the 21st Annual Conference of 
the International Group for Lean Construction, Fortaleza, Brazil. 
https://www.semanticscholar.org/paper/A-Preliminary-Proposal-for-a-Waste-Based-
Management-Achell-Bonet/868e4140418b39c8cb5a98d06d10b9a9f5fdea2e  Last Access: 
25/09/2021.  

Agbulos, A., & AbouRizk, S. M. (2003). An application of lean concepts and simulation for drainage 
operations maintenance crews. Paper presented at the Winter Simulation Conference, New 
Orleans, LA, USA. https://ieeexplore.ieee.org/document/1261599 Last Access: 23/09/2021 

Al-Kofahi, Z. G., Mahdavian, A., & Oloufa, A. (2020). System dynamics modeling approach to quantify 
change orders impact on labor productivity 1: Principles and model development comparative 
study. International journal of construction management, 1(12), 1-12. 
doi:10.1080/15623599.2020.1711494 

Alaghbari, W., Al-Sakkaf, A. A., & Sultan, B. (2019). Factors affecting construction labour productivity 
in Yemen. International journal of construction management, 19(1), 79-91. 
doi:10.1080/15623599.2017.1382091 

Alinaitwe, H. M., Mwakali, J., & Hansson, B. (2006). Assessing the degree of industrialisation in 
construction–a case of Uganda. Journal of Civil Engineering Management, 12(3), 221-229. 
doi:10.1080/13923730.2006.9636396 

Alwi, S., Hampson, K., & Mohamed, S. (2002a). Non value-adding activities: a comparative study of 
Indonesian and Australian construction projects. Paper presented at the 10th Conference of 
the International Group for Lean Construction, Gramado, Brazil. 
https://iglcstorage.blob.core.windows.net/papers/attachment-42328794-07d0-4ecf-a28a-
521c5f2bb193.pdf. Last Access: 01/10/2021. 

Alwi, S., Mohamed, S., & Hampson, K. (2002b). Waste in the Indonesian construction projects. Paper 
presented at the 1st CIB-W107 International Conference-Creating a Sustainable Construction 
Industry in Developing Countries, South Africa. 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.567.5275&rep=rep1&type=pdf. 
Last Access: 27/09/2021 

Arleroth, J., & Kristensson, H. (2011). Waste in lean construction–A case study of a PEAB construction 
site and the development of a lean construction tool. 
https://hdl.handle.net/20.500.12380/145320 doi:20.500.12380/145320. Last access: 
29/09/2021 

Bølviken, T., & Koskela, L. (2016). Why hasn’t waste reduction conquered construction? Paper 
presented at the 24th Annual Conference of the International Group for Lean Construction, 
Boston, USA. https://pure.hud.ac.uk/en/publications/why-hasnt-waste-reduction-
conquered-construction.  Last Access: 28/09/2021 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.567.5275&rep=rep1&type=pdf
https://pure.hud.ac.uk/en/publications/why-hasnt-waste-reduction-conquered-construction
https://pure.hud.ac.uk/en/publications/why-hasnt-waste-reduction-conquered-construction


   
 

   
 

Brinkman, S. (2013). Qualitative interviewing: Understanding qualitative research: Oxford University 
Press. ISBN:  0199861390 

Brooks, T., Bruen, J., & Curran, M. (2020). The Value Of ‘Non-Value Adding’ Activity. Paper presented 
at the 36th Annual Association of Researchers in Construction Management (ARCOM) 
Conference: Proceedings. https://pure.qub.ac.uk/en/publications/the-value-of-non-value-
adding-activity.  Last Access: 23/09/2021 

Buckley, M., Zendel, A., Biggar, J., Frederiksen, L., & Wells, J. (2016). Migrant work & employment in 
the construction sector. Retrieved from https://www.ilo.org/wcmsp5/groups/public/---
ed_protect/---protrav/---migrant/documents/publication/wcms_538487.pdf, Last Access: 
29/09/2021.  

Buzby, C. M., Gerstenfeld, A., Voss, L. E., & Zeng, A. Z. (2002). Using lean principles to streamline the 
quotation process: a case study. Industrial Management Data Systems, 102(9), 513-520. 
doi:10.1108/02635570210450190 

Chang, S., Yi, J.-S., & Son, J. (2015). The productivity improvement for steel framing work efficiency by 
work sampling and 5-minute rating technique. Journal of Construction Engineering Project 
Management, 5(1), 40-46. doi:10.6106/JCEPM.2015.5.1.040 

Chaturvedi, S., Thakkar, J. J., & Shankar, R. (2018). Labor productivity in the construction industry: An 
evaluation framework for causal relationships. Benchmarking: An International Journal, 25(1), 
334-356. doi:10.1108/BIJ-11-2016-0171 

Chia, F. C., Skitmore, M., Gray, J., & Bridge, A. (2018). International comparisons of nominal and real 
construction labour productivity. Engineering, Construction Architectural Management, 25(7), 
896-915. doi:10.1108/ECAM-12-2016-0255 

Da Rocha, C., Tezel, A., Talebi, S., & Koskela, L. (2018). Product modularity, tolerance management, 
and visual management: Potential synergies. Paper presented at the 26th Annual Conference 
of the International Group for Lean Construction, Chennai, India, Chenai, India. 
https://pure.hud.ac.uk/en/publications/product-modularity-tolerance-management-and-
visual-management-pot . Last Access: 23/09/2021 

Denzer, M., Muenzl, N., Sonnabend, F. A., & Haghsheno, S. (2015). Analysis of definitions and 
quantification of waste in construction. Paper presented at the 23rd Annual Conference of the 
International Group for Lean Construction, Perth, Australia. 
https://www.iglc.net/papers/details/1170. Last Access: 22/09/2021 

Eisenhardt, K. M. (1989). Building theories from case study research. Academy of Management 
Review, 14(4), 532-550. doi:10.2307/258557 

El-Gohary, K. M., & Aziz, R. F. (2014). Factors Influencing Construction Labor Productivity in Egypt. 
Journal of Management In Engineering, 30(1), 1-9. doi:10.1061/(ASCE)ME.1943-
5479.0000168 

Elghaish, F., & Abrishami, S. (2020). Developing a framework to revolutionise the 4D BIM process: IPD-
based solution. Construction Innovation, 20(3), 401-420. doi:10.1108/CI-11-2019-0127 

Elghaish, F., Abrishami, S., Hosseini, M. R., & Abu-Samra, S. (2020a). Revolutionising cost structure for 
integrated project delivery: a BIM-based solution. Engineering, Construction Architectural 
Management, 28(4), 1214-1240. doi:10.1108/ECAM-04-2019-0222 

Elghaish, F., Matarneh, S., Talebi, S., Kagioglou, M., Hosseini, M. R., & Abrishami, S. (2020b). Toward 
digitalization in the construction industry with immersive and drones technologies: a critical 
literature review. Smart Sustainable Built Environment. doi:10.1108/SASBE-06-2020-0077 

Enshassi, A., Mohamed, S., Mustafa, Z. A., & Mayer, P. E. (2007). Factors affecting labour productivity 
in building projects in the Gaza Strip. Journal Of Civil Engineering Management, 13(4), 245-
254. doi:10.3846/13923730.2007.9636444 

Fellows, R. F., & Liu, A. M. (2015). Research methods for construction: John Wiley & Sons. ISBN: 
1118915747 

Formoso, C., Bølviken, T., Rooke, J., & Koskela, L. (2015). A conceptual framework for the prescriptive 
causal analysis of construction waste. Paper presented at the 23rd Annual Conference of the 

https://pure.qub.ac.uk/en/publications/the-value-of-non-value-adding-activity
https://pure.qub.ac.uk/en/publications/the-value-of-non-value-adding-activity
https://www.iglc.net/papers/details/1170


   
 

   
 

International Group for Lean Construction, Perth, Australia. 
http://eprints.hud.ac.uk/id/eprint/25399/.  Last Access: 25/09/2021 

Formoso, C. T., Isatto, E. L., & Hirota, E. H. (1999). Method for waste control in the building industry. 
Paper presented at the 7th Annual Conference of the International Group for Lean 
Construction, Berkeley, California, USA. https://iglc.net/Papers/Details/69. Last Access: 
26/09/2021. 

Formoso, C. T., Sommer, L., Koskela, L., & Isatto, E. L. (2011). An exploratory study on the measurement 
and analysis of making-do in construction sites. Paper presented at the 19th Annual 
Conference of the International Group for Lean Construction, Lima, Peru. 
https://www.semanticscholar.org/paper/An-Exploratory-Study-on-the-Measurement-and-
of-in-Formoso-Sommer/b4c1cbfdaa442d6c5c160cbbf5406fb0288a6b50. Last Access: 
29/09/2021.  

Ganesan, S. (1984). Construction productivity. Habitat International, 8(3-4), 29-42. doi:10.1016/0197-
3975(84)90041-9 

Garas, G. L., Anis, A. R., & El Gammal, A. (2001). Materials waste in the Egyptian construction industry. 
Paper presented at the 9th Annual Conference of the International Group for Lean 
Construction, Singapore, Singapore. 
https://www.researchgate.net/publication/242084699_MATERIALS_WASTE_IN_THE_EGYPT
IAN_CONSTRUCTION_INDUSTRY.  Last Access: 27/09/2021 

Ghoddousi, P., Alizadeh, B. T., Hosseini, M. R., & Chileshe, N. (2014). Implementing the international 
benchmarking labour productivity theoretical model: The case of Iranian construction 
projects. Benchmarking: An International Journal, 21(16), 1041-1061. doi:10.1108/BIJ-04-
2012-0029 

Ghoddousi, P., & Hosseini, M. R. (2012). A survey of the factors affecting the productivity of 
construction projects in Iran. Technological Economic Development of Economy, 18(1), 99-
116. doi:10.3846/20294913.2012.661203 

Ghoddousi, P., Poorafshar, O., Chileshe, N., & Hosseini, M. R. (2015). Labour productivity in Iranian 
construction projects: Perceptions of chief executive officers. International Journal of 
Productivity Performance Management, 64(6), 811-830. doi:10.1108/IJPPM-10-2013-0169 

Goulding, J. S., & Rahimian, F. P. (2012). Industry preparedness: advanced learning paradigms for 
exploitation. In J. S. G. Akintola Akintoy, Girma Zawdie (Ed.), Construction Innovation Process 
Improvement (pp. 409-433): Wiley. doi:10.1002/9781118280294.ch18 

Green, S. D., & May, S. C. (2005). Lean construction: arenas of enactment, models of diffusion and the 
meaning of ‘leanness’. Building Research Information, 33(6), 498-511. 
doi:10.1080/09613210500285106 

Hajikazemi, S., Andersen, B., & Langlo, J. A. (2017). Analyzing electrical installation labor productivity 
through work sampling. International Journal of Productivity Performance Management, 
66(4), 539-553. doi:10.1108/IJPPM-06-2016-0122 

Hamza, M., Shahid, S., Bin Hainin, M. R., & Nashwan, M. S. (2019). Construction labour productivity: 
review of factors identified. International journal of construction management, 1-13. 
doi:10.1108/BIJ-11-2016-0171 

Hasan, A., Baroudi, B., Elmualim, A., & Rameezdeen, R. (2018). Factors affecting construction 
productivity: a 30 year systematic review. Engineering, Construction and Architectural 
Management, 25(7), 916-937. doi:10.1108/ECAM-02-2017-0035 

Haugbølle, K., Larsen, J. N., & Nielsen, J. (2019). Construction productivity revisited: towards 
measuring performance of construction output. Engineering, Construction and Architectural 
Management, 26(5), 794-813. doi:10.1108/ECAM-03-2018-0094 

Hines, P., & Rich, N. (1997). The seven value stream mapping tools. International Journal of Operations 
Production Management, 17(1), 46-64. doi:10.1108/01443579710157989 

http://eprints.hud.ac.uk/id/eprint/25399/
https://iglc.net/Papers/Details/69
https://www.semanticscholar.org/paper/An-Exploratory-Study-on-the-Measurement-and-of-in-Formoso-Sommer/b4c1cbfdaa442d6c5c160cbbf5406fb0288a6b50
https://www.semanticscholar.org/paper/An-Exploratory-Study-on-the-Measurement-and-of-in-Formoso-Sommer/b4c1cbfdaa442d6c5c160cbbf5406fb0288a6b50
https://www.researchgate.net/publication/242084699_MATERIALS_WASTE_IN_THE_EGYPTIAN_CONSTRUCTION_INDUSTRY
https://www.researchgate.net/publication/242084699_MATERIALS_WASTE_IN_THE_EGYPTIAN_CONSTRUCTION_INDUSTRY


   
 

   
 

Hiyassat, M. A., Hiyari, M. A., & Sweis, G. J. (2016). Factors affecting construction labour productivity: 
a case study of Jordan. International journal of construction management, 16(2), 138-149. 
doi:10.1080/15623599.2016.1142266 

Hwang, S., & Lee, S. (2017). Wristband-type wearable health devices to measure construction workers' 
physical demands. Automation in Construction, 83, 330-340. 
doi:10.1016/j.autcon.2017.06.003 

Jarkas, A. M., & Bitar, C. G. (2012). Factors Affecting Construction Labor Productivity in Kuwait. Journal 
of Construction Engineering and Management, 138(7), 811-820. doi:10.1061/(ASCE)CO.1943-
7862.0000501 

Javed, A. A., Pan, W., Chen, L., & Zhan, W. (2018). A systemic exploration of drivers for and constraints 
on construction productivity enhancement. Built Environment Project and Asset 
Management, 8(3), 239-252. doi:10.1108/BEPAM-10-2017-0099 

Josephson, P.-E., & Björkman, L. (2013). Why do work sampling studies in construction? The case of 
plumbing work in Scandinavia. Engineering, Construction Architectural Management, 20(6), 
589-603. doi:10.1108/ECAM-12-2011-0108 

Knight, A., & Ruddock, L. (2009). Advanced research methods in the built environment: Wiley-
blackwell. ISBN: 13: 978-1405161107 

Kolo, S. J., Rahimian, F. P., & Goulding, J. S. (2014). Offsite manufacturing construction: a big 
opportunity for housing delivery in Nigeria. Procedia Engineering, 85, 319-327. 
doi:10.1016/j.proeng.2014.10.557 

Koskela, L. (1992). Application of the new production philosophy to construction.  
https://leanconstruction.org/uploads/wp/media/docs/Koskela-TR72.pdf . Last Access: 
26/09/2021.  

Koskela, L. (2004). Making-do—The eighth category of waste. Paper presented at the 12th Annual 
Conference of the International Group for Lean Construction, Helsingør, Denmark. 
http://usir.salford.ac.uk/id/eprint/9386/#:~:text=Making%2Ddo%20as%20a%20waste,one%
20standard%20input%20has%20ceased.&text=However%2C%20both%20forms%20of%20w
aste,impacts%20of%20variability%20in%20production.  Last Access: 26/09/2021.  

Koskela, L., Bølviken, T., & Rooke, J. (2013). Which are the wastes of construction? Paper presented at 
the 21st Annual Conference of the International Group for Lean Construction, Fortaleza, 
Brazil. https://www.iglc.net/papers/details/919 . Last Access: 28/09/2021 

Koskenvesa, A., Koskela, L., Tolonen, T., & Sahlsted, S. (2010). Waste and labor productivity in 
production planning case Finnish construction industry. Paper presented at the 18th Annual 
Conference of the International Group for Lean Construction, Haifa, Israel. 
https://pure.hud.ac.uk/en/publications/waste-and-labor-productivity-in-production-
planning-case-finnish-. Last Access: 29/09/2021 

Li, Y., Lin, J., Cui, Z., Wang, C., & Li, G. (2019). Workforce productivity evaluation of the US construction 
industry from 2006 to 2016. Engineering, Construction Architectural Management, 28(1), 55-
81. doi:10.1108/ECAM-07-2019-0366 

Liker, J. (2004). The Toyota way: 14 management principles from the world's greatest manufacturer. 
New York, USA: McGraw-Hill Education. ISBN: 0071392319 

Mike Betts, G. R., Charles Burton, Jeremy Leonard, Amit Sharda, Toby Whittington. (2015). Global 
construction 2030 : a global forecast for the construction industry to 2030. London, United 
Kingdom. https://www.econbiz.de/Record/global-construction-2030-a-global-forecast-for-
the-construction-industry-to-2030-betts-mike/10011724160.  Last Access: 22/09/2021 

Miron, L., Talebi, S., Koskela, L., & Tezel, B. (2016). Evaluation of continuous improvement 
programmes. Paper presented at the 24th Annual Conference of the International Group for 
Lean Construction, Boston, MA, USA. 
https://iglcstorage.blob.core.windows.net/papers/attachment-01ca3f05-976b-4832-a0c4-
859fe74d82ef.pdf. Last Access: 23/09/2021.  

https://pure.hud.ac.uk/en/publications/waste-and-labor-productivity-in-production-planning-case-finnish-
https://pure.hud.ac.uk/en/publications/waste-and-labor-productivity-in-production-planning-case-finnish-
https://www.econbiz.de/Record/global-construction-2030-a-global-forecast-for-the-construction-industry-to-2030-betts-mike/10011724160
https://www.econbiz.de/Record/global-construction-2030-a-global-forecast-for-the-construction-industry-to-2030-betts-mike/10011724160
https://iglcstorage.blob.core.windows.net/papers/attachment-01ca3f05-976b-4832-a0c4-859fe74d82ef.pdf
https://iglcstorage.blob.core.windows.net/papers/attachment-01ca3f05-976b-4832-a0c4-859fe74d82ef.pdf


   
 

   
 

Monden, Y. (2011). Toyota production system: an integrated approach to just-in-time. USA: 
Productivity Press. ISBN: 146650451X 

Moohialdin, A. S. M., Lamari, F., Miska, M., & Trigunarsyah, B. (2019). Construction worker 
productivity in hot and humid weather conditions: A review of measurement methods at task, 
crew and project levels. Engineering, Construction Architectural Management, 27(1), 83-108. 
doi:10.1108/ECAM-05-2018-0191 

Mwanza, B. G., & Mbohwa, C. (2016). Application of work study for productivity improvement: a case 
study of a brewing company. Paper presented at the International Conference on Industrial 
Engineering and Operations Management, Kuala Lumpur, Malaysia. 
https://www.semanticscholar.org/paper/Application-of-Work-Study-for-Productivity-A-
Case-a-Mwanza-Mbohwa/75af9198a680638d0dd7c1286c32ee15788c1b51 . Last Access: 
27/09/2021.  

Nasirzadeh, F., Ghayoumian, M., Khanzadi, M., & Rostamnezhad Cherati, M. (2020). Modelling the 
social dimension of sustainable development using fuzzy cognitive maps. International journal 
of construction management, 20(3), 223-236. doi:10.1080/15623599.2018.1484847 

Nikakhtar, A., Hosseini, A. A., Wong, K. Y., & Zavichi, A. (2015). Application of lean construction 
principles to reduce construction process waste using computer simulation: a case study. 
International Journal of Services Operations Management, 20(4), 461-480. 
doi:10.1504/IJSOM.2015.068528 

Nikmehr, B., Hosseini, M. R., Rameezdeen, R., Chileshe, N., Ghoddousi, P., & Arashpour, M. (2017). An 
integrated model for factors affecting construction and demolition waste management in 
Iran. Engineering, Construction Architectural Management, 24(6), 1246-1268. 
doi:10.1108/ECAM-01-2016-0015 

O'leary, Z. (2004). The essential guide to doing research: SAGE Publications Ltd. ISBN: 0761941991 
Ohno, T., & Bodek, N. (2019). Toyota production system: beyond large-scale production. USA: 

Productivity press. ISBN: 0429273010 
Orth, D. L., Welty, S., & Jenkins, J. J. (2006). Analyzing labor productivity through work sampling. Paper 

presented at the 42nd Annual Conference of the Associated Schools of Construction (ASC), 
Colorado, USA. 
http://ascpro0.ascweb.org/archives/cd/2006/2006pro/2006/CPRT21_Orth06_5800.htm.  
Last Access: 25/09/2021 

Rad, K. G., & Kim, S.-Y. (2018). Factors affecting construction labor productivity: Iran case study. 
Iranian Journal of Science Technology, Transactions of Civil Engineering, 42(2), 165-180. 
doi:10.1007/s40996-018-0095-2 

Rahimian, F. P., Ibrahim, R., & Baharudin, M. N. (2008). Using IT/ICT as a new medium toward 
implementation of interactive architectural communication cultures. Paper presented at the 
2008 International Symposium on Information Technology, Kuala Lumpur, Malaysia. 
https://ieeexplore.ieee.org/document/4631984.  Last Access: 25/09/2021 

Ramaswamy, K., & Kalidindi, S. N. (2009). Waste in Indian building construction projects. Paper 
presented at the 17th Annual Conference of the International Group for Lean Construction, 
Taipei, Taiwan. 
http://www.ppml.url.tw/IGLC_17/abstracts/01_045_WASTE%20IN%20INDIAN%20BUILDING
%20CONSTRUCTION%20PROJECTS_p3_p14.pdf . Last Access: 27/09/2021 

Robinson, M. A. (2010). Work sampling: Methodological advances and new applications. Human 
Factors Ergonomics in Manufacturing Service Industries, 20(1), 42-60. doi:10.1002/hfm.20186 

Rosenfeld, Y. (2014). Root-cause analysis of construction-cost overruns. Journal of construction 
engineering management, 140(1), P 04013039. doi:10.1061/(ASCE)CO.1943-7862.0000789 

Satchi, M., & Temple, J. (2009). Labor markets and productivity in developing countries. Review of 
Economic dynamics, 12(1), 183-204. doi:10.1016/j.red.2008.09.001 

Saunders, M., Lewis, P., & Thornhill, A. (2016). Research Methods For Business Students (Vol. 53): 
Pearson. ISBN: 1292016620 

http://ascpro0.ascweb.org/archives/cd/2006/2006pro/2006/CPRT21_Orth06_5800.htm
https://ieeexplore.ieee.org/document/4631984


   
 

   
 

Senaratne, S., & Wijesiri, D. (2008). Lean Construction as a Strategic Option: Testing its Suitability and 
Acceptability in Sri Lanka. Lean Construction Journal, 2008, 34-48. 
https://leanconstruction.org/uploads/wp/media/docs/ktll-add-
read/Lean_Construction_as_a_Strategic_Option_Testing_its_Suitability_and_Acceptability_i
n_Sri_Lanka.pdf. Last access: 22/09/2021 

Seyedzadeh, S., Rahimian, F. P., Glesk, I., & Kakaee, M. H. (2017). Variable weight spectral amplitude 
coding for multiservice OCDMA networks. Optical Fiber Technology, 37, 53-60. 
doi:10.1016/j.yofte.2017.07.002 

Sheikhkhoshkar, M., Rahimian, F. P., Kaveh, M. H., Hosseini, M. R., & Edwards, D. J. (2019). Automated 
planning of concrete joint layouts with 4D-BIM. Automation in Construction, 107. 
doi:10.1016/j.autcon.2019.102943 

Shingo, S. (1988). Non-stock production: the Shingo system of continuous improvement. United 
Kingdom: Taylor & Francis. ISBN: 0915299305 

Shou, W., Wang, J., Wu, P., & Wang, X. (2020). Value adding and non-value adding activities in 
turnaround maintenance process: classification, validation, and benefits. Production Planning 
Control, 31(1), 60-77. doi:10.1080/09537287.2019.1629038 

Strandberg, J., & Josephson, P.-E. (2005). What do construction workers do? Direct observations in 
housing projects. Paper presented at the 11th Joint CIB International Symposium Combining 
Forces, Advancing Facilities Management and Construction through Innovation, Helsinki, 
Finland. https://research.chalmers.se/en/publication/21231 . Last Access: 24/09/2021. 

Sutrisno, A., Vanany, I., Gunawan, I., & Asjad, M. (2018). Lean waste classification model to support 
the sustainable operational practice. Paper presented at the International Conference on 
Industrial and System Engineering, IOP Conference Series: Materials Science and Engineering, 
Bali, Indonesia. https://iopscience.iop.org/article/10.1088/1757-899X/337/1/012067. Last 
Access: 28/09/2021. 

Talebi, S. (2014). Rethinking the project development process through use of BIM. Paper presented at 
the 2nd BIM International Conference on Challenges to Overcome, Lisbon, Portugal. 
https://usir.salford.ac.uk/id/eprint/32276/3/Rethinking_v04.pdf:public. Last Access: 
23/09/2021.  

Talebi, S. (2019). Improvement of dimensional tolerance management in construction. University of 
Huddersfield. http://eprints.hud.ac.uk/id/eprint/35070/. Last access: 24/09/2021. 

Talebi, S., Koskela, L., Tzortzopoulos, P., & Kagioglou, M. (2020). Tolerance management in 
construction: A conceptual framework. Sustainability, 12(3), 1039. doi:10.3390/su12031039 

Tran, V., & Tookey, J. (2011). Labour productivity in the New Zealand construction industry: A 
thorough investigation. Australasian Journal of Construction Economics Building, 11(1), 41-60. 
doi:10.5130/ajceb.v11i1.1841 

Vrijhoef, R., & Koskela, L. (2000). The four roles of supply chain management in construction. European 
Journal of Purchasing Supply Management, 6(3-4), 169-178. doi:10.1016/S0969-
7012(00)00013-7 

Womack James P, J. D. T. (1997). Lean thinking: Banish waste and create wealth in your corporation 
(Vol. 8): Free Press. ISBN: 0743249275 

Ye, G., Jin, Z., Xia, B., & Skitmore, M. (2015). Analyzing Causes for Reworks in Construction Projects in 
China. Journal of Management In Engineering, 31(6), 04014097. doi:10.1061/(ASCE)ME.1943-
5479.0000347 

Yin, R. K. (2013). Case Study Research: Design and Methods (International Student Edition). London, 
United Kingdom: SAGE Publications, Inc. ISBN: 0761925538 

Zakeri, M., Olomolaiye, P. O., Holt, G. D., & Harris, F. C. (1996). A survey of constraints on Iranian 
construction operatives' productivity. Construction Management Economics, 14(5), 417-426. 
doi:10.1080/014461996373287 

 

https://leanconstruction.org/uploads/wp/media/docs/ktll-add-read/Lean_Construction_as_a_Strategic_Option_Testing_its_Suitability_and_Acceptability_in_Sri_Lanka.pdf
https://leanconstruction.org/uploads/wp/media/docs/ktll-add-read/Lean_Construction_as_a_Strategic_Option_Testing_its_Suitability_and_Acceptability_in_Sri_Lanka.pdf
https://leanconstruction.org/uploads/wp/media/docs/ktll-add-read/Lean_Construction_as_a_Strategic_Option_Testing_its_Suitability_and_Acceptability_in_Sri_Lanka.pdf
https://iopscience.iop.org/article/10.1088/1757-899X/337/1/012067
https://usir.salford.ac.uk/id/eprint/32276/3/Rethinking_v04.pdf:public
http://eprints.hud.ac.uk/id/eprint/35070/

