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ABSTRACT 

Purpose: This study establishes how waste minimisation arising from variation orders 
can be achieved through lean and agile thinking. Methodology: A literature review 
focused on exploring the definitions of lean and agile principles and their merits vis-à-vis 
the reduction of waste from variation orders. Closed-ended questions were presented to a 
purposive sample of registered project managers in South Africa. Statistical data were 
analysed using the SPSS package. Findings: The study identified that lean and agile 
managerial principles of waste reduction were compromised. Loopholes in applying lean 
principles included the ambiguous briefing of the scope of works and incomplete 
contractual documents before construction commenced on site. Hindrances in applying 
agile principles included slow decision and communication to incorporate variation 
orders into a schedule of works. Findings suggest that the adoption of lean and agile 
principles would reduce waste. Research limitations/implications: The convenience 
sample comprised registered project managers. A stratified sample including other 
professional competencies in the construction industry would possibly have generated 
more insight on the subject matter. Practical implications: The study increases the 
awareness of theoretical waste reduction principles that contribute to the prevention of 
variation orders and their optimum administration. Originality/value: The study explores 
lean and agile approaches which if adopted would reduce non-value adding activities and 
consequently the reduction of overall construction delivery costs.  
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1. INTRODUCTION 

 
Several management principles for waste reduction used in manufacturing have 

potential use in construction; typically these are lean and agile principles. Lean 
manufacturing also referred to as Just-In-Time (JIT) approach is a method of advancing 
work from one process to another (Ballard and Howell, 1995). Its objective is to 
maximize value and minimize waste. Allen (2000) defined lean manufacturing as a 
systems approach where each phase builds upon the previous one, anchoring the system 
as a whole. Leadership, technical components and value-adding activity must be 
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balanced, blended and synchronized (Allen, 2000). Similarly, Howell (1999) indicated 
that lean construction has the goal of better meeting customer needs while using lesser 
resources. Construction works are scheduled in a manner of a supply chain and waste is 
eliminated from the whole value stream. The agile approach involves being able to 
respond quickly and effectively to the current configuration of market demand (Brown 
and Bessant, 2003). The agility principle recognizes that change is inevitable during a 
construction project and therefore embraces it as an opportunity for enhancing customer-
perceived value (Owen, Koskela, Henrich and Codinhoto, 2006). 
 

While lean manufacturing successfully achieves its objective through a streamlined 
and continuously running process, lean construction suffers the interruption of the flow of 
activities along the critical path partly due to variations. In construction terms, 
interruptions could be variation orders that are integrated within the schedule of works 
and executed. A study of the impact of variation orders on project performance revealed 
that most variation orders were beneficial rather than being detrimental (Ndihokubwayo, 
2008). Beneficial variation orders improved the value of the project while detrimental 
variation orders compromised it. However, no matter how beneficial a variation order 
was, some waste accrued as a result (Ndihokubwayo, 2008). Waste is a result of non 
value-adding activities that consume resources without adding value to the project. Non 
value-adding activities included demolition and alteration of aborted works due to 
variation orders. Arguably, the occurrence of variation orders should have been prevented 
if the situations yielding abortion of executed works was addressed in advance. Where 
the interruption of works occurred, waste elimination would be still achievable through 
applying agile principles. According to Chen, Reichard, and Baliveau (2007) agility aims 
at promoting a better understanding of project complexity through decomposition and 
emphasizes the adaptability of a project system to ever changing environments. Brown 
and Bessant (2003) identified that the agility management approach hinged around 
questions such as what, when, how, where and who. Arguably, the incorporation of a 
variation order within a schedule of works is seen as agile since a number of questions 
will have to be answered prior to its execution. For example, the execution of a variation 
order requires knowledge of involved trades and works (what), a convenient time (when) 
to start works, required technical skills, materials and equipment (how), the location 
(where) and parties affected (who) by the ordered change. 
 

Various authors intimate that variation orders are common to all types of projects 
(Thomas, Horman, De Souza, and Zavřski, 2002; Oladapo, 2007). Ssegawa, Mfolwe, 
Makuke, and Kutua (2002) asserted that the presence of variation clauses in contracts 
amounts to admitting that no project can be completed without changes. Currently, the 
South African construction industry is experiencing a boom. While existing infrastructure 
and buildings are being upgraded the backlog in housing and infrastructure delivery, the 
deficit of skills, the high construction delivery costs and quality standards related 
problems are current challenges. There is also growing concern about rising construction 
delivery costs. Unfortunately, no extensive studies have been done to explore managerial 
principles that contribute to the reduction of waste throughout the project life cycle. The 
work presented in this paper explores the extent of preventive measures applied in the 
various construction stages to minimise variation orders. Arguably, the minimisation of 
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variation orders implies reduction of waste and subsequently a fall in construction 
delivery costs. The paper explores lean and agile paradigms. The problem explored by 
this study may be stated as “While variation orders in construction projects involve some 
waste, lean and agile managerial principles consisting of preventive measures at the 
preconstruction stage and the efficient administration of variation orders during the 
construction stage respectively would contribute to waste reduction.” The study objective 
are, namely (1) to investigate the extent to which lean principles are applied to prevent 
variation orders; and (2) to investigate to which extent agile principles are applied to 
efficiently administer variation orders.    
 
 
2. REDUCTION OF WASTE THROUGH LEAN AND AGILE THINKING 

 
Given a well-structured schedule of works, maximum project performance would be 

achieved if the work invariably flows smoothly within time limits and anticipated budget 
constraints. However, it is rare that projects perform precisely in line with their original 
schedule due to reasons such as, for example, business condition changes, delivery slips 
and corrections to design (Al-Hakim, 2005a,b). Consequently, changes are expected in 
the construction contract which must be incorporated into the project schedule. Typically, 
changes result in variation orders that occur during the construction stage. A variation 
order is any modification to the contractual terms of a project by the client or the client's 
representative (Arain and Pheng, 2005). Given that variation orders are expected to occur 
in most construction projects, a specific clause authorising variation orders is typically 
included in construction contracts. As a result, a variation order constitutes a formal 
decision to alter a previous one which affects the work or objectives of the other 
members of the project team (Bennett, 1985). Variation orders do not alter the contract as 
a whole but they become an addendum to the contract and integrated in time and work 
schedules.  

 
Given that there is waste associated with variation orders, lean construction achieves 

waste reduction by preventing variation orders. A variation order results in interruption of 
the original work schedule. Alwi, Hampson, and Mohamed (2002) noted that uncertain 
flow into the conversion process contributes to the expansion of non value-adding 
activities or waste. Thomas et al. (2002) suggested that a focus on reducing work 
variability may lead to improved work performance by increasing throughput. Bennett 
(1985) concluded that controlling and seeking to eliminate variation orders was an 
important part of construction project management. Koushki, Al-Rashid and Kartam 
(2005) revealed that clients who spent more time and money on the design phase issued 
less variation orders than those who allocated insufficient time and money on this phase. 
Ndihokubwayo (2008) suggested preventive measures to minimise the occurrence 
variation orders including inter alia:  

 
• Adequate planning in advance by all involved parties before work start on site; 
• Completion of working drawings and contract documents should be complete at 

tender stage; 
• Provision by the client of a clear brief of the scope of works;  
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•  Forecasting by all parties to anticipate unforeseen situations; 
• Consultation with consultants during the design stage; 
• Supervision of works by an experienced and dedicated supervisor; and 
• Obtaining accurate information and research regarding the procurement procedure, 

material and plant. 
 
Agile construction is concerned with minimising waste arising from a variation order. 

When a variation order is incorporated into a schedule of works waste minimisation is 
achieved if all involved parties are flexible enough to effectively deal with the changes. 
Formoso, Isatto and Hirota (1999) indicated that waste occurred as a result of the 
inefficient use of equipment, materials, labour and capital in larger quantities than 
considered necessary in the production of buildings. Harbans (2003) asserted that the 
valuation of variation orders while seen as an administrative step in remuneration of 
changes effected to the contract, is in reality a complex matter involving a thorough 
understanding of contractual provisions, costing principles and exercise of fair judgement 
on the part of the estimators. Thomas et al. (2002) suggested that flexibility in responding 
to variability could lead to improved performance by permitting rapid changes as needed. 
Flexibility in administering variation orders would involve efficiency in dealing with 
problems created as a result of variation orders. These problems include (Ndihokubwayo, 
2008): 
• Discrepancies between the amount claimed by the contractor and the one certified by 

the consultant; 
• Difficulties of determining the impact of variation orders on the project schedule and 

subsequent required time for extension; 
• Reluctance of clients to accept additional costs to compensate a variation order; 
• Different opinions on judgment or lack of understanding of variation order 

administration processes; 
• Late or no payment on variation orders; 
• Difficulties in understanding and agreement of the costs covered by a variation order; 
• Problems related to the availability of plant, experienced labour, quality and 

workmanship and 
• Conflicts and disputes between parties to the contract.  
  

While leanness requires elimination of all forms of waste including, for example, time 
and the implementation of a schedule, agility requires the use of market knowledge and a 
virtual incorporation to benefit from rapidly changing market conditions (Naylor, Naim, 
and Berry, 1999). Leanness is essentially concerned with the efficient use of resources 
through minimization of waste or non value-adding construction activities (Narasimhan, 
Swink, and Kim, 2006). Agility has the ability to respond to sudden changes and meet 
widely varied customer requirements in terms of price, specification, quality, quantity 
and delivery (Prince and Kay, 2003).       
 
3. METHODOLOGY 
 
The literature review explores the definition of lean and agile principles vis-à-vis the 
occurrence of variation orders. A purposive sampling technique was adopted whereby all 
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registered construction project managers in South Africa were contacted by e-mail. They 
were targeted because they were involved in construction projects through all phases of 
projects, namely from inception through completion. A quantitative methodological 
approach was used whereby closed-ended question were posed. Responses to closed-
ended questions were captured using SPSS (Statistical Package for Social Scientists) and 
subsequently analysed. Internal consistency reliability was determined for scaled 
questions. Inter-item reliability is relevant for measures which consist of more than one 
item and assesses the degree of consistency among the items on a scale (Fellows and Liu 
2008). Pallant (2005) suggested that Cronbach’s alpha coefficient of scale for reliable 
results should be equal or greater than 0.7.  
 
 
4. FINDINGS 
 
4.1. Research participation 
 
 A questionnaire was e-mailed to all registered project managers using a list obtained 
from register of project managers in South Africa. Of 192 e-mails sent, 36 were not 
delivered suggesting that either the email addresses were incorrect or the mailboxes were 
full. Of 156 e-mails delivered to respondents, 28 (17.9%) respondents duly completed 
and returned the attached questionnaires. Due to the limited time frame to complete the 
study, this low rate was deemed acceptable for the purposes of the study. All respondents 
had been involved in administration of variation orders. The Cronbach’s alpha coefficient 
of reliability was 0.9, suggesting that the responses to scaled questions or statements were 
reliable. 
 
Table 1 Companies of respondents 
Company N % 
Project manager 19 67.9 
Main contractor 3 10.7 
Developer 3 10.7 
Architect 2 7.1 
Consulting engineering 1 3.6 
Total 28 100.0 
 
Table 2 Position of respondents 
Position N % 
Project manager 7 25.9 
Director 7 25.9 
Managing director 6 22.2 
CEO 2 7.4 
Owner 2 7.4 
Bid & Risk manager 1 3.7 
Construction manager 1 3.7 
Estimator 1 3.7 
Total  27 100.0 
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From Table 1, it is evident that respondents were project managers (67.9%), main 
contractors (10.7%), developers (10.7%), architects (7.1%), and consulting engineers 
(3.6%). 
 
Table 2 shows that respondents were employed as directors (25.9%), project managers 
(25.9%), managing directors (22.2%), chief executive officers (7.4%), owners (7.4%), bid 
and risk managers (3.7%), construction managers (3.7%), and estimators (3.7%).  
 
Table 3 shows that the experience of respondents in the construction industry ranged 
from 5 years to 50 years. The median length of experience in construction industry was 
25 years. While respondents had been at their present companies for periods ranging from 
2.5 years to 30 years, the median length of time they had worked there was 5 years. Their 
experience in their present positions ranged from 1 year to 30 years. Their median 
experience was 5 years. 
  
Table 3 Experience of respondents 
 Experience (years) of respondents 

 in construction  in their companies in their positions
Minimum 5 2.5 1
Median 25 5 5
Maximum 50 30 30
 
 
4.2 Findings and discussions 
 
4.2.1 Reasons for variation orders 

 
There are several reasons influencing the occurrence of variation orders. Table 4 

shows the responses of participants to statements on reasons for variation orders on a 5 
point Likert scale where  Strongly disagree = 1; Disagree = 2; Neutral = 3; Agree = 4; 
and Strongly agree = 5. Most respondents agreed that clients provided unclear and 
ambiguous briefs of the scope of works (mean = 4.2), there was a lack of closer 
consultant coordination at design stage (mean = 4.1) and designers did not produce 
complete working and contract drawings at the tender stage (mean = 4.1).  
 

Evidently, there were many variation orders on construction projects in South African 
suggesting a lack of the use of lean principles. Clients provided ambiguous briefs of the 
scope of works. Designers produced incomplete working drawings. Unlike traditional 
procurement methods where construction would start when all plans were complete, the 
trend is increasingly for fast track contracts. Arguably, clients seek shorter pre-
construction times resulting in designers not producing complete drawings at the tender 
or bid stage. This situation almost inevitably results in variations with resultant waste. 
Arguably, if preventive measures had been taken at the pre-construction project phases, 
the occurrence of variation orders could potentially have been minimised.  
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Table 4 Reasons for variation orders 

Reason N 1 
% 

2 
% 

3 
% 

4 
% 

5 
% M

ea
n 

SD
 

R
an

k 

Client providing unclear and 
ambiguous brief of the scope of 
works 

28 0.0 7.1 7.1 42.9 42.9 4.2 0.9 1 

The lack of closer consultant 
coordination at design stage 28 0.0 3.6 7.1 60.7 28.6 4.1 0.7 2 

Designers not producing complete 
working and contract drawings at 
tender stage 

28 0.0 10.7 10.7 35.7 42.9 4.1 1.0 3 

Any changes not being properly 
communicated to all affected 
parties 

28 0.0 3.6 14.3 60.7 21.4 4.0 0.7 4 

Inadequate time spent on the pre-
tender planning phase  28 0.0 10.7 14.3 35.7 39.3 4.0 1.0 5 

Parties to the contract failing to 
forecast unforeseen situations  28 0.0 7.1 17.9 57.1 17.9 3.9 0.8 6 

Works not undertaken by a 
technically knowledgeable 
contractor who can foresee and 
timeously report any probable 
changes 

27 0.0 7.4 18.5 55.6 18.5 3.9 0.8 6 

Parties to the contract not being 
proactive all times 28 0.0 14.3 17.9 35.7 32.1 3.9 1.0 8 

Project team members working in 
isolation 27 3.7 18.5 7.4 51.9 18.5 3.6 1.1 9 

A poorly documented selection of 
an appropriate procurement 
method 

27 0.0 18.5 25.9 48.1 7.4 3.4 0.9 10 

Inaccurate information regarding 
the availability of materials  27 3.7 18.5 37.0 29.6 11.1 3.2 1.0 11 

Inaccurate information regarding 
the availability of plant 27 7.4 25.9 37.0 22.2 7.4 3.0 1.1 12 

 
 
4.2.2 Situations leading to problems when administering variation orders 

 
There are problems encountered with when administering variation orders. Table 4.3 

shows the responses of participants to statements on situations that lead to problematic 
administration of variation orders on a 5 point Likert scale where Strongly disagree = 1; 
Disagree = 2; Neutral = 3; Agree = 4; and Strongly agree = 5. Among other reasons, most 
respondents agreed delays were experienced due to lack of timely decisions about 
approval of ordered changes (mean = 4.2), lack of clear communication about cost 
implications of a variation order to affected parties (mean = 4.1) and lack of common 
understanding of the process and contractual provisions for administration of variation 
orders (mean = 4.1. 
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Table 5 Situations leading to problems when administering variation orders 

Reason N 1 
% 

2 
% 

3 
% 

4 
% 

5 
% M

ea
n 

SD
 

R
an

k 

Delays due to lack of timeous decisions 
about approval of ordered changes  28 0.0 3.6 3.6 53.6 39.3 4.2 0.7 1 

Lack of communication about cost 
implications of a variation order to 
affected parties 

28 0.0 0.0 17.9 46.4 32.1 4.1 0.8 2 

Lack of common understanding of the 
process and contractual provisions for 
administration of variation orders 

28 0.0 10.7 3.6 53.6 32.1 4.1 0.9 3 

Inefficiency of flow of information 
among parties to the contract  28 0.0 7.1 25.0 53.6 14.3 3.8 0.8 4 

Variation orders are not optimally dealt 
with because of the lack of an 
experienced supervisor  

28 3.6 10.7 10.7 64.3 10.7 3.7 1.0 5 

Discrepancies between the amount 
claimed by the contractor and the one 
certified by a consultant  

28 3.6 25.0 10.7 42.9 17.9 3.5 1.2 6 

The lack of a standardised form of 
recording variation orders  28 3.6 25.0 10.7 46.4 14.3 3.4 1.1 7 

Variation orders are issued with little 
consideration of the availability of 
hands-on skills 

28 3.6 21.4 32.1 32.1 10.7 3.3 1.0 8 

Late payment to the contractor on 
charges of variation orders 28 0.0 21.4 39.3 28.6 10.7 3.3 1.0 8 

Variation orders are issued with little 
consideration of the availability of 
material 

28 3.6 21.4 35.7 32.1 7.1 3.2 1.0 10 

A variation order was carried out but 
incurred costs were not paid at all 28 7.1 28.6 14.3 35.7 14.3 3.2 1.2 11 

Variation orders are issued with little 
consideration of the availability of plant 27 7.4 18.5 44.4 25.9 3.7 3.0 1.0 12 

 
Unsurprisingly, there were delays in approval and finalization of variation orders. 

Impliedly, clients delayed approving changes despite being advised by designers to do so. 
The lack of communication about the cost implications of a variation order to affected 
parties or inefficient flow of information among parties to the contract and the lack of 
common understanding of the contractual   provisions for administering variation orders 
were dominant problems. Arguably, the delay in decision making and the lack of 
communication slowed down the integration of changes in the project schedule. Arguably 
the principles of agility were not considered.  It is obvious that there is a need to improve 
communication among all parties. Whenever a variation order is issued, questions of 
agility need to be considered: 

• Trades and works involved (what?);  
• Convenient time (when?) for starting works;  
• Required technical skills, materials and equipment (how?);  
• Location (where?); and  
• Parties affected (who?) by the ordered change.  
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Arguably, the more flexible the approach and attitudes of parties to the contract the easier 
to manage variation orders. The responses of participants suggest that variation orders 
were not being optimally dealt with due to lack of experience of works supervisors. 
Though the experience issue might be debatable, construction work should be overseen 
and managed by an experienced and knowledgeable supervisor who can forecast 
potential changes. Evidently, discrepancies existed between the sums claimed by the 
contractor and those certified for payment by clients. It is possible that designers and 
clients do not fully appreciate the basis used by contractors to cost variation orders.  
Given that there is no common standard form of recording and valuation of variations 
agreed upon all parties to the contract, a misunderstanding on the final sum is inevitable.  

 
 
5. CONCLUSIONS 
 

The study identified situations on projects that led to work interruptions. These 
included, for example, unclear briefing relative to the scope of works and incomplete 
contract documents. The findings also suggest that the construction industry needs to 
embrace lean managerial principles on a greater scale than at present. By looking for 
opportunities to apply these principles, the number of variation orders will reduce 
resulting in less waste. Typically, this achievement would be attributable to lean 
principles.  

 
Given that variation orders are expected on most construction projects, waste can be 

eliminated by solving problems with administering them. Efficient communication 
between all parties with regard to changes is encouraged. Apparently, the construction 
industry still faces problems related to the administration of variation orders. As a result 
the principles of agility are not considered and therefore compromised. Parties should be 
proactive at all times and flexible enough to accommodate changes and respond to these 
sudden changes by means of agility thinking.   
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