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To complete various types of finish works with higher quality in much 

less time, TACT, which was mostly used for high-rise buildings, has been 

adapted to meet the needs for systematic schedule management in 

construction sites. However, the effectiveness of adapting TACT has not been 

shown as expected due to the different perspectives on productivity from both 

general contractor and subcontractors based on unforeseen conditions 

according to the types of site. Furthermore, not enough theoretical 

backgrounds, empirical data, and systematic approaches to solve the 

fundamental problems caused by each participants’ different views on 

productivity has produced obstacles for establishing effective solutions. 
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Therefore, this research aims to analyze the main possible reasons for 

having different point of views regarding productivity among the various 

participants of construction sites using TACT based on literature review, site 

survey, and interviews. Also, a case study was conducted to propose 

obtainable productivity (OP) regression equation and productivity 

achievement ratio (PAR) with reduction factors (RFs) and actual productivity 

(AP) data from an actual construction site.  

The proposed outcome may assist general contractors converting output 

management with PPC to productivity management with actual data using 

PAR. On the other hand, subcontractors would be able to estimate theory-

based maximum productivity of construction sites with TACT by using OP. 

The PAR will enhance the communication between general and sub-

contractors for their decision making process. Finally, the main RFs derived 

from PAR could be used as essential keys for productivity management to 

increase the economical and operational effectiveness of the construction 

project. 

The CC value is implemented with regression equation from the OP 

computation process for participant’s limitation factors and coefficient of 

regression. Using the implementation, the priority of the productivity 

management factors was evaluated. 

The research founds the theoretically explanation for perspective 

variance from the TACT productivity participant’s aspects. Also, the TACT 



 

iii 

 

application cases were compared with traditional cases to demonstrate the 

impact of scheduling methodology on productivity efficiency. The continuous 

productivity measures on site will more accurately resolve OP and PAR 

values, managing the productivity from the participant’s perspectives. 

 

Keywords: TACT; Productivity; Productivity Influence Factor; 

Productivity Achievement Ratio; Productivity Indicator 

Student Number: 2008-30844 
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Chapter 1. Introduction 

 

1.1 Research Background 

 

Finish works are performed by a variety of companies, and the works are 

affected by various factors such as materials, labor, weather, and air condition, 

resulting in a complex production process. This kind of environment produced 

wasting times such as interference between the works, reworks, deferred 

works, and excess time for works. According to Kim (2003), 45% of the 

periods for the finish works are spent in doing nothing. Housing and Urban 

Statistics Manual published by Housing and Research Institute (2005) shows 

that apartments account for the largest amount of 87.3% of the 42.7% of the 

residential area in terms of building permit area. In addition, since there are 

many similar units on the same level in the apartments, it is considered that 

TACT schedule management of planning and managing repetitive works is 

efficient in apartments. 

 

Residential construction is a prime candidate for lean construction 

research, in both theoretical and applied research, for a number of reasons. 

First, it forms a major part of the construction industry in most countries 

(approximately 47% in the United States) (United States Census 2004). 

Second, cost and schedule overruns and rework are common (Josephson and 

Hammarlund 1999; Koushki et al. 2005). Third, construction management 

practices in residential construction are largely conventional, and traditional 
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critical path scheduling and work structuring practices are relatively inflexible 

(Ballard and Howell 2003). Predetermined and optimized construction 

schedules and centralized control structures result in significant and inevitable 

waste in projects where dynamic change is prevalent. 

 

TACT scheduling method is a process which continuous plans and 

management of the work flows determines the work areas with the same kind 

of jobs, uniting the resources and the work hours. The properties of TACT 

schedule management can be explained by the work continuance by specific 

works and work continuance of work space. Work continuance by specific 

works can improve productivity through learning effectiveness of the job, 

while the continuance of work space can make the work order. The work 

relations can be unilateral with less chance of problems, rapid response and 

anti-reoccurrence effects in case of problem occurred, leading to lesser spare 

time and waiting time. Previous studies suggest that there are limitations 

where specific application methods considering different relations between 

specialist works are not able to be suggested, due to the suggestion of 

application methods limited to single finish works of specialist ones and the 

construction of frameworks as well as the theoretical study for the application 

of TACT schedule management. To solve such problems, the introduction of 

TACT schedule management is needed since it plans and manages the 

correlations and order of works to be unilateral and repetitive. 
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1.2 Problem Description 

 

Compared to the generalized construction process, the application of 

TACT requires continuous communication, prior education due to the 

difficulty in finish works methodology, and adaptation time required by 

workers and managers. Also, the TACT application in Korea is only limited to 

office building sites, which results additional problems when applied to the 

apartment complex projects.  

 

The office buildings, which are constructed with large 1 surface, have a 

different characteristic than apartment complex, which has small multi- 

surfaces. Therefore, the labor force and materials have additional delay time 

due to the difference. Also, because of the Korean building characteristics, the 

critical path of finish works necessitates foamed concreate and plastering 

work which are considered as wet construction. This requires recuperation 

period which causes additional delay and decrease in material efficiency. 

 

When TACT is applied to the finish works, the general contractor pays 

additional direct cost due to method and material changes, which is greater 

than the cost reduction from usage of lift and tower crane. However, the 

indirect cost and business expenditure reduces due to durational reduction also 

reducing both the total construction cost and its efficiency (Shin 2009; Lee 

2014). Compared to the general contractor, the subcontractor, which is 

responsible for single construction activity, claims that the efficiency 
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decreases due to additional duration in single activity. Therefore, the general 

contractor produces the same output when applied TACT, while the total 

construction cost reduces and increases the efficiency compared to total input. 

In the other hand, the subcontractor claims inefficient productivity due to 

additional input in single construction activity.  

 

Labor productivity performance plays a key role in determining the 

financial success of a project (Liu and Ballard 2008), and productivity is a 

very important element in the process of construction project management 

especially with regards to the duration estimation of the construction activities 

(Al-Zwainy et al. 2013). Although subcontractors’ influence on-site 

productivity is critical (Hsieh 1998) since a huge proportion of work is 

conducted by subcontractors (Arditi and Chotibhong 2005), their perspective 

is almost completely absent from construction productivity literature 

(Loosemore 2014), and also on the construction site. 

 

If a new construction method is used including new management and 

scheduling method, it is applied to create non-traditional and irregular 

situations. Therefore, it increases the perception variance of productivity 

between general contractor and subcontractor. General contractor conducts 

scheduling management and planning on traditional ways, but the 

subcontractor’s, whom performs the activity, has different productivity 

performance. The gap between expected productivity and actual productivity 

can be perceived from different perspectives from the participants. The 
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solution or explanation of perspective variance on TACT productivity has 

limitations due to limited productivity data and analytic tools. 

 

 

1.3 Research Objectives and Scopes 

 

In order to address this issue, this study investigates the construction site 

which adopted TACT scheduling method for finish work, analyzes the current 

conditions and the recognition of each participant, and conducts the factors 

which imped the implication of TACT scheduling method to construction field. 

This study also analyzes the different viewpoints among participants on 

productivity, manages core productivity elements with productivity indicator, 

and provides basis for successful business of both general contractor and 

subcontractors with productivity analysis. 

 

The three primary objectives of this research are as follows: 

 

(1) For the successful TACT productivity management according to the 

participants, the productivity influence factor should be managed 

using quantitative and objective productivity indicator.   

 

(2) To establish a productivity analysis framework for describing the 

perception variance of TACT productivity between general 

contractor and subcontractors. 
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(3) Validate the framework with use of a case study. 

 

According to the research scope, in detail, the productivity in this study 

focuses the labor productivity on construction site. Among various 

participants of construction project, this study focuses on the general 

contractor and subcontractors. There are numerous types of finish work such 

as masonry work, plaster work, window work, waterproof work, tile 

installation, and etc. In case study, this dissertation only deals with masonry 

work of apartment complex project. 

 

 

1.4 Dissertation Outline 

 

This dissertation is organized into six chapters including the 

introduction, and a set of appendices containing support information and 

survey questionnaires. The outline of this research components and 

procedures are shown in Fig. 1.1. 

 

The dissertation begins with the introduction in Chapter 1, by 

presenting a brief overview of the context under which this research is 

conducted. The research background in regard to this research is provided, 

then the problem description, research objective, and research scope are 

provided. 
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Chapter 2 introduces TACT scheduling method for schedule 

management of the finishing work. First, the characteristics of the finishing 

works are listed. Then the concept of TACT scheduling method, and TACT 

applied case are shown. Lastly, the preliminary studies of TACT are 

described. 

 

In Chapter 3, this chapter presents productivity achievement indicator 

(PAR) as a productivity indicator. First, productivity and productivity 

management in construction project is described. Then the factors affecting 

productivity were devised to compute the productivity indicator and 

qualifications for productivity indicators. At last, PAR is provided as a 

productivity indicator used in TACT productivity analysis. Definition of 

PAR, terminology used in computing PAR, and the process of computing 

PAR is also described. 

 

In Chapter 4, perception variance of TACT productivity between 

general contractor and subcontractors are considered. For confirmation, 

productivity analysis framework using PAR is designed for theoretical proof. 

Based on the interview, the perception of general contractor and 

subcontractor is investigated when TACT is applied. With the interview, 

survey, and preliminary studies, perception variance of TACT productivity 

between general contractor and subcontractor is described. Then reduction 

factors are deducted for the TACT productivity analysis for OP and PAR 
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value calculation. 

 

In Chapter 5, the TACT productivity analysis framework using PAR 

suggested in chapter 4 is validated with the use of case study. For a case 

study, the RF value deducted from chapter 4.3 is deducted once more. The 

Delphi method uses the deducted RF value for computation of coefficient of 

controllability value. The calculated coefficient is used for OP and PAR 

value of each participant for discussion and analysis. 

 

Chapter 6 summarizes the study and describes the contributions of the 

completed research. Then, the limitations of this study and required future 

studies for continuation of the research are provided. 
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Figure 1.1. Dissertation Outline
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Chapter 2. TACT Scheduling Method 

 

2.1 Process Management of Finish Work 

 

The finish work is a process that is performed after the structural and 

foundations works. This includes masonry works, plaster works, window 

works, waterproof works, tile installations, and interior works, and is a crucial 

part with earthwork and structural framework in determining total 

construction process (Kim et al. 2003; Han 2002). In high-rise buildings, a 

different type of construction activity repeats according to the structural type, 

constructor, and the participant differentiating the process of finish works. 

Also the effect of previous activities, delays between the activities causes 

durational delays and decreases the productivity (Hwang 2002). The finish 

works have detailed activity and material types of various sizes. While lifting 

the materials for the finish works it will affect different activity, and cause 

various management errors (Lee 2014). 

 

The finish work has both the rigid and flexible process, which allows 

more flexible planning according to the general contractor or the site itself 

(Kim 2008). Despite, it requires detailed management and less certainty due 

to simultaneous activities that will cause interference between the activities. 

The Korean apartment complex requires additional finish work activities due 

to weather characteristics. The floor heating system requires wet activities 

including lightweight concrete placing and floor plastering, which is different 
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compared to the US finish works with more demanding and complicated 

process (Kim et al. 2011). The activity interference in finish works causes 

reworks, which also causes total construction delays. Therefore the 

interference during each of the finish work activity causes risk to the 

subcontractor (Lee 2001). It requires communication between the general 

contractor and the subcontractor to resolute efficient schedule or management. 

 

For the management of finish works bar chart, CPM(Critical Path 

Method), EVMS(Earned Value Management Systems), and LOB(Line of 

Balance) has been previously used. The management method has limitations 

such as inefficient complicated scheduling, time management, response 

failures, continuous activity management, and delayed time management 

(Shin 2009). 
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2.2 TACT Scheduling Method 

 

2.2.1 The Concept of TACT Scheduling Method 

Lean construction is maximizing the resource efficiency, changing the 

notion of construction production from transformation to flow. The act that 

occurs in between the process can be defined as value activity and non-value 

activities, ultimately to reduce the non-value activities and increase 

effectiveness (Koskela 1992). 

 

Residential construction is a prime candidate for lean construction 

research, both theoretical and applied, for a number of reasons (Sacks and 

Goldin 2007). First, it forms a major part of the construction industry in most 

countries. Second, cost and schedule overruns and rework are common 

(Josephson and Hammarlund 1999; Koushki et al. 2005). Third, construction 

management practices in residential construction are largely conventional, and 

traditional critical path scheduling and work structuring practices are 

relatively inflexible (Ballard and Howell 2003). Predetermined and optimized 

construction schedules and centralized control structures result in significant 

and inevitable waste in projects where dynamic change is prevalent. 

 

High-rise residential construction is typically characterized by repetitive 

cycles of activities performed consecutively on each floor with similar plans 

or in each zone of a housing complex. The line-of-balance method (Carr and 

Meyer 1974; Peer 1974) has traditionally been considered applicable, because 
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it ensures continuity of work for teams (Sacks and Goldin 2007). 

 

LOB methods has been commonly used for scheduling repetitive team 

works in high-rise residential buildings where repetitive scheduling cycle 

occurs with identical form of floor plans (Carr and Meyer 1974, Peer 1974, 

Sacks & Goldin 2007). 

 

In the past, the CPM based on bar charts and networking methods have 

been used in most Korean construction projects (Kim et al. 1996), but builders 

have had various difficulties in managing the work processes or repetitive 

works as well as shortening the waiting time by checking the interventions 

and problems among various activities. In addition, the finish work for the 

multi residential buildings in Korea is usually more demanding than that for 

U.S. housing. The builders need to set up air-conditioning, heating facilities, 

materials to prevent condensation and insulate walls due to seasonal factors 

such as the summer rainy season. The Ondol floor, a Korean traditional 

heating system under the floor, makes finish work more complicated 

compared to conventional finish work for U.S. homes with HVAC systems. 

Wet construction such as lightweight concrete placing and floor plastering are 

also necessary for finish work in Korea, so builders need to set up a different 

schedule in winter. Thus, during the variety of additional work in Korean 

high-rise residential buildings, several work trades are usually carried out 

simultaneously. However, interventions and conflicts among work trades 

often lead to 45% wasted time without any ongoing activity during the entire 
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period for finish work (Kim 2003). 

 

The TACT technique was introduced to increase efficiency, wasted time, 

and interventions among work trades to handle variety of issues more 

effectively. TACT originates from takt, which in German is defined as beat or 

measure. TACT therefore, is defined as improving the construction 

productivity efficiency with rhythmical continuous construction activity like a 

conductor in orchestra (Lee 2014). TACT scheduling method joints the 

notions of LOB, Value Stream analysis, and lean construction (Kim et al. 

2003). The method ultimately zeroes the waiting time between each 

construction activities by zoning the working area, standardizing the resource, 

and synchronizing the activity. 

 

The finish works with high uncertainty applies TACT with schedule 

standardization, which secures reliability and continuity, stability on labor 

management, and ability to improve productivity though managerial changes, 

quality, for durational reduction (Kim et al. 2003; Yoon and Seo 2003; Yoon et 

al. 2005; KICEM 2004; Kim 2006; Yu et al. 2004; Kim et al. 2011). 

 

The Fig. 2.1. shows the basic principles of TACT method.. 
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Figure 2.1. The Concept of TACT Scheduling Method 

 

2.2.2 Three Types of TACT Scheduling Method 

TACT scheduling method can be classified as three forms, which are 

superficial TACT, incomplete TACT, and complete TACT (Yoon et al. 2003; 

Park 2006; Hwang 2010). 

 

The superficial TACT can be defined as continuous activity within the 

horizontal axis, which is defined as time, but lacks continuous material flow 
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in the vertical axis. Therefore it considers the durational management from the 

General contractor’s point of view rather than the subcontractor. The Fig. 2.2. 

shows delay in activity B and D for continuous activity of A and C. 

 

 

Figure 2.2. The Superficial TACT 

 

Incomplete TACT was a commonly used methodology in previous finish 

works, which has vertical continuity of each activity, but doesn’t have 

horizontal time continuity. It is easier to manage resources of each activity, 

therefore considering the subcontractor’s schedule rather than the general 

contractor. The Fig. 2.3. shows that the activity B and D requires less time 

than A and D, therefore to achieve continuity in activity B and D, the activities 

should be scheduled according to B and D. 
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Figure 2.3. The Incomplete TACT 

 

Complete TACT synchronizes activities within each area, therefore 

achieving both horizontal and vertical continuity. The complete TACT 

considers each subcontractor’s resource flows, ultimately achieving high 

productivity of general contractor. The Fig. 2.4. shows that activity A, B, C, 

and D each can move its resources and continuously repeat the activity for 

zero delays. 

 

 

Figure 2.4. The Complete TACT 

 

The complete TACT is the most ideal, however in construction sites with 

both external and internal uncertainty the complete TACT is not realistic. 

Therefore it is practical to prioritize the crucial activity based TACT, and 
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consider only significant factors in non-crucial TACTs (Hwang 2010). 

 

2.2.3 Previous TACT Cases 

The previous application of TACT in finish works was only applied to 

high-rise office buildings with various activities and high repetition, 

reducing 1.5~ 2 months of construction duration. The application case on 

apartment complex did exist, but with only several finish works before 

returning to conventional method due to lack of will from the site manager 

or the subcontractor.  

 

In case of Japan, the TACT application case on apartment buildings did 

exist. The application of precast concrete members and dry construction 

application on finish work allowed 25 floor apartment building’s finish 

works to be complete within 5 months after the framework completion (Shin 

2009).
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 Table 2.1. Previous TACT Cases in Korea and Japan  

(modified from Shin 2009)  

 

Project 

Number 

of 

Floors 

Framework 

Cycle 

TACT 

Time 

Number 

of 

TACT 

Finish 

work 

Duration 

Korea 

A Office 

Building 
69 4 Days 4 Days 54 9.5 Month 

B Office 

Building 
49 4 Days 4 Days 27 10 Month 

C Office 

Building 
40 4 Days 4 Days 48 7 Month 

D Office 

Building 
25 4 Days 4 Days 22 6 Month 

Japan 

E Mansion 27 7 Days 7 Days 27 5 Month 

F Residential 

Building 
22 4 Days 4 Days 26 5 Month 

G Residential 

Building 
27 4 Days 4 Days 27 5 Month 
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2.3 Related Research Efforts 

 

The application of TACT in Korean sites has progressed various research 

on TACT. The preliminary research can be classified in to improvement of 

TACT process Model, site application improvement of TACT scheduling, and 

application improvement on apartment complex finish works.  

 

Kim et al. (2003), Suh et al. (2003), and Kim et al. (2007) suggested a 

model or system to improve TACT schedule management process in finish 

works, however lacks site considerations and applications. Joung et al. (2003), 

Yoon et al. (2003), and Lee et al. (2007) suggested solutions to limitations of 

scheduling or processing management to improve TACT management 

method’s site applicability. However, these researches are limited to a 

multipurpose building or high-rise buildings, which is difficult to apply in 

apartment buildings. 

 

Yoon et al. (2003), Yoon et al. (2005), Kim et al. (2006), Jung (2007), 

Hwang (2009), Shin (2009), Kim (2012), Kim et al. (2012), Lee (2011), Kim 

(2014), Kim et al. (2014), and Lee (2014) tried to build a model or system on 

analysis of TACT process planning and TACT site application to suggest 

improved application on apartment complex finish works. The suggestion has 

limitations on only considering general contractor’s point of view. It 

disregards the relationship between subcontractor and general contractor, the 

applicability from the subcontractor’s point of view, and the case analysis on 
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productivity changes due to the application of TACT method. 

 

Table 2.2. Previous Research on TACT Scheduling Method 

Subjects Authors Year Title 

TACT 

Process 

Improvement 

Kim et 

al. 

 

Suh et 

al. 

Kim et 

al. 

2003 

 

 

2003 

 

2007 

A Tact Planning and Scheduling Process 

Model for Reduction of Finishing Work 

Duration in Building Construction Projects 

Development and Application of TACT 

Management System 

Workflow-based TACT Planning & 

Scheduling Process 

Limitation Focused on process analysis and building systems and lacks 

TACT application result data based applicability on site 

Applicability 

of TACT for 

Site 

Yoon 

et al. 

 

Kim et 

al. 

2003 

 

 

2003 

Improvement of Construction Process Mgmt. 

Dividing the Work Area Reasonably in Bldg. 

Const. 

A Study on the TACT Management using a 

Daily Report Information 

Limitation These research is targeted to multipurpose buildings or high-

rise buildings, and lacks verification on apartment complexes. 

Applicability 

of TACT for 

Residential 

Bldg. 

Yoon 

et al. 

 

Kim et 

al. 

 

2005 

 

 

2006 

 

 

The Application of TACT Time at Finish 

Work for Building Construction –Focused 

on Office Bldg.- 

The Success Factors of Scheduling using the 

TACT in Wall Type Apartment House 

Const. 
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Jung  

 

 

Hwang  

 

 

Shin  

 

Lee  

 

Kim  

 

Kim  

 

Kim  

 

 

Kim et 

al. 

 

Lee  

2007 

 

 

2009 

 

 

2009 

 

2011 

 

2012 

 

2012 

 

2014 

 

 

2014 

 

 

2014 

Improvement of TACT Scheduling 

Management Process for the Finish Work of 

Apartment Houses 

Business Process Model for Applying TACT 

Methodology to Finish Work in Apartment 

House 

Application Plan of TACT Process for 

Finish Works in Apartment Housing Projects 

The Application of the TACT Method for 

Finish Works of Apartment Buildings 

TACT Process Reengineering for Improving 

the Usability in Construction Sites 

Reengineering of TACT Process 

Management Analyzed on Task Information 

A Study on Improvement of Repetition 

Process Management for Finish Works 

Quality of Const. 

TACT Scheduling & Monitoring of 

Apartment Finish Works based on the BDM 

Technique 

Issues and Improvement Schemes of TACT 

Process Management Application to 

Practical sites in Public Housing Finishing 

Works 

Limitation The schedule management suggests the improvement from 

the general contractor’s perspective, which doesn’t considers 

relationship between general contractor and subcontractor and 

the subcontractor’s perspective 
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2.4 Summary 

 

In this chapter, TACT scheduling method was considered as scheduling 

management method of the finish works. 

 

The durational reduction of the scheduling with various activities and 

the quality securance resulted TACT scheduling management composed of 

lean construction, CPM, and LOB. TACT scheduling method is a 

methodology for standard continuous activities with standardized resource 

allocation, and area division for the purpose of minimizing delay. 

 

TACT application in Korea was done with high-rise buildings, and in 

case of Japan, TACT methodology was applied using the dry finishing 

materials in apartment buildings. The application of TACT was successful 

both in Korea and Japan achieving the goal of TACT application. 

 

TACT application in Korea has stimulate the research, with categories 

such as improvement of TACT process, application on site, and application 

of apartment buildings. Despite the researches, the research holds general 

contractor’s perspective, rather than the subcontractor’s causing limitations.  

 

The research demonstrates TACT application data and frameworks for 

objective productivity analysis explain the TACT productivity perspective 

variance from the participant’s perspective. 
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Chapter 3. PAR as a Productivity Indicator 

 

3.1 Productivity Management in Construction Project 

 

3.1.1 Productivity 

Productivity, one of the major factors used in measuring industry 

outcomes, is defined as the relation between a production of system output 

and the input set in that system. Productivity is usually measured in terms of a 

ratio of some measure of output of some measure to the resource input (Lowe 

1987).  

 

In construction, productivity is expressed as units of output per dollar or 

work-hour (Adrian 1995). At the project site, contractors are often interested 

in labor productivity which can be defined as units of production output per 

personnel-hour or labor cost input (Neil and Knack 1984; Thomas and 

Mathews 1985), and there is no standard definition of productivity. Some 

contractors rely on the performance factor as a measure of productivity, and 

other terms, such as efficiency, are often used synonymously with labor 

productivity. 

 

Productivity is a very important element in the process of construction 

project management especially with regard to the estimation of the duration of 

the construction activities (Al-Zwainy et al., 2013), and labor productivity 

performance plays a key role in determining the financial success of a project 



 

 

 

26 

(Liu and Ballard, 2008). 

 

3.1.2 Productivity Management 

The importance of managing productivity has long been emphasized in 

the construction industry, and a considerable amount of research has been 

conducted on the issue. Sumanth (1984) argued that both managers and 

employees should pay close attention to productivity management and that the 

productivity management cycle has four phases: measurement, evaluation, 

planning, and improvement as depicted in Table 3.1. 

 

Table 3.1. Four Phases of the Productivity Management Cycle 

(modified from Sumanth 1984) 

Cycle Contents 

Measurement 
Focusing on calculation of productivity value by 

measurer’s definition and scope. 

Evaluation 
Estimating the amount of productivity change between 

two discrete periods. 

Planning 
Devising short and long-term plans in regards to future 

productivity 

Improvement 
Performing actual productivity improvement process 

using several methods. 

 

There have been numerous research efforts to examine productivity 

measurement and consequently contribute to the better productivity 

management (Heap 1987; Herbsman and Ellis 1990; Thomas and Završki 

1999). However, despite yielding decent estimations of productivity, these 
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studies have rarely identified which items are essential for optimal 

productivity management. Indeed, productivity has commonly been estimated 

by the ratio between system output and input without consideration of the 

particulars of each work item.  

 

 Considering each work item when measuring productivity is a complex 

process. For instance, it must be taken into account that work items associated 

with low productivity does not always have high potential for improvement. 

As well, a minimal change in productivity does not necessarily signify the 

presence of a work item linked with a poor management performance. To deal 

with these complexities, an advanced productivity indicator, which can 

account for the unique characteristics of each item, is needed (Kim et al. 

2010). 

 

 For example, Table 3.2. shows the labor productivity associated with 

several types of formwork in an apartment project in Korea (Jung et al. 1995). 

As seen in Table 3.2., the labor productivity of the euro form · plywood form 

is 0.628 M2/Man·Day, while that of the prefabricated form is 0.707 

M2/Man·Day. However, this fact does not directly indicate that the 

productivity management of the prefabricated form is better than that of the 

euro form · plywood form. It would also be inappropriate to conclude that the 

euro form · plywood form has higher potential for improvement than the 

prefabricated form. Instead be inappropriate to conclude that the euro form · 

plywood form has higher potential for improvement than the prefabricated 
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form. Instead, it must be determined which items should be focused on during 

the planning and improvement phases of the productivity management cycle. 

These items should not be chosen merely by estimating productivity without 

considering the potential effects of management activity. Although conversion 

factors can be used to account for different labor resources and conditions 

required for the outputs (Thomas et al., 1999), they still do not provide clear 

information regarding the potential effects of management activity. Thus, this 

research aims at proposing a productivity evaluation indicator that takes 

management aspects into account so that the most appropriate items for 

management activity are selected, and so that the benefits of productivity are 

maximized. 

 

Table 3.2. Productivity of Formwork in Korea  

(modified from Jung et al. 1995) 

 

Method 
Labor 

(Man·Day) 

Floor Area 

(M2) 

Productivity 

Labor 

(Man·Day/ 

M2) 

(M2/ 

Man·Day) 

Euro Form · 

Plywood Form 
48,875 30,671.74 1.59 0.628 

Gang Form · 

Partial PC 
31,928 20483.94 1.56 0.641 

Prefabricated 

Form 
59,828 42,275.04 1.42 0.707 
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3.2 Factors Affecting Labor Productivity 

 

According to Borcherding et al. (1986), the five major categories of 

unproductive time that produce labor productivity losses are (1) waiting or 

idle; (2) traveling; (3) working slowly; (4) doing ineffective work; and (5) 

doing rework. Borcherding and Alarcón (1991) have suggested several 

categories of factors and sub-factors affecting productivity (table 3.3.). 

 

Table 3.3. Factors Affecting Productivity 

(modified from Borcherding and Alarcón) 

Main factor Subfactors 

Schedule acceleration (1) Overcrowding and/or overmanning 

(2) Peak craft level and single craft population 

(3) Scheduled overtime 

Poor coordination (4) Stacking of trades 

(5) Concurrent operations 

Changes (6) Reassignment of manpower 

(7) Deterioration of learning curves 

(8) Ripple effect 

(9) Engineering errors and omissions 

Resources and site 

management 

(10) Site conditions and organization 

(11) Materials and tools availability 

(12) Material handling space 

(13) Site access 

(14) Interference 

(15) Poor lighting and housekeeping 

(16) The size and dispersion of tasks 

(17) Methods and equipment 
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(18) Size of a crew 

Management  

characteristics 

(19) Management control or project team 

(20) Dilution of Supervision 

Project characteristics (21) Project size 

(22) Work types 

(23) Beneficial occupancy 

(24) Joint occupancy 

(25) Fast track 

(26) Subcontract 

Labor and morale (27) Quality of craftsmanship 

(28) Quality control and quality assurance practices 

(29) Absenteeism 

(30) Craft turnover 

(31) Fatigue 

(32) Morale 

(33) Wages 

Project location and 

external conditions 

(34) Economical activity or availability of skilled labor 

(35) Commuting time 

(36) Support community size 

(37) Weather 

(38) Population differences 

 

Son and Lee (2002) have identified and categorized productivity factors 

affecting productivity into five sections: (1) labor problem; (2) design 

management problem; (3) construction management problem; (4) resource 

problem; and (5) project characteristics and external factors. However, these 

studies have quantificational problems and cannot be applied to mathematical 

approaches. Kim (1994) has divided factors affecting productivity into factors 
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that improve productivity and factors that decrease productivity. Kim’s 

research has assumed the existence of a standard of judgment between 

improvement and loss. However, because construction technology has 

continued to develop over time, this standard has become increasingly 

outdated. Alarcón and Ashley (1992) have developed a General Performance 

Model (GPM) to evaluate performance at the project level. The GPM is 

composed of sets of variables that are directly affected by project options. 

These variables, or “drivers,” include craft labor, engineer, owner, and project 

manager. During the production process, these variables propagate effects and 

consequently generate four project outcomes: cost, schedule, value, and 

effectiveness. According to the decision maker’s preference, these outcomes 

can be combined into one value. However, this model is too abstract and 

simplified to be practical. Different factors affecting productivity are also 

mentioned in the works of Adrian (1987), Oglesby et al. (1989), and Heap 

(1987). Thomas and Jansma (1985) analyzed productivity losses over nuclear 

projects related to an accelerated schedule focusing on staffing levels, in 

which they proposed a methodology to estimate. The productivity loss related 

to this issue. Hanna et al. (2007) examined the effects of overstaffing on labor 

productivity on mechanical and sheet metal projects losses through a survey 

of various contractors, developing statistical analysis of the survey results to 

find out a quantitative relationship between overstaffing and labor 

productivity. Similar research on electrical and mechanical projects was 

developed by Gunduz (2004), in which overstaffing effects on labor 

productivity were studied. The National Electrical Contractors (NECA) 



 

 

 

32 

carried out experiments to quantify the effects of weather conditions, such as 

humidity and temperature, on labor productivity (NECA 1974). Thomas et al. 

(1999) studied the effect of material delivery practices and unfavorable winter 

weather situations on labor performance using structural steel erection 

projects. Hanna et al. (1999) studied the impact of change orders on labor 

productivity, developing statistical models from mechanical trade data, which 

allowed quantitative explaining and predicting this relationship. Hanna et al. 

(2005) investigated the schedule acceleration problem, studying the 

consequences of overtime over labor efficiency through statistical analysis of 

production data from electrical and mechanical trades. Hanna et al. (2008) 

also analyzed the schedule acceleration issue by using qualitative and 

quantitative project data from diverse specialty trades, such as mechanical and 

sheet metal contractors, and focusing on the effect of shift work on labor 

productivity. A research study analyzing the effects of timing changes over 

labor productivity over a wide range of projects was conducted by Ibbs (2005). 

The impact of management practices as related to reliability on labor 

productivity planning has been also studied as a relevant factor (González et 

al. 2008; Liu and Ballard 2008). 

 

Yet, there is still a considerable shortage of research examining precisely 

how influential these factors are and whether they actually impact 

productivity in reality. 
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3.3 Productivity Indicators 

 

Based on productivity influence factors, many researchers have devised 

productivity indicators. However, these indicators cannot concurrently track, 

over time, changes in productivity and the influence factors that impact 

productivity, and, thus, lack applicability and utility for actual on-going 

construction projects.  

 

The typical productivity index for productivity management is Baseline 

Productivity (BP) by Thomas and Zavrski (1999). It measures productivity 

loss or best practice, for benchmarking purposes (Lin and Huang 2010). From 

the daily productivity that is measured from the highest value, a 10% of the 

workday is selected and the median of the selected workday is chosen as an 

activity’s BP (Thomas and Zavrski 1999, Lin and Huang 2010). BP defines 

the greatest productivity that a single project can achieve without interference 

factors. If the productivity doesn’t reach the BP value the relationship between 

interference factors and BP is analyzed through regression analysis. It 

ultimately determines the specific interference factors that affect the 

productivity. ). However, the utilization of project’s BP value on to different 

project is considered difficult, and lacks consideration of inevitable 

interference factors such as weather changes (Kim et al. 2003). Also, the size 

of baseline subset, which is considered 10% of total workdays, is considered 

subjective (Lin and Huang 2010). Herbsman and Ellis (1990) suggested a 

function based on multiple regression analysis on productivity and 
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productivity influence factors. But the research limits to show the correlation 

between variable, which must consider each productivity influence factors as 

individual variables. 

 

Herbsman and Ellis (1990) have also suggested a statistical model that 

establishes the quantitative relationship between influence factors and 

productivity rates. A regression equation can show this relationship when 

productivity influence factors are determined and scored by past experiences, 

general knowledge, and other available methods. However, this model also 

does not appear to be a qualified evaluation tool because it does not assist in 

the selection of corrective actions during construction. 

 

In addition, Oglesby et al. (1989) have proposed the labor utilization 

factor (LUF) to measure work effectiveness. The LUF aims at determining 

how workers contribute to overall project performance based on activity 

sampling. Although LUF proposes an indicator to monitor the number of 

workers engaged in effective work, activity sampling generally does not yield 

a measure of productivity because the output is not recorded in a usable form 

(Thomas et al., 1990). Furthermore, it is not necessarily true that a direct 

improvement of productivity occurs from allocating laborers to effective work 

rather than essential contributory work, or ineffective work. 

 

The Business Roundtable (1987) suggested qualifications for 

productivity indicators. It has suggested that productivity indicators should 
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implement the following functions:  

(1) Determine how effectively projects are being managed;  

(2) Detect adverse trends quickly so that appropriate corrective actions 

can be performed; 

(3) Determine the effects of changed methods or conditions;  

(4) Identify both high and low areas of productivity and the reasons for 

differences in their productivity; and  

(5) Compare the performance of different contractors. 

 

 

3.4 PAR as a Productivity Indicator 

 

3.4.1 The Concept of Productivity Achievement Ratio 

 

Three Types of Productivity 

The concept of Productivity Achievement Ratio (PAR) is assumed that 

existing productivity yields under an ideal situation. Such productivity is 

defined as Ideal Productivity (IP). In contrast, Actual Productivity (AP) is 

yielded in reality where various factors can prevent the attainment of IP. In 

addition to IP and AP, there exists Obtainable Productivity (OP). OP is the 

maximum productivity that can be attained through the adequate 

management of controllable variables.  

 

Reduction Factor 

A Reduction Factor (RF) is defined as a factor that prevents 
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productivity from reaching an IP value. Namely, an RF makes the difference 

between IP and AP. This idea is formalized in the following equation: 

 

AP = IP – an amount of productivity loss caused by RF  (Eq. 3.1) 

 

RFs can be clearly explained by the “Factor-Event-Outcome” model 

based on the GPM (general performance model) of Alarcon and Ashley 

(1992). Only a factor can be an RF, not an event. For example, although 

“overtime” causes productivity to decrease, it cannot be called an RF 

because it is an event. In this case, insufficient time” is considered a factor 

and therefore is a RF. 

 

Reduction Factors are classified into four factors based on the following 

criteria. 

 

(1) Can the RF be Controlled by Anyone Working on the Construction 

Project? 

Project managers can control factors, such as “site layout plans,” that 

can potentially obstruct AP from reaching OP. However, other factors, such 

as “weather conditions,” cannot be controlled or stopped, therefore 

preventing OP from reaching IP. While the former factor type is referred to 

as a Controllable-RF (C_RF), the latter is referred to as an Uncontrollable-

RF (UC_RF). These concepts are presented in the following equations: 
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OP = IP – an amount of productivity loss caused by UC_RF (Eq. 3.2) 

AP = OP – an amount of productivity loss caused by C_RF (Eq. 3.3) 

 

Fig. 3.1. visualizes the relationship between RFs and productivity. 

 

 

Figure 3.1. The Relationship between RFs and Productivity 

 

(2)  Can the Value of an RF Change During the Project Period? 

While some RFs, such as “worker faithfulness,” changes from day to 

day, other RFs, such as “insufficient drawings,” remains unchanged over the 

course of construction. The former RF type is called a Variable-RF (V_RF), 

while the latter is called an Invariable-RF (IV_RF). Though an IV_RF 

should be considered an RF when comparing different work sites, it does not 

impact changes in the productivity value of one construction field. 

 

These two criteria form a 2x2 RF matrix, as shown in Fig. 3.2. For 

example, “weather conditions” belong to the UC_V_RF dimension, while 

“work schedule planning” is a typical C_V_RF. Furthermore, “site location 
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condition” is considered to be an UC_IV_RF and “site layout planning” fall 

into the C_IV_RF category. 

 

 

Figure 3.2. The 2x2 Reduction Factor Matrix 

 

3.4.2 The Procedure of Calculating PAR 

 

Calculating OP and AP 

Because IP cannot be attained through efforts at the project level, the 

OP and AP should be calculated for the purpose of a practical productivity 

evaluation. Based on the labor productivity calculation, AP is measured as 

follows: 

 

        (Eq. 3.4) 
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OP is a measurement of conceptual productivity and cannot be directly 

measured. However, given the RFs and using regression analysis, the best-fit 

line can be drawn where the sum of each residual’s square value is a 

minimum. Thus, the approximate OP is the fitted value for the given RF 

values. This procedure involves the following steps: 

 

1. RFs are listed and identified through computations performed by an 

expert, and then recorded in the corresponding paperwork. Then, the 2×2 RF 

matrix is completed by inserting the RFs into the appropriate dimension. 

 

2. Quantification methods are determined by the identified V_RFs. 

There is no need for IV_RFs because they remain unchanged in a project and 

therefore do not affect changes in the productivity value during the OP 

calculation. The quantification method includes direct quantification, 

indirect quantification, and non-parametric ranking. 

 

3. RFs and productivity data are collected periodically. Herbsman and 

Ellis (1990) have recommended that the minimum number of observations 

should be at least three times the number of the V_RFs involved in a specific 

item. For example, if there are 10 V_RFs, then 30 or more cases should be 

collected. 

 

4. A correlation analysis is conducted to determine whether each RF is 
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mutually exclusive or not. When an RF is dependent on another RF, a ripple 

effect can be generated, yielding an incorrect OP value at the end of the 

analysis. To solve this interdependency problem, RFs can be combined with 

similar constructs. Also, RFs can be gathered into a pattern to make new 

factors. The latter technique is known as factor analysis. 

 

5. A multiple linear regression analysis yields an OP value. In each case, 

RFs are explanatory variables and APs are dependent variables. This analysis 

should be verified by a significance test; then, the RFs that are not 

statistically significant should be excluded. The regression equation is as 

follows: 

 

    (Eq. 3.5) 

where, A is the y-intercept; B1,n is the regression coefficient for 

C_V_RFn; B2,l is the regression coefficient for UC_V_RFl.  

OP during a certain period t is calculated in the equation below: 

 

        (Eq. 3.6) 

where, UC_V_RFl,t is the value of UC_V_RFl at the period t. That is, 

OP is the productivity value when the C_V_RFs have not yet occurred. 

Mathematically, the value of the C_V_RF is 0. The process for determining 

the OP value becomes increasingly accurate as more data are collected. Fig. 

3.3. shows the overall procedure. 
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Figure 3.3. The Overall Procedure of Calculating OP 

(modified from Kim 2011) 

 

Productivity Achievement Ratio (PAR) 

The Productivity Achievement Ratio (PAR) can be represented as the 
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quotient of AP and OP. This value considers the potential effect of 

improvement and therefore can be used as a productivity evaluation 

indicator to determine the main items that should be focused on during 

construction. The PAR is formulated as follows: 

 

    (Eq. 3.7) 

 

3.4.3 PAR as a Productivity Indicator 

The verification of the PAR was performed according to the Business 

Roundtable’s (1987) suggested qualifications for productivity indicators 

Not only did the PAR meet these qualifications, its applicability was 

further tested in a real construction site (described in a later section of this 

dissertation). The initial verification is as follows: 

 

(1) Determine how effectively projects are being managed 

Because the PAR deals with changes in productivity management 

effectiveness, not changes in productivity, the PAR value and its variations 

can indicate how effectively on-site productivity is being managed. 

 

(2) Detect adverse trends quickly so that appropriate corrective actions 

can be performed 

When on-site data are collected periodically, it is possible to determine 

which items have a low PAR value. Because a low PAR value indicates that 

there is room for productivity improvement, it can also alert managers that 



 

 

 

43 

supervision or corrective action is required. Moreover, each standardized 

regression coefficient of the regression model, generated in the OP 

calculating process, indicates the magnitude of the RF’s influence on 

productivity. This information can be used in deciding on appropriate actions 

for effective productivity management. 

 

(3) Determine the Effects of Changed Methods or Conditions 

Using accumulated PAR values, contractors are able to calculate the 

PAR values of certain methods or conditions and determine their effects on 

productivity management. For example, if the PAR values of steel 

installation in three apartment construction projects are 73%, 76%, and 79%, 

respectively, it can be inferred that contractors are acquiring a productivity 

equivalent of 76% of obtainable productivity when they execute steel 

installation works in apartment projects. This is the case with most 

construction methods. 

 

(4) Identify Both High and Low Areas of Productivity and the Reasons 

for Differences in Their Productivity 

Because the PAR values are calculated continuously during construction, 

both high and low areas of productivity can be used to evaluate productivity 

management performance. Additionally, a comparison between the RF 

values of high and low PAR cases can identify the RF that is the main reason 

for discrepancy between these values. 
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(5) Compare the Performances of Different Contractors 

Despite the sameness of items, methods, and conditions, different 

contractors often yield dissimilar PAR values because of different levels of 

ability and expertise in managing productivity. 

 

3.5 Summary 
 

In this chapter, this study presented productivity achievement indicator 

(PAR) as a productivity indicator. 

 

The productivity defined as output divided by input is very important 

element in the process of construction project management, and labor 

productivity performance plays a key role in determining the financial success 

of a project. Therefore, every participants in a construction project should pay 

close attention to productivity management. 

 

Sumanth (1984) argued that the productivity management cycle has four 

phases: measurement, evaluation, planning, and improvement. The 

productivity management must be accompanied with accurate measurement, 

accurate evaluation on changes, and accurate index for fluent productivity 

management. Business Round Table (1987) suggested five functions which 

the productivity indicators in construction should implement. 

 

Productivity Achievement Ratio (PAR) is a productivity index defined by 

Actual Productivity (AP) compared the Obtainable Productivity (OP). In 
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computation of PAR, the Reduction Factors (RF) are controlled for AP to 

reach the OP. Therefore, the PAR index takes account of the RF value, 

increasing the productivity management efficiency and crucial construction 

activities. Also, the RFs are computed with an influence chart, for selecting 

the crucial productivity management point. The OP values takes account of 

the participants, analyzing the perspective variance on productivity, and 

provides a frame to increase the reliability. 
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Chapter 4. TACT Productivity Analysis 

 

4.1 Investigation on Participants’ Perception of TACT 

 

To analyze the perception changes of TACT application from general 

contractor and subcontractor’s point of view, participants of an apartment 

building construction site is interviewed. The outline of the site is listed as 

follows (Table 4.1.). 

 

Table 4.1. The Outline of the TACT application Site 

Classification Contents 

Address Shingye-dong, Yongsan-gu, Seoul, Korea  

Project  

size 

13 building with 867units 

2 underground parking lot floors, welfares  

Number of 

units 

according to 

area 

Total of 867units 

52 : 168units,     81 : 72units,     82 : 12units,  

109A : 168 units,  109B : 277 units,  153 : 80 units,  

154 : 44 units,    186 : 46 units  

Lot area 
Buildable area : 36,980.80㎡ 

Total : 58,599.20㎡ 

Total area 132,320.27㎡  

Duration Aug. 1, 2008 ~ Feb. 28, 2011 (31 months)  
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For efficient TACT usage, the site divided structural framework of 

similar size and area in to four total horizontal zoning blocks. The vertical 

zoning of foamed concrete and floor plastering was grouped in to two floor 

units. The rest of the finishing works was grouped in to 1 floor unit. The 

TACT unit is composed of ‘TACT 1 finishing preparation works’ and ‘TACT 

19 other works’ with total 19 units. From TACT 1 to TACT 16, the TACT time 

is synchronized with 6 day framework cycle, and TACT 17, 18, and 19 is 

selected with 3 day of finish works with an implementation of inverse order 

planning method. 

 

The master schedule looked like figure 4.1., but as the project progressed 

changed to Fig. 4.2., Fig. 4.3., Fig. 4.4., Fig. 4.5., and Fig. 4.6. The master 

schedule changes resulted from different factors, which are temperature drop 

that hindered the wet construction process, heavy snowing work days, and 

unpredicted temperature drop in March and April. The factors include weather 

factors in the winter season, bankruptcy of subcontractors that stopped the 

resource supply and non-residing subcontractor which misconducted the 

TACT schedule. 
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Figure 4.1. The Master Schedule as planned 

 

 

Figure 4.2. The Master Schedule as changed (1) 

 

 

Figure 4.3. The Master Schedule as changed (2) 
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Figure 4.4. The Master Schedule as changed (3) 

 

 

Figure 4.5. The Master Schedule as changed (4) 

 

 

Figure 4.6. The Master Schedule as changed (5) 
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4.1.1 Perspective of General Contractor 

From the general contractor’s point of view, on time finish works, daily 

TACT scheduling meeting, emphasizing the preceding and following activity, 

communication between the subcontractors, systemizing the whole finish 

work process to identify the current activity, forecasting the activity, quick 

reaction to unpredictable, and scheduling management of the whole finish 

works, was considered advantages of TACT. The disadvantage includes 

residence of all the labors participating on finish works to be on site, and 

increase in spatial scope due to daily meeting regarding TACT. 

 

The advantages from labor, resource, and cost’s point of view includes 

1~2 floor units of material orders, reduction resource misusage due to of 

small repetitive works and various tools, checking the daily labor attendant 

and daily work load of the workers, accurate estimation, and reduction of 

loss factors. The disadvantage includes residence of all the labors 

participating on finish works on site, inaccurate grasp on number of workers 

due to lifting the materials of the following activities, lack of space on 

materials, and increase in lifting load. 

 

From the quality and safety management aspect the advantages includes, 

the following activity and the preceding activity can be checked, liable finish 

of the preceding activity, daily communication of the units, finishing a floor 

within a week, reduction of delays, early defects found due to continuous 

cleaning, reworks due to defects found, reduction of defects due to repetitive 
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works, and systemized communication system because of continuous 

communication. The disadvantages can be listed as increased scope and work 

load of safety management and influence on the TACT scheduling by 

minimized waiting time between the activities and the defects results from it. 

 

To make up the disadvantages that the general contractor is aware of, an 

exclusive TACT scheduling manager is necessary, more effective meeting 

reducing the meeting hours, motivating the subcontractor and the workers, 

managing or collecting the data through data supporting system, and linking 

the TACT and PMIS for more effective management was selected. Overall, 

the general contractor recognized TACT scheduling as effective if the 

subcontractor participates, and the company supports. 

 

4.1.2 Perspective of Subcontractor 

The subcontractor recognized the disadvantages of TACT in various 

ways. The factors included synchronizing the finish works, changes in 

management units from 5 floors to 1~ 2 floors, daily meeting regarding 

TACT scheduling, progress management of TACT for completion, residence 

of all the labors which affects the work scope, work space, number of 

managers, and operating expenses. 

 

The advantage from Material management aspects includes unit priced 

material orders which reduces the waste. However, residing all labors for 

finish works, increase in vertical lift waiting time caused by lifting weight 
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changes despite the negligible change, additional cost regarding the 

horizontal lift, and reduction of material storage space was considered a 

disadvantage. 

 

The labors considers disadvantages of TACT as residence of all the 

labors on site, necessity of more workers on each space unit, the travel time 

from the additional workers, and increase in labor expenses. The advantages 

can be mentioned as simple worker management through the systemized 

worker assignment. 

 

The TACT was recognized from quality management aspect as 

advantageous if the skilled workers were secured and indifferent in safety 

aspects compared to conventional management. 

 

The subcontractor recognized TACT as economically disadvantageous 

because of different reasons. The construction duration increases if TACT is 

applied also increasing the direct cost and other expenses. Also, it increases 

labor and resource lifting frequency therefore dropping the efficiency. 

 

 

4.2 Perception Variance of TACT Productivity 

 

4.2.1 Perception of General Contractor 

The economic or management efficiency of project’s productivity can be 
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considered not only from the labor production’s point of view, but also from 

the capital which is highly return based on the investment (Rendall and Wolf 

1983; Lowe 1987). The construction cost is composed of direct, indirect, and 

non-operating expenditure. If the direct cost does not increase, the 

construction participant seeks to reduce the non-operating expenditure and 

direct cost through durational reduction. However each participant has 

different scope regarding the project, and different perspective in measuring 

the productivity. 

 

The General contractor takes charge of most of the construction. While 

the apartment buildings have the same value on the sales, the project’s 

productivity is influenced by the efficiency of finish works. According to the 

case studies of Shin (2009) and Lee (2014), the 5 apartment building cases 

showed increased efficiency in construction costs. The TACT application on 

finish works in apartment increases the direct cost due to additional 

equipment, new technology, and high-strength materials, which is larger than 

the durational reduction from lifting equipment decreasing the efficiency. 

However, the non-operating costs and indirect cost can be reduced ultimately 

reducing the total construction costs.  

 

Therefore, from the general contractor’s perspective the TACT 

application increases the cost efficiency through durational reduction. Also, it 

increases operational or economic efficiency of the project. But it lacks 

objective data of labor productivity from finish works completed, and the 
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productivity analysis of subcontractor’s single construction activity. The 

apartment building site interview showed that it will increase the effectiveness 

of the total construction project, but lacks the data for activity based labor 

productivity and qualitative analysis or comparison. 

 

4.2.2 Perception of Subcontractors 

From the subcontractor’s standpoint, project is a single construction 

activity that the subcontractor performs. The subcontractor therefore only 

focuses on the activity they perform not the apartment building project itself. 

The general contractor’s output worth can be divided to the income, sales of 

the apartment buildings, and the investment, which are the total construction 

costs. In the other hand, the subcontractor’s income would be the pre-existing 

payment while the investment would be the cost to finish a single activity. The 

application of TACT passes the direct cost from the general contractor to the 

subcontractor, decreasing the labor and capital productivity efficiency of 

subcontractor. The TACT application on apartment building site seeks 

complete TACT to standardize the resource, minimize the waiting time, and 

achieve the maximum continuity. The reduction of completion time can be 

achieved through early start of the finish works and synchronization of TACT 

time. For early completion, the subcontractor’s work on site are lengthened to 

cover 1~2 floor units rather than 4~5 units. As a result, the subcontractor’s 

direct and non-operating expenditure increases, decreasing the efficiency of 

the cost. Therefore from the subcontractor’s perspective, TACT application 

increases direct, indirect, and non-operating costs decreasing the cost 
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efficiency and economic management efficiency. 

 

4.2.3 Perception Variance of TACT Productivity between General 

Contractor and Subcontractors 

The site interview of a subcontractor was conducted regarding the TACT 

application. The subcontractor’s answer showed that the cost efficiency 

decreased due to increased duration on finish works and increase in horizontal 

management scope, which increased direct, indirect, and non-operating 

expenses. The general contractor’s interview showed that the cost inefficiency 

does not relate to TACT application except foamed concrete and floor 

plastering works. Despite the different perspective on TACT, data on the 

factors affecting the productivity loss including, increased waiting time, 

increased traveling time, and, excessive labor usage is necessary. 

 

Therefore the performance data on apartment buildings with TACT 

application should be kept with similar standard to maximize management 

and construction efficiency. Also it necessitates single activity productivity 

computation and productivity index that applies the perspective difference. 

 

 

4.3 TACT Productivity Analysis using PAR 

 

PAR value examines the effect of RF values, and considers potential 

productivity improvement index which is used in productivity management 

(Kim 2004). The index is used for each construction activity management, but 
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also draws credible RFs and factors affecting the productivity loss. The result 

supplies the decisions selecting pivotal productivity management points in 

productivity management. Also the RFs and AP value that are measured 

repeatedly computes the OP value through multiple regression analysis and 

applies the perspective of various participants during the construction. The 

result can be a framework for more credible analysis of perspective difference 

on productivity. 

 

4.3.1 Deduction of Reduction Factors 

Using the Par value, the perspective difference between the general 

contractor and the subcontractor on the TACT single activities’ labor 

productivity was analyzed through quantitative analysis. The analysis outlined 

the factors effecting construction productivity and reworked by Kim et al. 

(2004). The rework studied the variability of RFs through surveys and 

signified with to PAR computation (Table 4.2.). With the classified RF and OP 

computations, the V_RF was selected through surveys and interviews. The 

selected V_RF were the main affects on activities productivity loss. 
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Table 4.2. The Reduction Factors Affecting Construction Productivity 

Classifications 

of Factors 
RF name 

Main Controlling 

Participants 

RF 

code 
Variability 

Construction 

Workers 

related 

Lack of responsibility 

of workers 

(insincerity) 

Worker group F1_1 V_RF 

Deficiency in skill-

level of workers 
Worker group F1_2 V_RF 

Frequent full-time 

works 
Worker group F1_3 V_RF 

Fatigue of workers due 

to excessive works 
Worker group F1_4 V_RF 

Conflicts among 

workers and among 

upper and lower 

groups 

Worker group F1_5 V_RF 

Deficiency in supply 

and demand of 

workers 

Worker group F1_6 V_RF 

Design 

Management 

related 

Incompletion and 

quantitative shortage 

of design documents,  

Participants not 

involved in on-site 

organization 

F2_1 V_RF 

Design ignoring 

constructability 

Participants not 

involved in on-site 

organization 

F2_2 IV_RF 

Construction 

Site 

Management 

related 

Inappropriate selection 

of construction 

methods 

Construction on-

site Manager group 
F3_1 V_RF 

Excessively high 

criteria of quality 

Participants not 

involved in on-site 

organization 

F3_2 V_RF 

Unreasonable 

construction site 

planning 

Construction on-

site Manager group 
F3_3 IV_RF 

Faults in planning of 

work process 

Construction on-

site Manager group 
F3_4 V_RF 

Faults in work 

planning 

Construction on-

site Manager group 
F3_5 V_RF 

Insufficient 

communication among 

subcontractors, 

divisions 

Construction on-

site Manager group 
F3_6 V_RF 
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Inappropriate safe 

management 

Construction on-

site Manager group 
F3_7 V_RF 

Resource input 

related 

Faults in material 

procurement planning 

Construction on-

site Manager group 
F4_1 V_RF 

Substandard material  
Construction on-

site Manager group 
F4_2 V_RF 

Faults in equipment 

procurement planning 

Construction on-

site Manager group 
F4_3 V_RF 

Equipment in 

performance deficit 

Construction on-

site Manager group 
F4_4 V_RF 

Characteristics 

of 

Construction 

Project and 

External 

Factors 

Poor weather 

condition of 

temperature and 

humidity 

uncontrollable F5_1 V_RF 

Poor weather 

condition of snow, 

wind, rain 

uncontrollable F5_2 V_RF 

Disadvantage in 

conditions of a 

location for 

construction site 

uncontrollable F5_3 IV_RF 

Poor work 

environment due to 

noise, dust, vibration, 

etc. 

Construction on-

site Manager group 
F5_4 V_RF 

Hostile atmosphere of 

residents 

Construction on-

site Manager group 
F5_5 V_RF 

Excessive legal 

restrictions 
uncontrollable F5_6 IV_RF 

Inadequate support 

from head office 

Support divisions 

of head office 
F5_7 V_RF 

 

4.3.2 Calculating OP and PAR 

 

Classification of OP & PAR 

OP value can be classified in to the each participant’s OP, narrowed OP, 

and broader OP. The Par value can be also classified in to each participant’s 

PAR, narrowed PAR, and broader PAR (Kim et al. 2004).  
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In this research, just as shown in Table 4.3., the OP is reclassified in to 

the worker’s group and the OP value which subjects of the main subcontractor 

that manages or controls the workers. Also, the OP value which subjects the 

site manager and workers are reclassified excluding the broader OP value. 

 

Table 4.3. The Classification of Obtainable Productivity 

Classification Description Participants 

OP by 

Subcontractors 

Maximum productivity 

which can be obtained 

by subcontractors’ 

aspect 

Worker group 

+ Subcontractors’ 

manager group 

OP by Field 

Organization 

Maximum productivity 

which can be obtained 

by construction on-site 

organization aspect  

Worker group 

+ On-site Manager group 

(manager of 

subcontractors + manager 

of general contractor) 

 

Deduction of CC Value 

The RF value cannot be clearly classified in to C_RF and UC_RF, but 

rather necessitates coefficient of controllability value to show how 

controllable and realistically PAR model can be systemized. The CC has a 

value of 0~1 and are computed based on the expert’s knowledge through the 

Delphi method. If the CC value is 1, it represents perfect C_FR, and perfect 

UC_RF if the value is 0.  
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The CC value was computed with Delphi method on TACT experts since 

the research focuses on the application of TACT on finish works in apartment 

buildings The expert selection criteria was listed as over 10 years of work 

experience in large construction companies, the TACT scheduling 

management department workers, and Ph.D. owners with a background on 

TACT related research. 

 

Calculating OP & PAR 

Using the measured AP value and the Delphi method, the computed 

V_RF multiple regression equation in equation 4.1 was computed. Using the 

V_RF value, the coefficient of regression (Bk) of V_RFk and y-axis (A) was 

computed. The IV_RF value does not vary during the project, therefore the 

productivity loss resulting from the IV_RF value cannot be applied to the OP 

value. In other words the construction participants cannot influence the 

IV_RF value itself. 

  

The CCk value of the each participants resulting from the Delphi method 

is substituted on to equation 4.2 to calculate the OP values. The OP value 

focused on the subcontractor and the construction site can be determined 

through the V_RF from the Delphi method. 

 

         (Eq. 4.1) 

       (Eq. 4.2) 
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            (Eq. 4.3) 

 

The determined OP value is applied to equation 4.3 to compute the PAR 

value of site organization and the subcontractor. Through the PAR values, the 

productivity management keys from the TACT application can be determined. 

The OP and PAR value theoretically confirms the different perspective of the 

TACT management productivity according to the participants. 

 

 

4.4 Summary 

 

In chapter 4, this study suggested a framework using PAR for 

productivity analysis to describe perception variance of TACT productivity 

between general contractor and subcontractors. 

 

For the purpose, the perception change of TACT application from each 

participant’s point of view was investigated. The subcontractor recognized 

TACT as economically disadvantageous because of different reasons, while 

the general contractor recognized TACT scheduling as effective if the 

subcontractor participates, and the company supports. 

 

The subcontractor perceives TACT productivity as a productivity loss 

factor, due to increase in direct, indirect, and non-operational expenses. Rather, 

the general contractor did consider TACT as a productivity loss factor with an 
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exception of few activities. Despite the perceive variance, it lacks practical 

data and framework to determine whether the actual productivity did decrease 

and the cause.  

 

Therefore, to prove the theoretical difference of TACT productivity on 

perception variance between general contractor and subcontractor through the 

Quantitative index, Fig 4.7. a framework of TACT productivity analysis using 

PAR was designed 
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Figure 4.7. Productivity Analysis Framework using PAR 
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Chapter 5. Case Study 

 

5.1 Case Description 

 

The case study of the TACT application was implemented in D 

company’s S apartment buildings in Seoul, Korea. The site apartments had 13 

buildings with 2 underground floors, 16~25 floors, and 867 units. The areas 

were divided in to 4 blocks to progress the structural frameworks and the 

finish works. From the units, the data was collected from equal meter squared 

5 numbers of 24~25 floored buildings from the second block. From 24~25 

blocks, data from 4 number of floors (14~17) were collected. From the 19 

construction activity, masonry work was selected as a construction activity. 

The masonry work is prioritized except the preparation of finish works, which 

can influence TACT scheduling. Table 5.1. shows the description of case site. 

 

The data was collected through interviews, documents, direct measures, 

and drawings of the site. 



 

 

 

66 

Table 5.1. The Description of Case Site 

Classification Contents 

Subject Apartment Project, S dong, Seoul 

Work Type Masonry work (2nd Block; 14th floor ~ 17th floor) 

Duration of 

Collecting Data 
22th Feb. 2010 ~ 20th Mar. 2010 (4weeks) 

Contents 

Number of masonry workers, Working time, Quantity of work 

done, value of each V_RF, Other factors causing productivity to 

decrease 

Site Plan 

 

Schedule of 

Finish Work 
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5.2 Deduction of RFs for Case Study 

 

Using the RF selected in 4.3.1. on apartment building finish works, 

Delphi survey was conducted on the CC values of work organization, 

subcontractors, and general contractors. Delphi survey is typically conducted 

with 15~20 (Ludwig 2001) or 10~18 (Okoli and Pawlowski 2004) experts. If 

the experts are considered homogeneous, the survey is usually conducted with 

10~15 experts (Ziglio 1996). However, due to the limited resource the Delphi 

was conducted with 8 experts. 

 

The survey was conducted either face to face or with email including the 

identity of the experts. Based on the 1st survey, 2nd, and 3rd survey was 

conducted according to the results. . The F1_2 (lack of workers skill level) 

was categorized to V_RF within the variability of the RFs. The result is due to 

the fact that worker’s skill level would impact the productivity during the 

TACT application. The coefficient of controllability value resulting from the 

Delphi survey can be listed as Table 5.2. For example, RF of F1_2 (lack of 

skill level) which are worker, subcontractor, general contractor, and other 

participants was listed as 0.58, 0.10, 0.06, and 0.13 accordingly. This explains 

that the workers are responsible for 58% of the F1_2, and depending on the 

subcontractor 68% of the F1_2 is controllable due to the CC value of 0.68. If 

the general contractor decides to participate 74% of the F1_2 value can be 

achieved. 
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Table 5.2. The CC Value of Each Reduction Factor 

Classification 

of Factors 

RF 

code 

Value of CC by Participants 

Worker 

Group 

Sub- 

contractor 

General 

Contractor 

Other 

Participants 

No 

one 

Construction 

Workers 

related 

F1_1 0.48 0.21 0.11 0.10 0.10 

F1_2 0.58 0.10 0.06 0.13 0.13 

F1_3 0.46 0.15 0.11 0.11 0.17 

F1_4 0.38 0.20 0.18 0.20 0.04 

F1_5 0.60 0.16 0.06 0.03 0.15 

F1_6 0.35 0.14 0.07 0.17 0.27 

Design Mgmt. 

related 

F2_1 0.04 0.06 0.21 0.67 0.02 

F2_2 0.05 0.06 0.26 0.60 0.03 

Construction 

Site 

Management 

related 

F3_1 0.21 0.21 0.31 0.27 0 

F3_2 0.08 0.09 0.20 0.61 0.02 

F3_3 0.15 0.22 0.41 0.22 0 

F3_4 0.24 0.28 0.32 0.15 0.01 

F3_5 0.19 0.24 0.39 0.17 0.01 

F3_6 0.21 0.36 0.22 0.21 0 

F3_7 0.32 0.20 0.29 0.16 0.03 

Resource 

input related 

F4_1 0.18 0.23 0.39 0.20 0 

F4_2 0.16 0.19 0.30 0.35 0 

F4_3 0.25 0.29 0.22 0.24 0 

F4_4 0.29 0.26 0.27 0.18 0 

Characteristics 

of 

Construction 

Project and 

External 

Factors 

F5_1 0.06 0.06 0.15 0.11 0.62 

F5_2 0.04 0.04 0.14 0.11 0.67 

F5_3 0.02 0.01 0.02 0.46 0.49 

F5_4 0.18 0.15 0.36 0.15 0.16 

F5_5 0.09 0.12 0.26 0.29 0.24 

F5_6 0 0 0.03 0.21 0.76 

F5_7 0 0.02 0.19 0.76 0.03 



 

 

 

69 

 

The case study showed the factors affecting the productivity with CC 

value from Table 4.2. Also, the interviews of workers from the site, 

subcontractor, general contractor, and the TACT scheduling manager 

determined other factors affecting the productivity loss producing the RF 

values from masonry works. The RF values were listed as whether suspension 

of work occurred or not in previous day, deficiency in skill-level of workers, 

excessively high criteria of quality, fault in work planning, insufficient 

miscommunication among subcontractors, divisions, and delays in materials and 

lifting of workers. The definitions and quantifications are listed in Table 5.3. 
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Table 5.3. The Definition and Quantification of Each RF 

No. V_RF Definition Quantification 

RF1 

Whether suspension 

of work occurred or 

not in previous day 

Are there any 

suspensions of work in 

previous days in any 

reasons? 

If suspension of work 

occurred, then give value 

of 1, otherwise 0. 

RF2 
Deficiency in skill-

level of workers 

Have level of work 

difficulty and deficiency 

in ability to adapt to 

TACT affected works? 

Likert-type Scale (0: No 

effects at all. ; 1: 

Average. ; 2: Minor 

effects. ; 4: Significant 

effects.) 

RF3 
Excessively high 

criteria of quality 

Have excessively high 

criteria of quality 

affected work time? 

Likert-type Scale (0: No 

effects at all. ; 1: 

Average. ; 2: Minor 

effects. ; 4: Significant 

effects.) 

RF4 
Fault in work 

planning 

Have faults in work 

planning disturbed work 

executions?  

Amount of time for 

interference among other 

works 

RF5 

Insufficient 

miscommunication 

among 

subcontractors, 

divisions 

Have insufficient 

miscommunication 

among subcontractors, 

divisions affected 

start/finish of any works? 

Delay of work or 

additional work time due 

to precedent/following 

work 

RF6 

Delays in materials 

and lifting of 

workers 

Have delays in materials 

and lifting of workers 

affected work time?  

Moving or waiting time 

due to problems of 

materials and lifting of 

workers 
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5.3 Results of Case Study 

 

During 20 days, RF and AP of the masonry work was record in Table 5.4. 

 

Table 5.4. RF value and AP of the Masonry Work 

Day 

AP 

(Pieces/ 

M∙H) 

RF1 RF2 RF3 RF4 RF5 RF6 

1 191.82 0 2 1 0 0 0 

2 166.26 0 2 2 0.5 0 0.5 

3 173.53 1 1 2 0 0 0.5 

4 175.34 0 1 3 0 0.5 0 

5 180.17 0 1 1 0.5 0 0 

6 198.5 0 2 2 0 0 0 

7 172 0 1 2 0 0 1 

8 178.77 0 1 1 0 1 0 

9 183.65 0 2 2 0 0 0 

10 193.18 0 1 2 0 0 0 

11 160.42 0 3 3 1 0.5 0.5 

12 188.64 1 1 2 0 0 0 

13 204.35 0 0 1 0 0 0 

14 181.76 0 2 1 0.5 0 0 

15 170.28 1 1 3 0 0 0.5 

16 195 0 1 2 0 0 0 

17 161.72 0 2 1 0.5 1.5 0.5 

18 188.38 0 2 2 0 0 0 

19 190.8 1 1 2 0 0 0 

20 157.45 0 1 1 0.5 0 1 
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The RF and AP value was determined as independent and dependent 

variables for multiple regression analysis. From the 6 RF values, Fault in 

work planning (RF4), miscommunication among subcontractors and divisions 

(RF5), and Delays in materials and lifting of workers (RF6) was considered 

substantial and considered in equation 5.1.1 

 

Productivity = 190.30-15.27RF4-8.92RF5-24.30RF6    (Eq. 5.1) 

 

From the outlined RF values, delays in materials and lifting of workers lacked 

the CC value, necessitating Delphi Survey. From the RF values that were 

considered substantial, the cc value of subcontractor, general contractor, and 

field organization was 0.24, 0.31, and 0.36 accordingly (Table 5.5.). Using the 

values OP and PAR values of each organization was determined (Table 5.6.). 

 

Table 5.5. The CC Value of Each RF by SC/GC/FO 

RF No. 
CC Value by 

subcontractor 

CC Value by  

general contractor 

CC Value by 

field organization 

RF4 0.43 0.39 0.82 

RF5 0.57 0.22 0.79 

RF6 0.55 0.36 0.91 

 

                                            
1 The R square is 0.812, and the adjusted R square is 7.777. 
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Table 5.6. The OP and PAR Value of Each Working Day 

Day 

AP  

(Pieces 

/M∙H) 

OP_SC 
PAR 

_SC 

OP_GC 
PAR 

_GC 

OP_FO 
PAR 

_FO 
(Pieces 

/M∙H) 

(Pieces 

/M∙H) 

(Pieces 

/M∙H) 

1 191.82  190.30  100.80  190.30  100.80  190.30  100.80  

2 166.26  180.48  92.12  177.87  93.47  187.83  88.51  

3 173.53  184.83  93.88  182.52  95.07  189.21  91.71  

4 175.34  188.38  93.08  186.82  93.85  189.37  92.59  

5 180.17  185.95  96.89  185.64  97.05  188.93  95.36  

6 198.50  190.30  104.31  190.30  104.31  190.30  104.31  

7 172.00  179.37  95.89  174.75  98.43  188.11  91.43  

8 178.77  186.47  95.87  183.35  97.50  188.43  94.87  

9 183.65  190.30  96.50  190.30  96.50  190.30  96.50  

10 193.18  190.31  101.51  190.30  101.51  190.30  101.51  

11 160.42  174.21  92.08  169.73  94.51  185.52  86.47  

12 188.64  190.30  99.13  190.30  99.13  190.30  99.13  

13 204.35  190.30  107.38  190.30  107.38  190.30  107.38  

14 181.76  185.95  97.75  185.64  97.91  188.93  96.21  

15 170.28  184.83  92.13  182.52  93.29  189.21  90.00  

16 195.00  190.30  102.47  190.30  102.47  190.30  102.47  

17 161.72  174.73  92.55  167.44  96.59  185.02  87.40  

18 188.38  190.30  98.99  190.30  98.99  190.30  98.99  

19 190.80  190.30  100.26  190.30  100.26  190.30  100.26  

20 157.45  175.01  89.96  170.09  92.57  186.74  84.32  
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Fig. 5.1. shows PAR by subcontractor, PAR by general contractor, and  

PAR by field organization. 

 

 

Fig. 5.1. PAR by SC, Par by GC, and Par by FO 

 

 

5.4 Summary and Discussions 

 

In chapter 5, the TACT productivity analysis framework using PAR 

suggested in chapter 4 is validated with the use of case study. For a case study, 

the RF value deducted from chapter 4.3 is deducted once more, and the 

Delphi method is used for the deduction of RF values for computation of 

coefficient of controllability value. From the RF values from the interviews, 6 

values were selected which impacted TACT productivity in most substantial 

ways. For the 20 working days the value of RF and Actual productivity was 
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measured from the selected criteria. The measured value of RF and AP went 

through multiple linear regression analysis for OP value by SC, GC, and FO, 

ultimately calculating PAR value by SC, GC, and FO. 

 

The results of this case study are as below. 

 

(1) The significant RFs on productivity of masonry work under TACT 

method conducted by case study are: Fault in work planning, Insufficient 

miscommunication among subcontractors/divisions, and Delays in materials 

and lifting of workers. It is different from the result of previous study (Kim et 

al. 2014), and it means the different project management method can derive 

the different significant RFs on productivity in a same activity.  

 

TACT establishes continuity in construction projects through 

Standardizing the resource and schedule synchronization. It requires 

minimum interference between the activities, which includes communication 

of preceding and following activities. The project scheduling without 

considerations of subcontractors and workers actives miscommunication 

between the construction participants. The delays and reworks resulting from 

preceding and following activities causes productivity loss, and is considered 

substantial due to its effect on RF values. The TACT application causes finish 

works to progress simultaneously, increasing the horizontal and vertical scope 

of the resource or workers. Therefore it increases the lifting weight of 

resource and labors. The regression analysis displays delays of resource and 
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labors caused by productivity loss impacts mostly impacts the outcomes of the 

RF values. 

 

(2) The CC value from the Delphi method explains the controllability of 

the RF values. For example, the CC value of delays in workers and material 

lifting from the workers group’s perspective was 0.32, the subcontractor’s 

value was 0.23, and the General contractor was calculated to be 0.36.  When 

TACT is applied the subcontractor has 55% controllability over the delays, 

while the workers have 91%. . In other words, the maximum percentage of 

productivity loss from the worker and material delay can be improved only to 

the extent of 55%. Similarly, with the general contractor the productivity loss 

can be improved over 90%. The faults in schedule and miscommunication 

between the worker groups showed CC value of 0.39, 0.22 from the general 

contractor’s aspect. Therefore for implementation of TACT, general contractor 

must participate to hinder the productivity loss that could be passed on to the 

subcontractor. 

 

(3) The TACT applied masonry work's Par value was 97.18% and the 

standard deviation was 4.55 the workers Par value averaged about 95.51 with 

a standard deviation of 6.21. The sub-contractive firm’s Par value resulted 

5.64% of difference and resulted 89.64%, 84.43% of the PAR value. The 

numbers show that within 20 days of workdays, the workers and 

subcontractor could improve the productivity loss up to 10% caused by the RF. 

The general contractor could also participate for up to 5% increase in 
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productivity. 

 

The difference in PAR values according to the participants causes OP 

value difference. The subcontractor’s OP value is 185.646 per man-hour, 

while the worker’s group OP value was 189 per man-hour. The largest 

difference occurred day 20 which was 6.7%. From the subcontractor’s 

perspective, the productivity achievement rate will be lower than the General 

contractor’s perspective. From the General contractor perspective, 

subcontractor’s labor productivity was lower than the expected value. The OP 

value was resulted from the significant RF values that were highlighted. The 

types of RF values included, fault in work planning, miscommunication between 

the subcontractor and workers, and delays in materials and lifting of workers. The 

factors were the results of TACT application, therefore supporting the theoretical 

suggestion of productivity loss from the subcontractor’s aspect. 

 

(4) By applying CC value from each of participants perspective through 

regression, equation 5.2, 5.3, and 5.4 can be concluded. 

 

OP_SC = 190.30 - 8.70 RF4 - 3.83 RF5 - 10.94 RF6    (Eq. 5.2) 

OP_GC = 190.30 - 9.31 RF4 - 11.91 RF5 - 9.77 RF6    (Eq. 5.3) 

OP_FO = 190.30 - 2.75 RF4 - 3.21 RF5 - 1.37 RF6    (Eq. 5.4) 

 

The coefficient of regression from the regressions according to the 

participants was multiplied the V_RF according to the participatns. From the 
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results the RF priority changes, due to the management of OP values from the 

each participants.  

 

According to the regression equation AP value is impacted by equation 

5.1, RF_6, RF_4, and RF_5, but from the subcontractor’s point of view the 

order changes to RF_6, RF_4, and RF_5. From the general contractor’s point 

of view, RF_5, RF_6, and RF_4 seemed to be the order impacting OP, and the 

subcontractor and general contractor combined resulted RF_5, RF_4, and 

RF_6 accordingly. The result presents how the OP value or the PAR value 

could impact the RF value from each participant’s aspects. 

 

(5) The OP_SC from the case study is divided with OP_GC (PAR_GC) 

was average 0.991 with a standard deviation of 0.012. The difference of OP 

value resulting from controlling the GC value, and the OP value from 

manipulating the SC value was less than 1%. Compared what was known, the 

numbers exemplify that general contractor has as much responsibility as 

subcontractors when TACT is applied on masonry work in apartment 

buildings. The general contractor was aware that subcontractor has greater 

responsibility on labor productivity based on OP_FO and OP_SC. However, 

according to the case study, the general contractor is subjected to probability 

loss as much as the subcontractor. 

 

The CC value can be adjusted according to the management of GC and 

SC to balance or maximize the productivity with controlling the RF value. 



 

Chapter 6. Conclusions 

 

This chapter presents research results of the suggested TACT 

productivity analysis framework using PAR for describing the perception 

variance of TACT productivity between general contractor and 

subcontractors. Then, the contributions to the body of knowledge in the field 

of productivity management are explained. Finally, the limitations of this 

study and required future studies for continuation of the research is provided. 

 

 

6.1 Research Results 

 

The research was intended to analyze the viewpoint difference between 

the general contractor and subcontractor in order to minimize productivity 

loss on apartment building finish works’ TACT application. The preliminary 

research on TACT productivity was analyzed and expert interviews were 

conduct for following results. 

 

 Literature reviews and interviews determined that the economic 

management efficiency showed a different perspective according to the 

participants. The difference on definition of project, input, and output gives 

different productivity measure to each of the participants. The general 

contractor did find TACT application on apartment buildings to increase the 

effectiveness; however the subcontractor experienced productivity loss. The 
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subcontractor, whom considers the whole project as 1~2 floor units, 

experienced interference between the activities, lifting errors, and scheduling 

errors. 

 

This research identified broader analysis of productivity according to the 

participants, in to micro level theoretical analysis using the PAR. The RF 

value and CC value of the participants resulting from RF was analyzed using 

the Delphi survey with TACT scheduling technique. The masonry works of 

TACT applied apartment site was analyzed for OP and PAR value of each 

participant. The results showed that the productivity loss from the 

subcontractor can be improved with communication factors between workers, 

subcontractors, and general contractors, and managerial factors regarding 

materials and labors. To identify or improve the factors, Actual productivity 

measurement which are not conducted, must be preceded. 

 

 

6.2 Research Contributions 

 

The contributions of this research are as below. 

 

(1) The research suggested base work for theoretical explanation 

regarding objective PAR index to solve the perspective difference in 

production efficiency. 
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(2) Comparison between a TACT application case and non-applied case 

to explain that scheduling management accompanies the construction 

productivity efficiency. 

 

(3) The balance of rights for RF values between the general contractor 

and subcontractor will also produce balance between the productivity. The 

rights will allow the general and subcontractor to reduce the cost and improve 

decision making on work division. 

 

(4) Continuous measures of AP values on site, to compute OP and PAR 

from the participant’s perspective. It allows productivity management from 

various point of view. 

 

 

6.3 Limitations and Future Research 

 

The research lacks practical solution due to theoretical analysis for 

subcontractors. The theoretical analysis of TACT application on apartment 

buildings’ finish works highly depends on the participant. Therefore, the 

following research seems necessary to improve productivity on TACT 

methodology. 

 

(1) To suggest productivity improvement of the whole finish work 

management plans for construction schedule and activities with identifying 
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RF or PAR.  

 

(2) Detailed analysis of factors on TACT unit operation and non-

operation with measuring the RF values of the activities.  

 

(3) 1~2 floor units, which are the current TACT units, can be varied in to 

2~4 units depending on TACT management plans. The management plans 

also necessitates additional research. 
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Appendix A: Glossary of Acronyms:  

Acronyms Full Name 

OP 

AP 

IP 

PAR 

RF 

C_RF 

UC_RF 

V_RF 

IV_RF 

CC 

PPC 

SC 

GC 

FO 

OP_SC 

PAR_SC 

OP_GC 

PAR_GC 

OP_FO 

PAR_FO 

CPM 

EVMS 

LOB 

HVAC 

PC 

GPM 

PMIS 

Bldg. 

Obtainable Productivity 

Actual Productivity 

Ideal Productivity 

Productivity Achievement Ratio 

Reduction Factor 

Controllable Reduction Factor 

Uncontrollable Reduction Factor 

Variable Reduction Factor 

Invariable Reduction Factor 

Coefficient Controllability 

Percent Plan Complete 

Subcontractor 

General Contractor 

Field Organization 

Obtainable Productivity by Subcontractor 

Productivity Achievement Ratio by Subcontractor 

Obtainable Productivity by General Contractor 

Productivity Achievement Ratio by General Contractor 

Obtainable Productivity by Field Organization 

Productivity Achievement Ratio by Field Organization 

Critical Path Method 

Earned Value Management System 

Line of Balance 

Heating, Ventilation, and Air Conditioning 

Precast Concrete 

General Performance Model 

Project Management Information System 

Building 
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Mgmt. 

BP 

LUF 

Management 

Baseline Productivity 

Labor Utilization Factor 
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Appendix B: Logic of TACT Units in the Case Site:   
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Appendix C: Quantity of Masonry Work: 
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國 文 抄 錄 
 

施工者와 協力業體 間  

택트(TACT) 生産性 認識差異 分析 

 

다양한 공종이 혼재하는 공동주택 마감공사의 공기단축과 품질확보를 

위해 마감공사의 체계적인 공정관리 필요성이 높아짐에 따라 고층 오피스 

빌딩 마감공사에 적용하던 TACT가 도입되었다. 하지만 기존 기법과의 

차이, 현장 상황의 차이(오피스 vs 아파트) 등으로 인해 주관사와 

협력업체 간의 생산성에 관한 관점차이가 발생하고, 이로 인해 TACT 

적용을 통한 기대만큼의 효용성을 얻지 못하고 있다. 또한 이러한 

문제점에 대한 인식에도 불구하고 실효성 있는 대책 도출을 위한 참여주체 

별 생산성 관점 차이 발생의 근본 원인에 대한 이론적 근거 및 실증적인 

데이터와 체계적인 방법론을 통한 분석이 부족하다.  

본 연구는 TACT 공정관리기법, 생산성 관리 및 생산성 지표에 대한 

기존 문헌고찰과 TACT 적용 현장 설문조사 및 면담을 통해 공동주택 

현장 TACT 도입 시 참여주체 간의 생산성에 대한 근본적 관점 차의 

원인을 분석한다. 또한 실제 현장 사례의 생산성 제한 요인 도출 및 현재 

생산성 측정값을 통해 획득 가능 생산성 값의 회귀식을 구하고, 생산성 

달성율(Productivity Achievement Ratio, PAR)을 산출한다.  

현 상황에서 최대로 획득 가능한 생산성(Obtainable Productivity, 

OP), 이를 제한하는 생산성 제한 요인(RF)으로 인해 획득하게 되는 실제 

생산성(Actual Productivity, AP)의 비율 (PAR)을 통하여 주관사는 계획 

대비 실적율인 기존 PPC(Percent Plan Complete) 측정을 통한 산출량 

관리를 실제 현장 생산성 데이터 획득을 통한 생산성 관리 (측정, 평가, 

계획, 향상)로 전환 가능하다.  

협력업체는 OP 산출을 통해 TACT 적용 현장에서 획득 가능한 
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이론적 최대 생산성을 추정할 수 있으며, 이를 토대로 생산성 지표인 PAR 

측정값을 주관사와의 의사소통 도구 및 의사결정 수단으로 활용할 수 있다. 

또한 PAR 산출 과정 중 도출한 주요 RF들은 현장 효용성 증대를 위한 

생산성 관리 포인트로 활용 가능하다. 

또한 각 주체 별 통제계수(CC)를 OP 산출과정에서 구한 회귀식에 

적용하여 참여주체 및 제한요인 별 회귀계수를 산출할 수 있다. 이를 통해 

각 주체가 중점적으로 관리해야 할 제한요인의 우선순위를 파악하여 

생산성 관리에 활용할 수 있다. 

본 연구는 건설공사 참여주체 간 TACT 생산성에 대한 인식차이를 

객관적인 생산성 지표인 PAR 산출 모델을 통하여 이론적으로 설명할 수 

있는 기반을 제공하며, TACT 기법 적용 사례와 기존 사례 비교를 통해 

공정관리 기법 변화가 주요 생산성 관리 포인트 변화를 수반한다는 것을 

보여준다. 또한 현장에서 지속적인 생산성 측정 활동을 통해 OP 및 

PAR를 산출함으로써 참여주체들의 관점을 복합적으로 반영한 생산성 

관리가 가능함을 시사하였다는 데에 연구의 의의가 있다. 

 

주요어: 택트, 생산성, 생산성 영향 요인, 생산성달성률, 생산성 지표 

학  번: 2008-30844 
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