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Abstract

Analysis of clean room conditions impact on labor productivity: CASE
STUDY
Jeyoung Woo, MSE
The University of Texas at Austin, 2012

Co-supervisors: James T. O’Connor and John D. Borcherding

The semiconductor industry follows what is known as Moore’s Law. Moore’s
Law says that every 18 months computer chip storage capacity doubles and the intervals
between developments in chip design become shorter and shorter. This is also true for the
set dates for construction which are dictated by the semiconductor industry’s needs and
production schedule.
This paper analyzes the impact of a clean room environment. It scrutinizes daily
reports and interviews, based on two data sets that focus on a semiconductor wafer
fabrication facility (FAB) construction project. Both data sets involve the same crew
working on a FAB construction project in the U.S. Room conditions, however, differ.
Aside from such working conditions, all elements for both groups are the same (crew
skill level, weather, and season). This research is based on the installation, from February
2010 to January 2011 in Austin, Texas, of an access floor in a semiconductor FAB
construction project. The total cost of the project was US$3.6 billion. Generally, a
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semiconductor FAB has raised access floors because cables and pipes are laid under the
floors for maintenance and operation purposes.
The data for this paper is derived from the access floor installation. The project
manager’s daily progress record documented the changes in labor productivity. The data
on the number of crew and work-hours is computed based on this information. Labor
productivity is defined here as the relationship between output and the labor time for its
production. The formula is as follows:
Labor productivity =

Eq. (1)

This study used Eq. (1) to measure labor productivity for two conditions (working
in general conditions and working in a clean room conditions). Labor productivity was
computed as follows: the unit of output (quantity) is sq. ft., and the unit of input (workhours) is hours.
The questionnaires and interviews attempted to identify the factors affecting
project performance: rework, crew interference, overcrowded work areas, and overtime
(Garner, et al., 1979; Tucker, et al., 1980). Each section consisted of yes/no questions and
one question seeking the interviewee’s opinion about how each problem was solved. The
responses are summarized as follows:
The results indicate that, in the clean room environment, labor productivity fell by
28.85%. For future projects, this drop represents additional time and money that should
be taken into account in the estimate of costs and the schedule duration. The interviews
indicate that labor productivity was affected by other factors such as rework, tool
availability, other crews not being finished, overcrowded work areas, as well as access to
work area.
viii
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Chapter 1: Introduction
In the semiconductor industry, the average product innovation meets or exceeds
Moore’s Law. Moore’s Law says that every 18 months computer chip storage capacity
doubles.

Figure 1. Graph of Moore’s Law (Moore, 1965)
Furthermore, according to this law, the intervals become smaller and smaller
between chip developments; and according to the semiconductor industry’s needs and
production schedule, set dates for construction also become shorter (Moore, 1996).
The semiconductor industry determines the construction or renovation schedule
for a semiconductor wafer fabrication facility (FAB). In 1997, the semiconductor
industry needed the total time for a project from breaking ground to the first wafer being
produced to be 23 months. In 2006, that time allotment was 13 months. To meet such
expectations, every contractor must develop faster and more efficient methods of
delivering these facilities (Sanvido & Mace, 1999). Most parts of a FAB layout consist of
special clean environments for manufacturing purposes. These environments are known
1

as “clean rooms.” A clean room is defined as an area where the amount of airborne dust
is limited and controlled. The definition of air quality for comparing normal room
conditions to clean room conditions explained in section 2.2. Today, most clean rooms
are constructed “a room within a room” (Abdou & Peyton, 1995).
Numerous studies have highlighted the impact on the construction industry of the
clean room environment. Chasey and Merchant described “a relationship of 300-mm
wafer might impact on facility design and labor productivity” (Chasey & Merchant,
2000). The results of the paper show some factors related to a 300-mm wafer fab
transition from previous facilities. Nevertheless, in terms of design and construction those
results give a broad overview of the issues. According to Hwang and Liu, projects that
depend on time and construction costs are profoundly impacted by productivity. Accurate
productivity estimates are important in effectively managing construction project’s time
and cost (Hwang & Liu, 2010).
This paper aims to analyze how a clean room environment impacts on labor
productivity examining two data sets. The data sets involve the same crew on a
semiconductor FAB construction project in the U.S. The data sets differ, however, in
their data regarding room conditions. The data sets have the advantage of giving the
number of square feet of completed installation at a certain time period per number of
work-hours. Aside from such working conditions as the clean room environment, all
elements for both groups were the same; elements included skill of the crew, weather,
and season. To speed up the schedule, the owner changed, during construction, the FAB
plan to clean room conditions.
This paper aims to examine the impact of a clean room environment on labor
productivity. These results provide insight into adjusting construction schedules and
planning for craftsmen in clean room conditions. Moreover, through interviews with
2

project managers, the paper identifies problems related to low productivity and to
difficulties that project managers faced during this project.
This chapter underscores the need for this research. It also presents the
document’s layout, outlining the contents of each chapter.

1.1. MOTIVATION
In Austin, Texas, the author worked as a design engineer for one of the clean
room finish sub-contractors. The design engineer was responsible for shop drawings to
estimate construction costs for bidding a project. The sub-contractor was specialized in
access floors and equipment pads for semiconductor tools in FAB. The final cost figured
in the construction costs and a percentage of that cost as an extra cost for work conducted
in the clean room. This percentage was determined, however, not by objective or
historical data but by the project manager’s opinion. The current industry practice relies
heavily on individual judgments due to the uniqueness, complexity, and uncertainty
involved in construction projects (Song & Abourizk, 2008).
This paper identifies the gap in labor productivity between general conditions and
that of a clean room. It describes the case study project and its results.

1.2. RESEARCH SCOPE
The

scope

of

the

research

includes

a

literature

review

on

labor

productivity/characteristics of a clean room environment (the comparison of general
conditions and clean room conditions) as well as a questionnaire survey. Moreover, the
paper analyzes the difference in labor productivity of a FAB construction project
according to its environment—general or clean room conditions. It identifies some
3

problematic factors through interviews with project managers. Finally, it suggests, when
bidding a new project, the amount of additional time and cost needed very early in a FAB
construction or renovation project. Finally, it provides a base line for control of labor
productivity in a clean room environment.

1.3. RESEARCH OBJECTIVES
The objectives of the research are as follows:
1. Identify the impact of clean room environment on labor productivity by
analyzing daily reports and interviews focused on a semiconductor FAB
construction project.
2. Compare labor productivity of clean room conditions with that of general
conditions.
3. Provide a guideline for the extra cost for clean room conditions when bidding
a FAB project.
Considering the complexity of the project, the researcher focused on the
installation of an access floor and tool pads for analyzing labor productivity.

1.4. ORGANIZATION OF THE THESIS
Chapter 2 explores previous research in labor productivity and clean room
environments. Chapter 3 describes a case project, including a project overview and
project scenario. Chapter 4 provides the research methodology. Chapter 5 lays out the
conclusions, and Chapter 6 offers recommendations.

4

Chapter 2: Literature Review
The literature review was conducted in three areas regarding current practice and
recent research: labor productivity, clean room environment, and questionnaire survey.

2.1. LABOR PRODUCTIVITY
Although many studies have been conducted on the issue of labor productivity,
most have dealt with estimating productivity, measuring productivity, and finding factors
affecting productivity outside of clean room conditions.

2.1.1. Definition
Depending on the user, productivity could be defined in multiple ways. For the
present research, definitions of productivity follow (Hanna, et al., 2007).

(1) Economists and accountants



The ratio between the total resource input and total product output.

(2) As associated with construction,


(3) Project manager, construction professional

5

The many definitions reflect the industry’s various perspectives. In general,
productivity is the ratio of input to output. The construction industry in particular is
interested in labor productivity, defined below (Thomas & Mathews, 1985).

Eq. (1)
And this paper, in computing labor productivity, will apply this formula.

2.1.2. Review of previous studies
Few studies have examined the factors affecting labor productivity. Researchers
have suggested different productivity factors and research approaches.
Borcherding identified sources of reduced productivity in construction work.
Productivity loss on large complex construction projects is explained using five major
categories of unproductive time: (1) waiting or idle, (2) traveling, (3) working slowly, (4)
doing ineffective work, and (5) doing rework (Borcherding, et al., 1986). And
Borcherding and Alarcon have suggested a number of categories of factors affecting
productivity (Borcherding & Alarcon, 1991).

6

Table 1. Factors affecting labor productivity (Adapted from Borcherding et al, 1991)
Main Factors
Schedule acceleration
Poor coordination
Changes
Resources and site management
Management characteristics, Project characteristics
Labor and morale
Project location and external conditions

Several of the productivity factors in Table 1 have been the subject of a number of
academic research efforts. Hanna investigated the effects of overstaffing on labor
productivity on mechanical and sheet metal project losses. Hanna used surveys of various
contractors, developing statistical analysis of the survey results to find the relationship
between overstaffing and labor productivity (Hanna, et al., 2007). Ibbs performed a study
analyzing the effects of timing changes on labor productivity across a wide range of
projects (Ibbs, 2005).
Despite all this research on labor productivity, a lack of detailed research is
apparent concerning the factors affecting labor productivity in construction projects, there
are many factors that have not been quantified.

2.2. CLEAN ROOM CONDITIONS
Despite the relative paucity of literature on clean room conditions, several studies
have identified some characteristics of clean room conditions.
7

2.2.1. Definition
Clean rooms consist of an area in which an attempt is made to limit and control
the amount of airborne dust. They are specially constructed and environmentally
controlled enclosed areas. They require special regulation of a number of environmental
parameters such as temperature, humidity, air pressure, air motion, air cleanliness, light,
sound, and vibration (Abdou & Peyton, 1995).

Figure 2. The clean room at a semiconductor FAB1

2.2.2. Charicteristics of clean room
In Table 2, we can see the three basic levels that describe the major cleanliness
classifications: M 6.5, M 5.5, and M 3.5. The classification numbers refer to the
maximum number of particles 0.5 μm in diameter allowed per cubic foot of air. Thus, an
M 3.5 room would not allow a particle density greater than 3,530 particles (at 0.5 μm in
1

(Image source: http://www.guardian.co.uk/technology/2009/sep/16/apple-ram-dram-64-bit)
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diameter) per cubic meter of air (Federal standard 209, 1992). And most semiconductor
clean rooms are M 3.5 or cleaner, and a few provide M 1.5 air (Fundamentals, 1993).

Table 2. Airborne particulate cleanliness classes
Class Name
SI
M 1.0
M 1.5
M 2.0
M 2.5
M 3.0
M 3.5
M 4.0
M 4.5
M 5.0
M 5.5
M 6.0
M 6.5

0.1 μm
m3
cu ft

U.S.
1
10
100
1,000
10,000
100,000

350
1,240
3,500
12,400
35,000
-

9.91
35.00
99.10
350.00
991.00
-

Measured particle size
0.2 μm
0.3 μm
m3
cu ft
m3
cu ft
75.7
265.0
757.0
2,650.0
7,570.0
26,500.0
75,700.0
-

2.14
7.50
21.40
75.00
214.00
750.00
2,140.00
-

30.9
106.0
309.0
1,060.0
3,090.0
10,600.0
30,900.0
-

0.875
3.000
8.750
30.000
87.500
300.00
875.00
-

0.5 μm
m3

cu ft

10.0
35.3
100.0
353.0
1,000.0
3,530.0
10,000.0
35,300.0
100,000.0
353,000.0
1,000,000.0
3,530,000.0

0.283
1.000
2.830
10.000
28.300
100.000
283.000
1,000.000
2,830.000
10,000.000
28,300.000
100,000.000

A wafer FAB is a complex fabrication plant consisting of various systems,
including the architecture, the structure, the mechanics, and the clean room. To enter the
clean room, every person must wear a smock to prevent the clothes from contaminating
the room while working. All individuals must take an air shower directly before entering
the clean room environment.

2.3. ISSUE IDENTIFICATION
According to Borcherding, labor productivity will change if the conditions are
altered (Borcherding, et al., 1986). And as we saw above, all people entering the clean
room wear smocks. This is a major difference that working in normal clothes worn by

9

construction workers. Little research has been conducted on the relationship between
clean room conditions and labor productivity.
In summary, the literature review suggests the following issues that must be
addressed: (1) how to compute accurate labor productivity from different working
conditions with limited information, and (2) what impact clean room conditions have on
labor productivity.

10

Chapter 3: Project Description
This research is based on the installation of an access floor in a semiconductor
FAB construction project.

3.1. PROJECT OVERVIEW
The installation of the access floor took place in a semiconductor FAB
construction project in Austin, Texas, from February 2010 - January 2011.

Figure 3. Bird’s eye view of the case project2
The total project cost was $ 3.6 billion USD and in November 2010, the peak
work force exceeded 3,000 craftsmen. The project include an additional 150,000 square
feet of vacant space was available for expansion and fit the needs of other chip
production (Construction today, 2011). The semiconductor company was intending to
expand in the near future. Huge projects for each sub-contractor are potential
opportunities in the Austin area.
2

(Image source: http://www.sb-d.com/Issues/Spring2010/AroundtheSouth/tabid/347/Default.aspx)
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This study examined the installation of an access floor. The activity was managed
by one contractor and two sub-contractors. Generally, semiconductor FAB has raised
access floors because cables and pipes are laid under the floors for maintenance and
operation purposes. The procedure for this activity is shown below:

1. Layout: After the centerlines of the work area were checked, post center points
were marked on the slab.
Figure 4. Procedure for installation of access floors

12

2. Anchoring: Set anchors were anchored and posts were installed on the slab.

3. Post Installation: Install posts by connecting anchors. Use strong bolts to fasten
them on slab.
Figure 4 (Cont’d). Procedure for installation of access floors
13

4. Beam installation: Place beams on the posts and fasten them using bolts and nuts.

5. Leveling: Use a level to make sure the posts are set straight and beams are placed
the correct height.
Figure 4 (Cont’d). Procedure for installation of access floors
14

6. Install gratings: Gratings were installed on beams according to the equipment
layouts and ventilation plans.

7. Taping the gap: To maintain clean conditions gaps on gratings were taped.
Figure 4 (Cont’d). Procedure for installation of access floors
15

8. Finish the installation of gratings.
Figure 4 (Cont’d). Procedure for installation of access floors

3.2. PROJECT SCENARIO
The original plan for this project was to change from general conditions to clean
room conditions immediately following the installation. Once changed over to clean
room conditions, the HVAC system for air cleaning would be turned on necessitating the
compulsory wearing of smocks. The owners, however, changed their plan to accelerate
the project. Thus they wanted to work in the clean room environment, and the access
floor crew installed gratings have new installed under the controlled environment.

16

Working in general conditions

Working in clean room conditions
Figure 5. Comparison of different work conditions
17

Thus, the author compares labor productivity in general conditions to that of clean
room conditions, focusing on the grating installation activities for this FAB project.

18

Chapter 4: Research Methodology
This paper’s goal is to identify labor productivity based on different working
conditions.
4.1. FOCUS GROUPS
To compare labor productivity in general conditions and clean room conditions,
the author obtained the work-hour data for each condition from project manager’s daily
report.

General condition

Compute Labor productivity
(With quantity of installed gratings)
Compare Labor
productivity

Work-hour
(From daily report)
Clean room condition

Compute Labor productivity
(With quantity of installed gratings)

Figure 6. Illustration of result comparison

The crew installed the gratings from October 30, 2010, to November 24, 2010. On
November 13, 2010, the general working condition changed to clean room working
conditions.
Oct. 30, 2010

Nov. 13, 2010

General condition

Nov. 24, 2010
Clean room condition

Figure 7. Conditions with date

19

4.2. DEAL WITH LABOR PRODUCTIVITY
As discussed in Chapter 2, productivity is the ratio of input to output. Labor
productivity in this paper can be defined in the following way (Thomas & Mathews,
1985):

Productivity data is based on, first, the daily number of crew members to compute
work-hours and, second, the completion quantity of installed gratings per week.

4.3. SURVEY EFFORT
The focus group showed the study’s productivity result changed according to the
working conditions. Nevertheless, a survey was performed to quantify the relative
importance of these factors. To collect the relevant information, the author interviewed
the contractor’s project manager and two project managers for the subcontractors.
Interviews were conducted to uncover problematic elements. However, no craftsmen
completed the survey. The questionnaire interviews were with project managers.
The questionnaire was designed to ascertain the perception of craft workers on the
factors influencing construction productivity (Dai, et al., 2009). It was based on “A
craftsman questionnaire and interview form” from the Construction Productivity
Improvement course packet (Borcherding J.D, 2011).
Each section had yes/no questions and then a question on their opinion regarding
how best to solve each problem. In part one, respondents provided their personal data,
such as their expertise, time working in their trade and at this job. In addition,
20

respondents gave their average hours per week and the number of members on their crew.
In the second part, respondents indicated how often 11 factors occurred and assessed the
impact of those factors on labor productivity in each type of working condition. The
frequency of each factor was selected as a problematic factor or a non-problematic factor.

Table 3. Impact of 11 factors on labor productivity
Factors
Rework
Materials
Tools
Equipment, Trucks
Crew Interference
Overcrowded work areas
Instructions
Quality control inspection
Design Interpretation and additional engineering information
Turnover
Absenteeism

21

Figure 8. Example of the questionnaire form
22

Chapter 5: Findings and application

5.1. DESCRIPTION OF DATA
The project manager’s daily progress record documented the changes in labor
productivity. The data on the number of crew and work-hours is computed based on this
information.

5.1.1. Dataset
Data came from daily reports written by project managers. The quantity of
installed grating was counted by the contractor’s project engineer.

23

Table 4. Dataset from the project manager's records
Condition

No.

1
General
conditions
2

3
Clean room
conditions
4

Date

Number of workers

Oct. 30, 2010
Nov. 01, 2010
Nov. 02, 2010
Nov. 03, 2010
Nov. 04, 2010
Nov. 05, 2010
Nov. 06, 2010
Nov. 07, 2010
Nov. 08, 2010
Nov. 09, 2010
Nov. 10, 2010
Nov. 11, 2010
Nov. 12, 2010
Nov. 13, 2010
Nov. 14, 2010
Nov. 15, 2010
Nov. 16, 2010
Nov. 17, 2010
Nov. 18, 2010
Nov. 19, 2010
Nov. 20, 2010
Nov. 21, 2010
Nov. 22, 2010
Nov. 23, 2010
Nov. 24, 2010

20
30
30
20
20
25
39
27
52
52
59
72
64
54
36
63
68
31
72
72
39
12
18
30
18

Quantity of
installed gratings

5,100 pcs
(20,400 sq ft)

9,000 pcs
(36,000 sq ft)

7,500 pcs
(30,000 sq ft)

2,600 pcs
(10,400 sq ft)

The size of one grating, an access floor panel, is 4 sq. ft., 2 ft x 2 ft.

5.1.2. Labor productivity
As discussed in Chapter 2, productivity is the ratio of input to output. Labor
productivity is defined below (Thomas & Mathews, 1985):
Eq. (1)
24

This research used Eq. (1) to measure the labor productivity of the two working
conditions. To compute labor productivity, the unit of output (quantity) is sq ft, and the
unit of input (work-hours) is hours.

Table 5. Labor productivity of different conditions
Condition

No.

Working in
general
conditions
Working in
a clean room
conditions

1
2

WorkQuantity of
Labor
Average Labor
hours installed gratings Productivity
productivity
2,024
20,400
10.07
10.05
3,586
36,000
10.03

3

4,356

30,000

6.89

4

1,287

10,400

8.08

7.15

Based on the questionnaires and interviews, the average workday consisted of 11
hours. Thus, to compute the total number of hours worked by the two groups in general
conditions add No. 1 and No. 2. To do the same for the two groups working in clean
room conditions, add No. 3 and No. 4.
To compute the average labor productivity of each condition, the entire output
(the number of installed gratings) is divided by all the work-hours (the number of crew
members multiplied by the average work hours—11 hours).
Table 5 and Figure 9 show that the labor productivity of the clean room
conditions was 28.85% lower than that of general conditions. This gap represents the
additional time and cost that project managers should take into account when figuring
future project costs and schedule when working in clean room condition.

25

12

Labor Productivity

10
8
6
4
2
0
1

2

3

(General condition)

Labor Productivity

4

(Clean room condition)

Productivity (Average labor productivity)

Figure 9. Labor productivity in difference conditions

5.2. QUESTIONNAIRE & INTERVIEWS
As discussed in Section 4.3, the questionnaire (Borcherding J.D, 2011) consisted
of a personal data section, sections for problematic factors, and a summary questions
section. Analysis of the questionnaire and interviews raised some noticeable tendencies
(Borcherding J.D, 2011). Table 6 classifies the major factors by comparing the answers
after 3 project managers surveyed.
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Table 6. Factors influencing labor productivity
Sample size: Total 3

Total responses

Percentage
(Responses/Sample size) X 100

Problem

Not a
Problem

Problem

Not a Problem

Rework

3

-

100%

-

Materials

1

2

33%

67%

Tools

2

1

67%

33%

Equipment or trucks

-

3

-

100%

Other crews not finished

3

-

100%

-

Overcrowded work areas

2

1

67%

33%

Waiting for instructions

-

3

-

100%

Waiting for Q.C.

-

3

-

100%

Engineering information

1

2

33%

67%

Absenteeism

-

3

-

100%

Turnover

-

3

-

100%

Parking and road access

2

1

67%

33%

Quality of work

-

3

-

100%

Quality of supervision

-

3

-

100%

Amount of supervision

-

3

-

100%

Safety

-

3

-

100%

Problem area

The questionnaire and interview revealed factors that decrease labor productivity
in a clean room environment.
1.

Rework:

Rework

had

significantly negative

impact

on

project

performance. The average hours lost per week doing work over was 5
hours of a total of 66 hours per week.
27

The main cause for rework was “change orders.” All the project managers
said that the owner would pay for doing the work over. Obviously,
rework, especially in a clean room condition, decreased motivation.
2.

Tools: The main reason stated for tool problems was the inconvenience of
entering a clean room while carrying tools. Each worker had to clean their
tools and equipment (even the wheels of a toolbox) whenever they entered
the clean room. In addition, they had to attach clean room tape to each
wheel for rolling equipment like A-frame cranes. Some consumable items
such as epoxy paint, adhesives, and drill bits were also wiped with wet
paper outside of a clean room.

3.

Other crews not finished: Each team had their own schedule according to
the owner’s master schedule. Thus, if one team had to stop work and wait
or move to another area because other trades were still working in that
area, that team, for safety reasons, could not work in that area. Therefore,
the master schedule was extremely tight, and there were often disruptions
of crews working in the semiconductor FAB construction or renovation
projects.

4.

Overcrowded work areas: Generally, too many materials or too much
equipment obstructed work areas. All project managers (See Appendix)
made statements along the lines of, “This problem could be simply solved
with pre-planning or improving communication among trades.”

5.

Parking and road access: Parking access was not considered a problem.
Road access, however, was considered a significant problem. This was
especially different to obtain elevator use for transporting materials or
equipment to the upper level of the project. When three elevators were in
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use, only one other was available (total floor area was approximately
150,000 sq ft). Therefore, tons of materials and equipment were lifted with
only one elevator. If that elevator broke down, work was halted until it
was repaired.
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Chapter 6: Conclusions

This research analyzed the impact of clean room conditions on labor productivity
in a semiconductor FAB construction project. It was based on the daily reports of one
contractor and two subcontractors, as well as a questionnaire and interviews.

The study found that labor productivity dropped 28.85% once workers were
operating in clean room conditions. Several conclusions can be drawn from this study:
1.

Identify the impact of clean room environment on labor productivity by
analyzing daily reports and interviews focused on a semiconductor FAB
construction project.
- Two data sets, one from work done in general conditions and the other
from work done in clean room conditions, aside from that difference, all
the same elements (skill of the crew, weather, and season).
- Based on such similar data, the conclusion was that the impact of clean
room environment on labor productivity had a significant adverse
influence that needs a diverse to be considered when estimating and
schedule FAB construction project.

2.

Compare labor productivity of clean room conditions with general
conditions.
- Labor productivity of the different conditions was computed using the
project manager’s dataset. The questionnaire survey with project
manager’s showed that the average workday was 11 hours. Therefore, to
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get work hours, the author multiplied the number of crew members by the
average daily work hours.
- To compare labor productivity, the author averaged the labor
productivity of the two conditions.
3.

Provide a guideline that accounts for the extra cost of working in clean
room conditions, especially when bidding a FAB project.
- Based on this study, when construction companies bidding and planning
the FAB construction projects, they should add 28.85% of time or cost in
lost labor productivity.

Finally, the study shows that in clean room projects require additional time and
cost. The analysis also argues for better communication and planning skills to reduce the
adverse effects of clean room conditions to more efficiently manage the project.
Furthermore, this research methodology can be transferred to other projects related to
clean room conditions.
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Chapter 7: Recommendations
Specific recommendations for providing a guideline for extra cost for clean room
conditions are laid out in Chapter 5. Briefly summarized, the drop in labor productivity,
28.85%, should be included as additional cost or time on a budget and schedule when
bidding a new project or planning a new clean room project. The percentage should then
be used for follow-up analysis after application of a corrective process. Now that the gap
between labor productivity has been quantified, the construction industry should be
encouraged to use it when bidding and planning a new construction project or renovation
project for a semiconductor FAB facility.

Several recommendations are offered concerning follow-up research.
1. Apply to other clean room environment projects – The gap between the two
conditions should be linked to other clean room conditions. This would provide the
project a summary of proven results that should be effective at improving project bidding
or planning accuracy.

2. Verify the gap with previous project summary – With historical data from each
company, such as project manager's daily report in clean room projects, calculate the gap
between general conditions and clean room conditions.

In summary, it is recommended that the difference in labor productivity between
the two conditions be used to enhance project performance and thus, the chances for
project success.
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Appendix - INTERVIEWS


Lee, Jinu (2011). Personal Interview (A questionnaire, an interview). Project
Manager, SBTA, Austin, TX, October 27, 2011



Radwan, Khaled E. (2011). Personal Interview (A questionnaire, an interview).
General Manager / Owner, LEAD, Kileen, TX, November 08, 2011



Kim, Danyell (2011). Personal Interview (A questionnaire, an interview).
Project Manager, EBTC, Hutto, TX, November 11, 2011
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