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Productivity

Design Phase:
Engineering Productivity 

= Output/Input

Construction: 
Construction or Labour Productivity 

= Output/Input

Productivity spans several disciplines including economics, 
operations research, and engineering 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑂𝑢𝑡𝑝𝑢𝑡
𝐼𝑛𝑝𝑢𝑡 	Activity

Project

Company

Industry

Country

Hierarchy and Productivity
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Type of Input 
Measure

Type of Output
Measure

Labour Capital Capital and Labour

Capital, 
Labour and 
Intermediate 
inputs (energy, 
materials, 
services)

Gross Output

Labour productivity 
(based on gross output)

Capital productivity 
(based on gross output)

Capital-Labour 
productivity MFP (based 
on gross output)

KLEMS 
productivity 

Value Added

Labour productivity 
(based on value added)

Capital productivity 
(based on value added)

Capital-Labour 
productivity MFP (based 
on value added)

-

Measure
Single Factor Productivity (SFP) measures Multifactor Productivity (MFP) measures
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Construction Labour Productivity (CLP) is defined as 
activity-level labour productivity, where higher values are 
desirable:

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛	𝐿𝑎𝑏𝑜𝑢𝑟	𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦	 = 	
𝑂𝑢𝑡𝑝𝑢𝑡
𝐼𝑛𝑝𝑢𝑡 =

𝑈𝑛𝑖𝑡𝑠	𝑜𝑓	𝑜𝑢𝑡𝑝𝑢𝑡
𝑇𝑜𝑡𝑎𝑙	𝑙𝑎𝑏𝑜𝑢𝑟	𝑚𝑎𝑛ℎ𝑜𝑢𝑟𝑠

Activity
Input Output Productivity

Duration (A) Crew Size (B) Total Manhours 
(C = A * B)

Installed Quantity 
(D)

Unit 
(E = D/C)

Concreting hr number  mhr Volume (m3) m3/mhr

Wire pulling hr number  mhr Length (m) m/mhr

Shield Installation hr number  mhr Number (each) each/mhr
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Policy Formation Program 
Management

Planning/Design Project 
Management/
Administration

Site Construction 

Policy Definition:
- Public works
- Defense 
- Environment 
- Employment
- Conservation 
- Urban Renewal
- Investment 

incentives 
- Etc.

Policy 
Interpretation:
- Design control 
- Quality criteria
- Performance 

standards 
- Usage goals 
- Participation

goals 
- Resource 

allocation 
- Project 

selection 

Project 
Interpretation: 
- Design 
- Materials 
- Quality 

assurance 
- Budget 
- Milestone 

schedule 

Project 
Interpretation: 
- Supplier 

selection 
- Contractor

selection 
- Logistics 
- Resource 

utilization 
- Equipment 

selection 
- Labour pool 

analysis 
- Detail 

scheduling 

Project Execution: 
- Labour training 
- Work rules
- Work conditions 
- Work planning 
- Supervision

$	𝑉𝑎𝑙𝑢𝑒	𝑜𝑓	𝑜𝑢𝑡𝑝𝑢𝑡
$	𝑐𝑜𝑠𝑡	($170	𝑏𝑖𝑙𝑙𝑖𝑜𝑛)

$	𝑉𝑎𝑙𝑢𝑒	𝑜𝑓	𝑜𝑢𝑡𝑝𝑢𝑡
$	𝑐𝑜𝑠𝑡	($8.9	𝑏𝑖𝑙𝑙𝑖𝑜𝑛)

$	𝑉𝑎𝑙𝑢𝑒	𝑜𝑓	𝑜𝑢𝑡𝑝𝑢𝑡
$	𝑐𝑜𝑠𝑡	($546	𝑚𝑖𝑙𝑙𝑖𝑜𝑛)

$	𝑐𝑜𝑠𝑡
𝑝𝑟𝑜𝑗𝑒𝑐𝑡	𝑢𝑛𝑖𝑡	(𝑚𝑖𝑙𝑒)

$	𝑐𝑜𝑠𝑡
𝑤𝑜𝑟𝑘	𝑢𝑛𝑖𝑡	(𝑚𝑎𝑛ℎ𝑜𝑢𝑟)

_________________________Benefit-Cost-Ratios______________________
(Take into account all factors-tangible, intangible, social, political, economic, etc.)

_______________Unit Cost Ratios_____________

Total Factor Construction Productivity 
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Kellogg, J., Caroll, J.D. and Green, P.E. (1981). “Hierarchy Model of Construction Productivity.” Journal of Construction Engineering and Management, ASCE, 107 (1), 137-152.
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÷

Design Phase:
Engineering Productivity 

= Output/Input

Output: 
- Drawings
- Completed Models
- Quantity of Designed 

Work Item

Input: 
- Design Work Hours

Engineering productivity is less well understood and has 
received less study than construction productivity 
Many engineering companies measure productivity using 
intermediate deliverables such as drawings as output.
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Software engineering is a similar industry, where output is 
measured in terms of Source Lines of Code
However, as Source Codes vary with language level, 
therefore, Function Points (FPs) has been defined as the 
weighted sum of: 

Number of program inputs, outputs, 
Number of user inquiries, and 
Number of files and external interfaces. 

Engineering Productivity = FP produced per person month 

Engineering Productivity Assessment
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Input Coding Output
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Stull and Tucker (1986) attempted to make a quantitative 
evaluation of the effectiveness of the design process by 
studying piping design process:
Parameters to describe the project’s design effectiveness:

Accuracy, Usability, Cost of the design, Constructability, 
Performance against design schedule, Economy of the design, and 
Ease of start-up. 
Parameters evaluation:
• Quantitatively (e.g., Accuracy = number of drawings requiring 

revision/total number of drawings)
• Subjectively using a 1 – 10 scale (e.g., Constructability and Usability) 

Engineering Productivity Assessment: Studies
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Chang et. Al (2001) stated that majority of engineering 
firms today measure productivity based upon the number 
of CAD drawings completed using the earned value 
method. 

Weakness: Productivity values can be easily skewed simply by 
increasing or decreasing the number of drawings delivered for a 
similar project scope 

CII 156 and Kim (2007) recommended the use of physical 
quantity based engineering productivity system:

Driver engineering disciplines for various industries have 
been identified. 

Engineering Productivity Assessment: Studies
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𝐸𝑛𝑔𝑖𝑛𝑒𝑒𝑟𝑖𝑛𝑔	𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 	
𝑂𝑢𝑡𝑝𝑢𝑡
𝐼𝑛𝑝𝑢𝑡 =

𝐼𝐹𝐶	𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦	𝐷𝑒𝑠𝑖𝑔𝑛𝑒𝑑
𝐴𝑐𝑡𝑢𝑎𝑙	𝑊𝑜𝑟𝑘 − 𝐻𝑜𝑢𝑟𝑠
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Table 2.1 Engineering Productivity Drivers by Industry (Source: CII RR 156-11) 

Light Industrial Heavy Industrial Industry → 

Discipline ↓ Process Mech. Process Mech. 
Buildings Infrastructure 

Civil/Structural   × × × × 

Architectural     ×  

Project Mgmt & 
Controls       

Mechanical 
(HVAC,  
Utilities, 
Vessels) 

   ×   

Piping (Design 
& Mechanical) ×  ×    

Manufacturing 
Process 
(Mechanical) 

 ×  ×   

Manufacturing 
Process 
(Chemical) 

×  ×    

Electrical       

Instrument/ 
Controls/ 
Automation 

× × × ×   

Other       

 

The piping discipline was selected as the experimental area because it is 

considered to have a significant impact on an industry-wide basis (Chang et al. 

2001). The team conducted a detailed evaluation of the piping design process and 

sought correlation between the engineering hours for piping design and physical 

measures of quantities. Because piping constitutes a significant portion of the 

costs in delivery of an industrial facility and has had relatively more study in 

 24
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CII RT 156: Proposed a conceptual model for design 
engineering productivity based on:

Raw Productivity (work-hours per designed quantity)
Adjustment factors for:

• Input Quality Factor: For quality and completeness of the design, PDRI 
(Project Definition Rating Index) is useful indicator  

• Scope and Complexity Factor: For project complexity and project 
characteristics 

• Design Effectiveness Factor: For hidden transfer of cost from 
engineering to other parts of the project. Can be measured using % of 
field rework as a result of design tested against industry average. 

Engineering Productivity Assessment: Studies
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𝐶𝑖𝑣𝑖𝑙	𝑜𝑟	𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑎𝑙	𝐻𝑜𝑢𝑟
= 0.0161	 ∗ 𝑆𝑞𝑢𝑎𝑟𝑒	𝐹𝑒𝑒𝑡	𝑜𝑓	𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔	𝐴𝑟𝑒𝑎 + 0.492	 ∗ 𝐶𝑢𝑏𝑖𝑐	𝑌𝑎𝑟𝑑	𝑜𝑓	𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒
+ 6.39	 ∗ 𝑇𝑜𝑛𝑠	𝑜𝑓	𝑆𝑡𝑒𝑒𝑙 + (3.5	 ∗ 𝑁𝑜. 𝑜𝑓	𝐷𝑒𝑒𝑝	𝐹𝑜𝑢𝑛𝑑𝑎𝑡𝑖𝑜𝑛𝑠)

𝑃𝑖𝑝𝑖𝑛𝑔	𝐷𝑒𝑠𝑖𝑔𝑛	𝐻𝑜𝑢𝑟𝑠	𝑓𝑜𝑟	𝐹𝑒𝑒𝑡	𝑜𝑓	𝑃𝑖𝑝𝑖𝑛𝑔
= (0.44985 + 0.00134 ∗ 𝑁𝑜. 𝑜𝑓	𝑃𝑖𝑒𝑐𝑒𝑠	𝑜𝑓	𝐸𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡)
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CII RT 156 suggested approaches: 
Off-the-Shelf approach: Using CII equations for establishing 
baselines 

Engineering Productivity Assessment: Studies
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Figure 2.4 Suggested Process of PT 192 Model Implementation Approaches 
(Source: CII 2004) 

Actual Hours

Basis Hours
= Avg & range

by discipline

Off-the-Shelf Approach
Collect Data on

Historical Projects

Step 3:
Trend index over time to judge impact of 
changes made to detailed engineering processes

Calculate Basis Hours
Using PT192 Factors

Step 1:
Establish Baseline 
Productivity

Custom-Tailored Approach

Collect Data on 
Historical Projects

Data Collection Instrument Including
Potentially Relevant Design Quantities

from PT 192

Repeat Methods Used by 
PT 192 to Develop Company 

Specific Correlation Equations

Step 1: Establish company-specific 
basis hour equations.

Step 2: Determine Productivity Index 
for current and future projects.

Collect Data on
Current/Future Projects

Design
Quantities

Design Hours
by Discipline

Design 
Quantities

Design Hours
by Discipline

Calculate Basis Hours 
Using Correlations

from Step 1

Productivity
Index

Actual Hours
Basis Hours=

Step 3: Trend index over time to judge 
impact of changes made to 
detailed engineering processes.
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CII RT 156 suggested approaches:
Custom-Tailored approach: User develops their own basis 
hour functions or productivity models based on data 
collected from past projects. 

Engineering Productivity Assessment: Studies
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Framework for productivity modeling using historical data

Productivity Models: 
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various trades, including earthmoving equipment productivity
!Karshenas and Feng 1992", concrete construction productivity
!Sonmez and Rowings 1998", formwork production rates !Portas
and AbouRizk 1997; AbouRizk et al. 2001", and pipe spool fab-
rication and installation productivity !Lu 2001". Another produc-
tivity modeling method, construction simulation, takes a different
approach in that it explicitly models a construction process detail
operations, influencing factors, resources, and their interactions.
For example, Zayed and Halpin !2005" studied piling process
productivity and cost assessment using simulation. Wales and
AbouRizk !1996" proposed a process simulation model combined
with a continuous-change weather process model to study the
effects of weather on productivity. In this research here, ANN and
simulation techniques are utilized to model steel drafting and fab-
rication productivity.

Historical Productivity Data Collection

To develop a productivity model, a large amount of comprehen-
sive and accurate historical data is indispensable. This may mean
that years of productivity data must be tracked and stored. Unfor-
tunately, many contractors cannot take advantage of the produc-
tivity modeling approach due to the lack of accurate, consistent,
and comprehensive data from past projects. First, many compa-
nies do not have a formal process for tracking and collecting
actual project progress and expenditures, which means that his-
torical data are simply not available for productivity analysis
!Motwani et al. 1995". Second, data-collection procedures and
methods may vary across different projects, which means that
data are not available in a consistent and complete format that is
suitable for meaningful analysis. Third, if data are collected in
paper-based systems, the cost of data collection may be prohibi-
tive due to the time-consuming nature of manual data retrieval
!Azhar and Ahmed 2007". Finally, many companies use comput-
erized cost-accounting systems or cost-control systems to produce
productivity data. Unfortunately, for cost-control purposes, data
are normally gathered at a summary level. For productivity mea-
surement and estimating, data may also have to be tracked and
analyzed at a more detailed activity or even operation level.

The lack of accurate, consistent, and comprehensive data from
past projects has limited the application of many advanced pro-
ductivity modeling techniques, such as ANN and simulation. In-
formation systems and database technologies provide an efficient
way to capture and manage project data for project control, but to
make these information systems useful for productivity modeling,
the data required for productivity modeling must be explicitly
defined and considered during the information system develop-
ment or upgrade process.

In summary, the literature review suggests the following issues
that must be addressed: !1" how to define a reliable and consistent
productivity measurement method; !2" how to efficiently collect
historical data; and !3" selection and development of appropriate
productivity models. The following section describes an overall
methodology to address these issues.

Research Methodology

This research addresses the identified productivity issues through
a systematic productivity modeling approach of measuring pro-
ductivity, collecting historical data, and using historical data and
advanced modeling techniques to model and predict productivity.
The research aims at improving the current understanding of pro-

ductivity measurement, data collection, and the selection and de-
velopment of advanced models for productivity estimating. At the
industrial level, the objective is to improve the collection and
utilization of productivity data by standardizing its structure and
enhancing its interpretation to improve the accuracy of project
planning. Fig. 1 shows the research methodology, which contains
three main stages: productivity measurement, data acquisition,
and productivity model development.

The method of measuring productivity is a fundamental deci-
sion that governs what data should be collected and what model-
ing techniques may be used. Although the input is measured in
labor hours, several candidates for measuring work outputs may
exist, so an appropriate output measure must be determined.
Moreover, in this research, the productivity measurement concept
is extended beyond the traditional view of input and output mea-
surement to include the identification of productivity-influencing
factors, because these influencing factors must be defined before
historical data can be collected. These influencing factors are in-
dependent variables, and productivity is the dependent variable.
Productivity factors can be identified by industry experts or
through field observations. After the method of productivity mea-
surement has been chosen and the productivity-influencing factors
have been defined, a specification can be prepared to describe
data requirements for productivity modeling, including data for-
mat and the level of detail required.

The second stage is to identify and implement data collection
methods for the three categories of data required, including work
input, output, and influencing factors. Characteristics of these data
categories are different in many ways. Data may be subjective in
nature, meaning that it can only be collected from project person-

Fig. 1. Framework for productivity modeling using historical data
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attached to them. Although productivity data in terms of work-
hours per ton are available from historical data, estimators seldom
use these numbers to estimate new jobs due to the uniqueness of
steel pieces. In detailed estimating, estimators perform quantity
takeoff and estimate the labor cost of every fabrication activity for
every steel piece, with consideration for the complexity of steel
pieces and the actual working environment. Theoretically, the
above-mentioned unitization scheme can be applied to steel fab-
rication as well. However, unlike steel drafting, the productivity
data of each steel piece can be collected through time studies,
which means that the complexity of a steel piece and its process-
ing time can be collected and used to explicitly measure produc-
tivity on a piece-by-piece basis. This approach is more accurate
than the unitization method, which has to be based on a subjec-
tively determined complexity factor matrix. Therefore, it was de-
cided that productivities of individual shop fabrication activities
should be measured directly as the processing time of a steel
piece.

Verifying Output Measurement Using Historical Data

A quantitative way to evaluate the quality of output measurements
against above-mentioned Criterion 1 is to perform a correlation
analysis between the output measured by different units and the
input. A good measurement of output should have a high correla-
tion with the input, which is measured by labor hours. For steel
drafting, a correlation analysis was conducted to compare the per-
formance of drafting unit to other traditionally used units, includ-
ing weight, quantity of drawings, and quantity of steel pieces.
Historical data from a total of 59 steel drafting projects were
collected from the collaborating company for the correlation
analysis. These measurement units were compared and ranked by
correlation coefficient, which indicates the strength of the rela-
tionship between a measurement method and labor hours. The
correlation coefficients for drafting unit, drawing, weight, and
number count of steel pieces are 0.88, 0.75, 0.67, and 0.53, re-
spectively, showing that the drafting unit outperforms other com-
monly used units. A t test at the 95% level shows that the
correlation is statistically significant. Thus, the drafting unit is
selected to measure steel drafting output.

Measuring productivities of individual shop fabrication activi-
ties on a piece-by-piece basis is obviously more accurate than
measuring solely by the weight of steel pieces, as the complexity
and uniqueness of the steel pieces are not considered. The accu-
racy of the piece-by-piece method is statistically tested in the
section of productivity modeling presented later.

Identifying-Productivity Influencing Factors

Productivity-influencing factors must also be identified and re-
corded for productivity modeling. Influencing factors that affect
drafting productivity were collected through a literature review
and interviews with draftspersons and estimators. A number of
factors regarding project overall complexity, crew qualifications,
and working conditions were considered relevant to drafting
productivity. Several factors that were initially included were
dropped because no variation was observed due to consistent
practice, such as the CAD-based drafting method. Factors that
describe the complexity of steel pieces, such as the percentage
of bracings and the percentage of handrails, were not considered
as influencing factors because they were already considered in
the unitization method. Finally, 17 factors were identified, as
shown in Table 1. The same procedure was applied to identify

productivity-influencing factors for steel fabrication activities,
such as steel fitting. The steel-fitting activity involves fit and tack-
weld fittings to a steel piece temporarily for the final welding
operation. Factors influencing fitting productivity include piece
weight, piece length, number of cutouts and fittings, fitter skill
level, and working shift.

During the productivity measurement stage, fundamental deci-
sions are made regarding how productivity will be measured, the
level of detail at which it would be measured, and what factors
affect productivity. In this project, steel drafting productivity is
measured by hour per drafting unit at a summary work-package
level, and the productivity of an individual fabrication activity is
directly measured by time consumed to process each steel piece.
These decisions along with the influencing factors identified were
documented in detail in a data specification, which describes the
complete data requirements for designing a productivity data-
acquisition system.

Data-Acquisition System

The data specification produced in the previous stage spells out
all of the categories of data that must be collected. A data-
acquisition system is a collection of data-collection policies, pro-
cedures, and techniques to capture productivity data from actual
projects. The development of a data-acquisition system requires
an examination of the nature of productivity data and careful
evaluation and selection of data-collection techniques.

For the case study, required historical data include labor hours,
activity output, and the values of productivity-influencing factors.
These data categories can be collected at two different levels of
detail, which are the work-package level and the individual-piece
level. The first row and the first column of Table 2 show the data
categories and the levels of detail, respectively. For steel drafting,
labor hours of draftspersons and the values of productivity factors
can only be reasonably collected at the project level in the col-

Table 1. Productivity-Influencing Factors for Steel Drafting

Number Factor Description

1 Project type Structural/plate work/both
2 Work scope Supply only/supply and erect
3 Contract type Lump sum/unit price
4 Piece cloning Percentages of unique pieces

over all pieces
5 Dynamic structure Yes/no
6 Fireproofing Yes/no
7 Special fall arrest

provision
Yes/no

8 Overall complexity 1 very high, 3 average, 5 very low
9 Draftsperson

qualification
1 very low, 3 average, 5 very high

10 Crew size 1–2, 3–5, 5+
11 Client Index derived from historical data
12 Engineer firm Index derived from historical data
13 Engineering standards 1 very low, 3 average, 5 very high
14 Administration Percentages of administration hours

over total hours
15 Overtime Percentages of overtime hours

over total hours
16 Subcontract Percentages of subcontracts
17 Total work quantity Quantity in drafting unit
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Modeling techniques: Regression, Expert Systems, 
Neural Networks, Self-Organizing Maps, System 
Dynamics, Fuzzy Rule-Based Systems 

Project Management                   Engineering Productivity



Abraham Assefa Tsehayae (PhD)

References: 

Kim, I. Development and Implementation of an Engineering
Productivity Measurement System (EPMS) for Benchmarking. PhD
Thesis, University of Texas at Austin, 2007.
Song, L. and AbouRizk, S. M. (2008). “Measuring and Modeling Labor 
Productivity Using Historical Data.” Journal of Construction 
Engineering and Management, ASCE, 134 (10), 786 – 794.
Kellogg, J., Caroll, J.D., and Green, P.E. (1981). “Hierarchy Model of 
Construction Productivity.” Journal of Construction Engineering and 
Management, ASCE, 107 (1), 137-152.

16/16Project Management                   Engineering Productivity


