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 Effective management of engineering productivity is critical to achieving overall 

project success .Although engineering cost has approached to the level of 20 percent of 

a project’s total cost on some industrial projects, engineering productivity is not well 

understood. For these reasons, the Construction Industry Institute (CII) developed an 

Engineering Productivity Measurement System (EPMS) that consists of quantity-based 

metrics to directly measure engineering productivity, and drive continuous performance 

improvement. However, barriers to system implementation exist. Productivity metrics 

in the EPMS are measured for various disciplines and thus evaluating overall 

productivity was initially difficult because of the lack of a summary metric. Because the 

EPMS is still new to the industry, limited understanding of its metrics has presented a 

challenge to gaining acceptance for its use in benchmarking. This has inhibited the 

realization of its potential for supporting improvement. Now that a dataset for the 

EPMS has been compiled, however, analyses can be performed to support research and 

the resulting findings will help to overcome implementation barriers of the EPMS. We 

wants to developed this research with data from the EPMS and input from industry. 

Feedback was collected in CII training sessions, committee meetings, and industry 

forums. The researcher undertook quantitative analyses using the EPMS data. The 

results will assist industry practitioners to effectively monitor and manage engineering 

process to reach project success. 

 

 

© 2013 AENSI Publisher All rights reserved. 

 

Introduction 

 

 Productivity research in the construction industry has been ongoing since the early 1960s. Research results 

include measurement development, management and control process, factor exploration, and prediction that 

have enriched the body of knowledge. However, the research still concluded that productivity is difficult to 

measure and control (Crawford and Vogl 2006;Motwani et al. 1995). 

 Despite the difficulties of productivity research, the concept of construction productivity is familiar to the 

industry and its measurements are generally accepted. In contrast, engineering productivity is relatively less well 

understood and been rarely studied even though engineering cost has increased in many cases to 20 percent of 

the total project cost (Kim 2007). The reason that engineering productivity research has not advanced more is 

because it is difficult to measure. 

 The Construction Industry Institute (CII) worked for several years to develop a system to effectively 

measure and enable the analysis of engineering productivity (CII 2001; CII 2004). A breakthrough was archived 

in 2004 when consensus definition were accepted after numerous workshops and training sessions (Kim 2007). 

These metrics were incorporated into CII’s engineering productivity metric system (EPMS) as an important step 

towards ongoing assessment and ultimately engineering productivity improvement. 

 Although the EPMS was a major breakthrough for engineering productivity benchmarking, two main 

criticisms remained. First, despite the 50 metrics at various levels, no summary metric was available; therefore, 

it was difficult to assess overall productivity performance. Second, understanding of engineering productivity 

remained limited because the EPMS metrics were still new to the industry. Consequently, there is a lack of 

information to improve engineering productivity effectively. 

 

1.2. Research Motivation: 

 Although engineering productivity could now be assessed using the metrics in the EPMS, comments 

received from various CII training sessions and workshops revealed the need for a summary index to assess 

engineering productivity at the discipline and project levels. 
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 Other industry input asserted that, even though the standardized engineering productivity metrics were 

promulgated in 2004, understanding of these new metrics was still limited. Previous studies had examined 

factors impacting engineering productivity, but their findings were inconclusive partly because of a lack of the 

data based on industry consensus definitions. This has inhibited analyses and understanding of the factors 

impacting engineering productivity. Therefore, benchmarking and improvements in engineering productivity 

have remained a challenge to the construction industry. 

 Construction projects have intensive information exchange among fragmented parties and engineering is no 

exception. Effectively managing information exchange among various participants is critical to project success 

(Pekericli et al. 2003). Therefore, understanding information dependencies among different project participants 

greatly affects the strategy of information technology (IT) investment for productivity improvement. 

Nevertheless, research exploring information dependency in the construction industry has been inadequate. 

Practitioners expect that productivity of various participants is related in a task-dependent network because 

these tasks share information and collaboration is required. The EPMS provides an opportunity to explore 

engineering task dependencies. 

 

1.3. Research Purpose: 

 CII developed a series of metrics using direct work hours and quantities as a means to benchmark 

engineering productivity. Based on these metrics, the main purposes of this research are to construct summary 

indices and to examine their relationships with various performance metrics, to identify influence factors 

affecting engineering productivity, and to investigate information dependencies among engineering disciplines. 

 

1.4. Research Objectives: 

 To fulfill the purposes of this research, four objectives were established: 

1. To develop and validate discipline and project level engineering productivity indices for selected disciplines. 

2. To identify factors that influence engineering productivity. 

3. To model information dependencies of major engineering disciplines using the EPMS metrics. 

4. To examine relationships between engineering productivity, engineering performance and overall project 

performance. 

 

1.5 Research Hypotheses: 

 To support the research objectives stated in Section 1.4, four research hypotheses were developed as 

follows: 

H1: Well formulated engineering productivity indices can be constructed for the civil and electrical disciplines 

and for the overall project level. 

H2: Factors which influence engineering productivity can be identified and their impacts can be quantitatively 

assessed. 

H3: Engineering discipline information dependencies can be measured by productivity relationships. 

H4: Engineering productivity is correlated with engineering cost and schedule performance as well as overall 

project performance. 

 

1.6. Research Scope: 

 The main objectives of this research are to develop a reliable method for rolling up metrics, to document the 

relationship between engineering productivity and project performance, to understand engineering productivity 

factors and discipline dependencies. Yet this research is limited in three aspects: it is focused on design process 

efficiencies; it utilizes a single data source; and it covers only selected disciplines. These limitations are further 

discussed below. 

 

2. Literature review: 

 The literature review provides a general background of engineering productivity research in terms of 

reviewing the EPMS, influence factors, discipline information dependencies, and relationships between 

engineering productivity and project performance. Several gaps were identified and summarized in Table 1. 

 Discipline and project level engineering productivity indices are needed. Although the CII EPMS was 

developed at various levels due to the consideration of the data collection flexibility, productivity summary 

indices are desired. 

 Currently, each discipline in the EPMS tracks engineering productivity with different units and thus this 

presents a challenge to adequately roll up metrics to an overall index for assessment and decision-making. 
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Table 1: Research Gaps. 

Review Topics Review Summary Research Gaps 

 

The CII engineering 

productivity metric system (EPMS) 

 

The EPMS was developed 

with industry consensus. 

In the EPMS, discipline and 

project level indices are 

needed for assessment and 

decision-making. 

 

 

Engineering productivity 

influence factors 

Common engineering productivity factors 

were identified, including project size, 

project type and number of equipment 

piece; however, understanding is still 

limited. 

 

Engineering productivity 

factors need to be discovered 

for internally improvement 

and externally benchmarking. 

 

 

Engineering information 

dependencies 

Effectively management of 

engineering information 

exchange is critical to project 

success. However, few studies 

measured information 

dependencies in the heavy 

industrial projects. 

 

Understanding of discipline 

information dependencies 

needs to be discovered to drive 

continuous engineering 

productivity improvement 

 

 

 

Relationships between engineering 

productivity and project cost, schedule, 

and change performance 

Engineering productivity 

may correlate with project 

cost and change 

performance; however, 

findings are still limited. 

- Engineering productivity 

measures used in previous 

research were unreliable and 

thus results may be 

inconclusive. 

 

 

The relationships between 

engineering productivity and 

project performance need to be 

documented to support 

investments in improved 

engineering productivity 

 

 Discovery of engineering productivity factors is critical but current findings are limited. Although previous 

studies discussed engineering productivity factors such as project size, project type and number of equipment 

piece, these studies were based on different productivity units in various levels of details. Furthermore, use of an 

unreliable productivity measure may lead to inconclusive results. Using regression based on limited sample size 

may overlook crucial engineering productivity factors. Because the EPMS consists of metrics with industry 

consensus and sufficient samples, factors’ impact on engineering productivity can be investigated in a macro-

view for organizations internally improving and externally benchmarking engineering productivity. Effectively 

management of information exchange is critical to project success; however, few studies have measured 

information dependencies between engineering disciplines. Previous studies modeled information dependencies 

qualitatively or focused on the building industry. Consequently, a means to quantitatively represent discipline 

dependencies is still missing to assist continuous engineering productivity improvement efforts in the heavy 

industrial projects. 

 Understanding of the relationship between engineering productivity and project performance is still limited. 

Although many studies focused on how construction productivity impacts project performance, few studies have 

examined engineering productivity. Furthermore, findings from the reviewed studies may be inconclusive 

because the engineering productivity measures utilized in previous research have been criticized as unreliable. 

Thus, the relationship between engineering productivity and project performance needs to be documented, 

supporting investments in engineering productivity improvement. 

 In order to fill the research gaps listed above, this study developed a framework to analyze data in the 

EPMS and report findings in the succeeding sections. 

 

3. Conclusion and Future Work: 

 To investigate the research hypotheses presented in above , an overall methodology was developed. First, 

the research was formulated through purpose, scope and hypotheses development. Second, the Engineering 

Productivity Metric System (EPMS) was evaluated and updated. Third, industry engineering productivity data 

were collected, validated, and reviewed prior to quantitative analyses. Fourth, productivity indices were 

constructed at the discipline and project levels and tested using different approaches. One of these indices will 

be  selected because it is best suited to quantitatively examine and qualitatively evaluate the data. The analysis 

results will be documented and assessed with industry expert to develop an extensive understanding of the 

EPMS. Fifth, using the selected indices, this research discovered engineering productivity knowledge with 

industry practitioners an verified it against statistical findings from the EPMS data. Three areas are focused 

upon: 1) the relationships between influence factors and engineering productivity, 2) the information 

dependency models among engineering upstream and downstream disciplines and, 3) the relationships between 

engineering productivity and project performance. Lastly, research findings, conclusions and recommendations 

will be documented. 
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