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Abstract

The Indian construction industry is facing challenges due to performance shortfalls. The construction projects are
highly complex, distinctive, fragmented and do not have of well-established performance assessment models to
evaluate their project success. Assessing overall project success is not possible to measure by single factor. To address
this limitation, the Modified Project Quarter Back Rating (PQR) model was developed for the Indian construction
industry. Modified PQR model’s output is a project score based on performance areas affecting project success and
outcome. The model integrates ten performance areas that have identified through literature review. Performance areas
included in the model are; (i) Cost (ii) Schedule (iii) Stakeholder satisfaction (iv) Safety (v) Quality (vi) Finance (vii)
Environment (viii) Communication and collaboration (ix) Customer relation and (x) Productivity. These performance
areas are measured through different performance metrics; i.e. performance metrics scores are aggregated to compute
performance area scores. The model gives a single score that will help in comparing overall performance for different
projects. This paper attempted to highlight the importance of performance metrics in modified Project Quarter Back
Rating (PQR) based construction project performance assessment model for the Indian construction industry. The
validity of the model needs assigning appropriate weights to the performance metrics as the weightage determines the
relevance. Appropriate weights were determined using two round Delphi survey with 12 experts. Findings reveal that
two performance metrics; return business from customer relation and OSHA recordable from safety have high weights.
This modified PQR model will help key participants of the industry to compare the performance of various projects and
to monitor performance areas that impact project performance rating.
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1. Introduction

The success of any construction project can be achieved by assessing project performance areas.
The performance areas are considered important to monitor the project and need to ensure project
objectives. There is a need to understand performance areas that influence project success.
Traditionally performance areas i.e. cost, time, quality and meeting technical requirements were
exclusively pursued the project success (Bourne et al., 2000). Various studies have considered
project success as complex and encompass many other areas (Shenhar et al., 2001; Jugdev and
Muller, 2005). In spite of several attempts to define project success, many studies concluded that
project fails and do not achieve their objectives (Papke-Shield et al., 2010; Cicmil and Hodgson,
2006). Therefore, there is an enduring need to identify the performance areas that influence
project success positively. Majority of researchers have focused on identifying performance areas
to measure project success. However, these studies focused on comparing construction projects
based on one or multiple performance areas but no attempt on combining all areas to get a single
score. Various studies examine the definition of ‘project success. Despite of similarity in
literature, there is no accord among researchers for a comprehensive measure of project
performance. The main reason is that each project has different priorities and project goals.
Subsequent research has attempted to develop project performance models that can evaluate
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project success such as The Balanced Scorecard; EFQM 2005; performance prism etc. Some
models use subjective evaluation of performance areas based on expert’s opinion and experience
thus limiting its validity (Liu et al. 2014). It is also tedious to develop a standard model that
consider all performance areas which determine the impact of each of their area on project
success (Yong and Mustafa, 2013; Hanna et al., 2014). Recently, Hanna et al., (2014) and EI
Asmar et al., (2015) developed rating method which based on weighted average of key sports
performance metrics to compare quarterback. This Quarterback rating is calculated by adding
individual scores of Total Passing Yards, Quarterback Pass Attempts, Completed Touchdown
Passes, Total Interceptions and Quarterback Pass Completions. This was consolidated to a single
score that can be used to compare the performance of players. In this regard, Project Quarterback
Rating (PQR) is an approach to evaluate the performance of construction projects (El Asmar et
al., 2015). This rating model combines seven areas namely, customer relations, communication,
schedule, profit, safety, quality and cost and leads to a single score which is utilized to compare
the performance of construction projects. This study is limited to the Integrated Project Delivery
system and hence needs modification to suit other type of construction projects.

Considering that performance priorities are contextualized in nature, this paper focuses on the
adaptation of PQR model in the Indian construction industry. Hence, there is a need to
contextualize PQR model to reflect performance areas for the Indian construction industry.
Therefore, the word modified Project quarterback rating (PQR) is adopted. This paper presents a
modified PQR model to assess the performance of construction projects in terms of ten
performance areas consisting of: Cost (C), Schedule (S), Stakeholder satisfaction (St), Safety
(Sa), Quality (Q), Finance (F), Environment (E), Communication and Collaboration (Co),
Customer relation (Cu) and Productivity (Pr) and 28 performance metrics related to their project
performance areas. The main objective of this paper is to assign appropriate weights for
performance metrics that combine their performance areas in the modified PQR Model.

2. Research Method

An extensive review of the literature was conducted and a detailed list of performance areas was
prepared. Taking effectiveness and suitability into consideration the suggestions given by
industry professionals on the Indian construction industry, the performance areas and metrics
were finalized. In this regard, a questionnaire-based survey was used to evaluate performance
areas suitable for Indian construction projects. Following this, the Delphi technique is used to
allocate weights for performance metrics in the modified PQR Model.

2.1 Delphi Technique

Delphi method is a qualitative research method in which the survey instrument is used to provide
answers with the opinion of experts. According to Scholl et al. (2004), Delphi technique can be
used when there is less information available about a topic. The Delphi technique is widely used
and accepted in various field of construction management such as safety, cost, schedule
(Hallowell and Gambatese 2009; Dawood and Sikka, 2009; Ke et al., 2010, Lin et al., 2011),
guality management (Heras Saizarbitoria, 2006; Papic et al., 2017), GIS (Hatzichristos and
Giaoutzi, 2006), labour issues (Shapira and Lyachin, 2009), risk management (Perera et al., 2014)
etc to achieve convergence of views through the experts panel. The consensus is achieved
through several rounds of expert’s opinion.
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2.2 Questionnaire Development

A survey instrument was developed to gather responses from professionals in the construction
industry. There are various methods used for assigning weights for factors. The most common
method is the 100-point method, which was used and it consists of 100 points should be
distributed among each performance criteria’s (Nijkamp et al., 1990). The respondents were
requested to assign weights to performance metrics in order to reflect the impact on specific
performance area and is expressed on percentage. In order to validate survey content validity was
used to check whether the performance area covers all performance metrics (Hair et al., 2010).
The questionnaire was independently evaluated by 3 academic experts, 2 research experts and 2
industry experts for content validity. After content validity, the questionnaire was refined by
experts’ opinion for assigning weights using the Delphi technique. Sampling frame consists of
project managers, academicians and industry experts from were identified for adopting this
technique. There is no exact sample size calculation for the Delphi technique (Skulmoski, 2007).
The approach is based on open-ended questions to which experts were asked to answer.

Numerous studies have used two to three rounds to reach stable result to achieve the level of
consensus. In this study, two rounds of the Delphi survey were conducted. The experts involved
in the survey were having professional experience of 10 years in the industry and having sound
knowledge in construction management practices. Initially, 20 experts were willing to participate
in the study. All 20 members were contacted via email. Descriptive statistics were analyzed for
mean of performance metrics was analyzed for both rounds and weights were finalized. An
average of 4-6 weeks was required to collect and data for both round of Delphi questionnaire. The
data was analyzed and presented as final summary of assigned weights. The flowchart of survey

activities is shown as Figure 1.
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Figure 1. Flowchart of survey
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3. Data Analysis

3.1 Modified PQR Model Formulation for Indian Construction Industry

Modified PQR Model approach combines ten performance areas. For the purpose of formulation
of PQR; model, weighted average formula of different performance areas (Aj;) was used as shown
in Equation (1)

PQR; =Y%{_, W;A;; 1)

where, Wi= weightage of performance area ‘i’; 1=10;
=1,2,3...... 10 as there are 10 performance areas

J=1,2,3...... n as there are ‘n’ respondents.

Ajj= score of project j for performance area i.

Figure 2 shows the detailed structure of the modified PQR model. Tier | represent the single PQR
score, Tier Il represent ten performance areas (Aj) and Tier Ill represent components which
combine these ten performance areas which is indicated as performance metrics (Miyx). The
overall project performance rating PQR; depends on performance areas i. The performance
scores Aj for each of the ten areas also integrate many performance metrics Mix as shown in
Figure 2. For example, Schedule performance area is combination of three performance metrics
construction speed, schedule payment, and schedule growth. The project score achieved by
performance metrics is represented as ‘M’ where ki’ is 3, representing number of metrics that
combine schedule performance area ‘i’. If i represent schedule performance area then ‘Aj’
represents project score for schedule area. Aj combines of Mk The mean value and standard
deviation value were calculated for each performance metrics ‘k’ in each performance area %’.
The unit of measurement is different for each performance areas such as cost and quality hence
there was a need for standardization to measure according to a standardized scale. For instance,
guality performance area include four metrics with differents unit of measurement.
Standardization shifts the mean value of the distribution to zero (El Asmar et al. 2015). In similar
way, standardization for each project score ‘M’ is standardized to ‘Zjy’. The modified PQR
Model is shown in Figure 2.

The project score for each performance area is calculated as shown in Equation (2):

Aij = Tk Wi Zji 2
Wi= Weight of each performance metric within a specific performance area ‘i’. The Zix
represents Z scores. The “Zjj’ are centered on zero and consists of positive and negative values.
The assigned weights were obtained from the Delphi technique. The assigned weights will
highlight the importance of performance metrics within specific area. Details about Delphi
technique will be explained in the later section.

¢Z’ scores are calculated using Equation (3).

Ziji = (Xijk — Wik)/ ik (3)
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Figure 2. Modified PQR Model

In Equation (2) and Equation (3), the normalization method is used to standardize ‘Aj’ scores.
The x;j, denotes original performance metrics scores. u;, and oy are mean and standard
deviation of the performance metrics. The mean of altogether Ajj is zero, A is divided by overall
standard deviation of Aj. The final Aj result can be interpreted that a positive value represents
above average performance and a negative value represents below average performance and zero
indicates average performance. Lastly, the standardized project scores for performance area are
combined into Equation (1).

3.2 Modified PQR Formula
The weighted average scores for ten performance areas were calculated from the survey. Weights
of all performance areas are calculated as shown in Equation (4)

Weights of Performance areas = [Z“’FP;A] * 100 (4)

pa=0FpPa
Fea= Frequency of each performance areas.
> 10 —o Fpa= Sum of all frequencies of performance area.

Performance Areas Scores (PAS) for all performance areas (C, S, St, Sa, Q, F, E, Co, Cu, and
Pr) were calculated as shown in Equation (5). The weights (Wtasi, Wtas2... Wtasy) for 28
performance metrics were calculated using Delphi study.

PMq—-M1 PMo—M2 PMn—Mn
WtASl*( SD1 )+WtASZ*( SD2 )+ .......... WtASN*( SnDn )

SD

PAS = 5)

Wiasi= Weightages assigned for first performance metrics in a specific area by Delphi
method.
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Wiaso= Weightages assigned for second performance metrics in a specific area by Delphi
method.

PM;= First Performance metric in that specific performance areas.

PM_= Second Performance metrics in that specific performance areas.

M;= Mean score of first performance metrics in a specific area.

M,= Mean score of second performance metrics in a specific area.

SD;= Standard deviation score for first performance metrics in the area.

SD,= Standard deviation score for second performance metrics in the area.

SD= Overall standard deviation score for specific performance area.

PMi, PM, ...PMn will be calculated using measurement scale of that specific
performance metrics.

Similarly, project scores for different performance areas can be calculated and used in modified
PQR Equation (5).

The weight coefficient of performance areas here is calculated and is used in the modified PQR
formula as shown below in Equation (6).

WrCHW g S+W g xSt+WggrSa+Wo+Q
+WExF+WEg*E+W co*Co+W cyy*Cu+W py*xPT
PQR — F E CoSD Cu Pr (6)

The denominator value is the overall standard deviation for all project scores. The
weights established for ten performance areas are indicated as We, Ws, Wst, Wsa, Wg, WF,
WE, Wco, Wey, and Wer, and calculated using Equation (2). The weights for performance
metrics calculated with the Delphi technique will be discussed in the forthcoming section.

3.3 Delphi Round -1

The Round-1 of the Delphi questionnaire was a structured questionnaire for collecting weights of
performance metrics in specific performance areas. In the survey, respondents were asked to
provide weights in percentages (0-100%) for performance metrics to represent the impact of
project performance in the construction industry. These weights represent the importance of each
performance metrics to the corresponding performance area. A detailed description about the
survey is provided to the respondent before conducting round —I of Delphi survey. Round one
was completed by 12 people with a response rate of 60%. The profile of experts for the Delphi
group is highlighted in Table 1.

Table 1. Demographic profile of expert

Projects Number of experts Experience(years)
Infrastructure 4 10-15
Commercial 2 10-12

Residential 2 10-11
Academicians 4 25-40
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Respondents were asked to send response within 20 days. The responses received were
summarized and analyzed to obtain the levels of consensus. The mean score value is calculated to
indicate the level of consensus from Delphi round- | (Singh and Singh, 2017).

3.4 Delphi Round-I1

Delphi round Il was conducted after five weeks from round one. In the second round of Delphi
study, the results from the first round were presented to the respondents and were asked to modify
the weights if necessary. The respondents were allotted a time period of 15-20 days to submit
their responses. Round Il was completed with the same response rate of 60%. All responses were
then analyzed collectively. The results obtained have been summarized in results and discussions.
Comparison of the results of the round I and 11 showed a slight change in responses.

4. Result and Discussion

The study of focuses on determining the weights of the round | and Il obtained from Delphi
survey. These are summarized has represented in Figure 3. Cost performance area covers
Construction Unit Cost (CUC), Cost Growth (CG) and Reworks Cost (RC). CUC has the highest
weight (51%) in comparison with the remaining metrics RG (25%) and CG (24%). This is
because CUC explains direct and indirect cost in the project and slight deviation or change in this
will significantly impact the performance of the project. In the schedule performance area, Delphi
experts assigned 48%, 28% and 24% weights to Construction Speed (CS), Schedule Payment
(SP), and Schedule Growth (SC) respectively. CS was given the highest weight compare to SP
and SC. SP and SC show that they are almost equally important for the progress of work. The
schedule performance area is used to assess to use how project monitor to the planned schedule.
Safety performance area includes OSHA (OS), Lost Time Injury (LTI) and Fatalities (F). Panel
members assigned maximum weightage (62%) for OSHA safety practices as it needs to be strictly
followed on site. LTI and fatalities were assigned 21% and 17% respectively. Proper safety
management practices should be taken care of the project team members to avoid accidents and
miscellaneous cost. Project Quality (PQ), Defect Liability Period (DFP), Item beyond cost (IBC),
and Defect Cost (DC) covered quality area. PQ was given highest weight (55%) among the rest of
the metrics. Poor performance with respect to quality will lead to rework and hence it should be
monitored continuously for better project performance. The quality performance area in the
construction industry helps to ensure that projects will achieve the requirements of as per quality
standard. Environment area covers four metrics namely, Social (S), Technical (T), Political (P)
and Economic (E) with the weight of 24%, 33%, 16%, and 27% respectively. Environment
performance area improves performance in economic and technical terms.
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Figure 3. Weights for performance metrics

Communication and collaboration cover Request for information (RFI), Communication
Management Plan (CMP), Frequency of Meeting (FOM), and Impact of meeting (IMP). RFI was
assigned less weight of 40% as it is an important source of the project. CMP and IMP had the
weight of 22% and 20% and less weight was for FOM (18%). Proper communication is essential
for successful construction projects. It will benefit to find ways to integrate and work together
effectively. Among performance areas, Customer relation includes Return Business (RB),
Dispute Claims (DC), and Feedback Policy (FP). RB (62%) was found to be highly significant
among all performance metrics as it led to higher prospective clients. DC was given less
weightage (18%) as it consumes time for project completion. Feedback policy was given slightly
more weight (20%) as it is significant in long-term improvement of project performance. Many
stakeholders assess the performance of the project and understand the satisfaction requirement of
the customers. The stakeholders track the satisfaction with feedback and their rating. Maintaining
good customer relations with stakeholders will help to complete the project successfully.
Equipment Productivity (EP) and Labour Productivity (LP) were given 57% and 43% importance
in the productivity area. Poor productivity among other areas may have an impact on construction
time and cost overruns. Rewards, incentives, levels of expectation, and the well-being of workers
are some factors that influence the productivity of the construction industry that impact project
performance. The weightages assigned to each of the performance metrics indicates the degree of
importance in considering each metrics corresponding to performance areas.

5. Conclusion

The paper introduces construction based project performance assessment tool is modified PQR
model to assess project success. In this assessment tool, weights are assigned to performance
metrics and method to determine their weightages with Delphi technique is proposed. The
modified PQR model can give new way to manage the business. It can be used in decision
making for management. Hence this model assists key participants of the project to prioritize
their efforts towards evaluating performance metrics in the specific areas. The Delphi expert
panel resulted in identifying the importance of performance metrics in the Indian construction
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project, which require a significant level of modified PQR Model. After analyzing weighting
distribution results, Return business and OSHA recordable have obtained maximum importance
and hence has the largest influence on project performance. IBC and DC have low importance.
Furthermore, the panel members seem to recognize the importance of ignored performance
metrics such as communication and collaboration, productivity and environment. In order to have
successful projects, the professional experts have the arduous task of having best practice across
the industry in the aspect of all key participants. While the data on which these findings are
limited to specific geographic constraints. Future research can demonstrate the applicability of the
modified PQR model with a case study.
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