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a b s t r a c t

Conformance with standard corporate and institutional processes and industry best practices are sought
because of regulatory requirements and evidence that best practices lead to improved project perfor-
mance. Automated workflow engine enabled Industry Foundation Processes (IFP) are introduced in this
paper that facilitate process conformance through structural transparency, foundation process inheri-
tance, and automated conformance checking. While IFP processes can be customized to suit particular
project or corporate conditions, they need to conform to a standard core structure and thus behavior.
This has been achieved through defining specific workflow inheritance rules and developing an auto-
mated structural process conformance checking algorithm. The algorithm has been developed based
on graph theory fundamentals using a first-order logic language, which compares two workflows and
detects the conformance of a customized one with its associated IFP. The developed algorithm has been
functionally tested and validated with different structural settings of workflows with a number of critical
cases. Its functionality has been demonstrated in this paper with an example of the commonly used pro-
cess of RFI (Request for Information). A new construct is thus contributed that can help improve process
conformance to industry best practices particularly in the architectural, engineering, and construction
industry, leading to improved project conformance.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Traditionally, information systems have played a vital role in
managing a business, enterprise, or project by supporting
improved decision making. They have been widely used for creat-
ing, organizing, storing, retrieving, manipulating, and distributing
information, and have had a positive impact on productivity and
performance. Over the years, however, their applications and scope
have been expanded from conventional data-aware information
systems, such as database management systems, to process-
aware information systems, such as business process management
(BPM) and workflow management systems (WfMS) [1,2]. Conven-
tional data-centric information systems are still an important
backbone of modern information systems [1], but today’s informa-
tion systems rely on efficient and effective processes and best
practices.

In the domain of the construction industry, several research
studies [3–9] have confirmed that utilization of information

systems and adoption of best practices drive performance and pro-
ductivity improvements. The more recent findings of Kang et al.
[4,10], however, revealed that improvements of automated work
processes via information systems is in fact the main driver of
improved project performance, and thus signified the importance
of well-defined processes and best practices. Based on a statistical
analysis of 133 construction projects from the Construction Indus-
try Institute Benchmarking and Metrics database, they concluded
that using information systems without enough attention to prac-
tices has a limited benefit for project performance, but the com-
bined adoption of best practices and employment of information
systems has a more significant impact on project performance.
Their study challenged the common belief of strong direct correla-
tion between employment of information systems and improved
project performance, and suggested shifting focus to improvement
of work processes to be more efficient or effective by adoption of
best practices.

In accordance to this need, this paper introduces the concept of
Industry Foundation Processes (IFP), workflow processes with min-
imal yet essential features, that are based on industry best prac-
tices. They are enacted via workflow management systems, and
are customizable and evolvable to more complex processes
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suitable for specific corporate and project conditions. The system
of IFP workflow processes facilitates development of a standard
core for construction industry common processes to improve pro-
cess conformance and interoperability. The paper then focuses on
mechanisms and the methodology for maintaining the confor-
mance of customized workflow processes with their associated
IFP, and automating this process.

Customization of IFPs is supported in a controlled manner by
defining particular workflow inheritance rules that restrict or
allow certain structural changes in the workflow. The workflow
inheritance rules ensure that the core structure and the control-
flow of an IFP is preserved within the customized workflow. An
automated conformance checking system is developed using Java
and a first-order logic language to streamline the workflow confor-
mance checking process. This system reads workflow definitions
from Microsoft Visual Studio Workflow Designer, analyzes them
for conformance, and visualizes the result. A prototype example
of an IFP process for industrial construction projects, the Request
for Information (RFI), is used along with the conformant and
non-conformant customized versions of this process to demon-
strate the usefulness of the system.

Integration of IFPs into information systems facilitates more
systematic and consistent adoption of best practices throughout
a project lifecycle and from project to project. Developing and
applying a system of Industry Foundation Processes (IFP) can add
value to the use of information systems. The expected end result
is capital project productivity and performance improvements.
Fig. 1 outlines this rationale.

2. Background

Conventional data-aware information systems evolved around
centralized database management systems. Today’s process-
aware information systems facilitate interaction and collaboration
of stakeholders via distributed systems [2]. Examples include
advanced project management collaboration tools, enterprise
resource planning (ERP) systems [11–14], workflow engines [15–
17], electronic document management systems [18,19],
knowledge-based information systems [20,21], and more specifi-
cally electronic product and process management (EPPM) systems
[22,23].

An Electronic Product and Process Management (EPPM) system
is a workflow management system specifically designed for
managing large-scale construction projects. A workflow engine at
the heart of an EPPM system facilitates enactment of workflow
processes; a document management system supports several types
of files and enables sharing and modifying various types of docu-
ments; and a collaboration management system enables project
delivery by collaboration among several stakeholders. In addition,
the kernel of an EPPM system typically offers services, such as for-
mat management, version control, indexing, search, security, and
publishing. EPPM systems store and manage various types of infor-
mation regarding the lifecycle of a project from inception and plan-

ning to execution and startup. These systems not only facilitate
enactment of processes via workflow engines, but they also facili-
tate interaction of process stakeholders and tracking and auditing
of process steps. For example, change management, deliverables
management, or interface management processes typically involve
the interaction of several stakeholders, such as contractors, sub-
contractors, suppliers, consulting firms, and the owner(s). An EPPM
system provides the infrastructure for defining, modifying, enact-
ing, and auditing such processes.

Conformance of processes to industry best practices, corporate
rules and regulations, or service level agreements in such systems
is becoming increasingly important. Although conformance has
different aspects and can be defined based on various considera-
tions, conformance checking techniques typically focus on the
control-flow of a process, and analyze the order of steps involved
to determine the conformance of the process with the expected
behavior [24]. There are two primary types of conformance check-
ing: (1) forward conformance in which the restrictions are
enforced in the process design stage to prevent designing a non-
conformant process and (2) backward conformance in which the
steps and flow of work in an implemented process is examined
to discover non-conformant behavior [25].

Implementation of processes on EPPM systems requires cus-
tomization of processes for each construction project, because of
unique project characteristics, including size, deliverymethod, exe-
cution plan, and organizational structure. For example, a change
request is distributed among the individuals and organizations that
are particular to the project, with approval thresholds particular to
that project. So, practice implementation through EPPM systems
improves conformance through transparency and automation, but
the required customization tends to work against best practice con-
formance. A potential solution is introduced based on the Industry
Foundation Processes (IFP) construct presented here.

3. Industry Foundation Processes (IFP)

We define Industry Foundation Processes (IFP) as a simple stan-
dard definition of common workflows with particular properties
and components that facilitate process conformance and interop-
erability. IFPs are defined as structured processes, so that the
sequence of activities and their execution constraints are fully
defined. They simplify the integration of best practices into work-
flowmanagement systems and support their consistent implemen-
tation throughout project lifecycle and from project to project.

Industry Foundation Processes are process-based and
workflow-driven. They focus on the flow of information or work,
while abstracting from execution constraints, such as data depen-
dencies and resource constraints. They are defined in their simplest
form, containing all the essential steps, but with no extra or redun-
dant activity. As such, they are general enough to be extendable to
many situations, yet simple and streamlined. The idea of IFPs is
inspired by the ideas of abstraction, inheritance, and modularity
in object-oriented programming languages.

Fig. 1. IFP research rationale.
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