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Abstract The research aims to demonstrate the role of
BIM and construction management tools as Information
and Communication Technology (ICT) in enabling effi-
cient production planning, monitoring, and control, which
helps streamline construction project delivery. The
research demonstrates the importance of effective com-
munication through efficient information management by
deploying digital technology that helps overcome inherent
inefficiencies and wastes in the construction management
processes. The research follows a case study-based
approach to highlight the success of deploying ICT for
efficient production management through improved col-
laboration and communication on an Instructional Building
project in California. The research demonstrates the suc-
cess of ICT in enabling efficient production planning by
allowing accurate visualisation of the sequence of works to
be executed. With accurate and timely updates from site,
multiple trades have been able to communicate effectively,
thereby enabling effective control of any issues or devia-
tion. The result was a 6-weeks early completion of the
project than initially planned. While ICT has played a
crucial role in streamlining construction project delivery
over the past few decades, this research dives deeper into
understanding where the improvement stems from, i.e., the
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quality of information offered by technology and its best
use towards driving efficiency and collaboration within the
project teams. Inefficiencies are common across the con-
struction industry stemming from inaccurate project plan-
ning and control. With ICT and its efficient deployment,
project teams can define accurate production sequencing,
visualise the flow of work, and take proactive decisions to
control the impact on schedule. The research provides
process-based key insights by focusing on the critical
aspects of ICT for data visualisation, data sharing, and data
analysis, that helped take informed planning and control
decisions for efficient production management for suc-
cessful early completion of the project.

Keywords Construction management - Information &
communication technology - Building information
modeling (BIM) - Lean construction - Production
management

1 Introduction

Information Communication Technology (ICT) is termed
as the use of various forms of tools for storing, transferring,
and analysing data [1]. Application of ICT in sectors like
manufacturing and engineering has progressed at a fast
pace [2], however the construction industry still faces
challenges in adoption of technology due to various factors,
primarily stemming from a lack of understanding and
knowledge of ICT adoption [3].

Construction technology has grown remarkably over the
past few decades helping improve the way industry players
manage information, beginning from Computer Aided
Design (CAD) to creating 3D BIM models, Virtual Design
and Construction (VDC), and Common Data Environments
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(CDE) in various forms addressing the fundamental
requirements of communication and collaboration between
the various stakeholders [4, 5, 6]. However, the realisation
of direct benefits from technology has proven to be chal-
lenging due to the complex and unique nature of con-
struction projects [7].

Companies adopting ICT aim to enhance decision
making and automate their workflows to help improve their
project delivery and performance [8]. Application of ICT in
construction projects has resulted in several benefits across
all the phases of the project. The benefits achieved are from
effectively managing design revisions, automating the
project management processes by reducing the repetitive
tasks and mistakes, and the timely transfer of information
between teams [8, 9].

Any tool or technology newly adopted by an organisa-
tion is expected to bring a change in the way the complex
information is managed towards project delivery practices.
ICT has proven to be an enabler for managing projects
more efficiently by improving the coordination and inte-
gration between project teams and helping communicate
the information required at the right time to the right
people. However, studies have shown that technology
alone has not been successful in bringing the benefits as
expected. The fundamental aspects of how the information
flows and the quality of information provided by the pro-
ject teams govern the efficiency of ICT in improving
construction project delivery [9, 10].

Although benefits of application of ICT in construction
have been evidenced by previous studies, the industry is
still at a nascent stage in the adoption of technology. The
research here highlights the important aspects of ICT that
have enabled effective communication and collaboration
between the project teams towards efficient production
management through a case study of an institutional
building project.

2 Background

The advancement in the application of Building Informa-
tion Modelling (BIM) in the construction industry has
proven to be beneficial throughout the project lifecycle
[11]. Lean Construction focuses on waste minimisation,
value generation and creating a culture of continuous
improvement, driven by enabling flow that facilitates waste
reduction, and generating value at each stage [12]. The
integration of lean construction and BIM have furthered the
benefits realised from deploying ICT on construction pro-
jects across the globe [13].

The Last Planner® System (LPS) has a proven track
record of enabling efficiency and reducing variability in the
production process [14]. The goal is to reduce variability
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through a commitment-based approach to balance the
release of work with the ability of the team to execute it
realistically on-site [15].

The need for integrating BIM with the production
planning and monitoring systems like LPS is realised to
improve information exchange between teams [16]. From
the mapped interactions between BIM functionalities and
lean construction principles by [13], the most functional
interactions expected from BIM are—aesthetic or visual
capabilities, coordination between multidiscipline models,
4D visualisation of construction schedule, and communi-
cation with the help of product information. Evidently.
integrating BIM models with production management
systems can help streamline and standardize the production
schedules with relevant building and the site information
[17].

3 Literature review
3.1 ICT & process management

Information management is complex in construction pro-
jects due to the fragmented nature of the industry.
Although not all information systems have proven to be
effective, those which have enhanced collaboration within
projects have proven to be successful with the support of
changes within the organisation’s processes [18].

[19] highlight the importance of two kinds of informa-
tion flows — one that helps in accurate planning decisions,
and the other that helps take informed project control
actions. However, application of information systems does
not guarantee benefits if they are applied in silos and not
integrated within the overall project workflows.

[9] elaborate on the various ways ICT is deployed in
construction and the challenges of financial, social, and
cultural aspects associated with its adoption. Building on
these challenges, [20] emphasises on the need for a struc-
tured approach to adopt any new processes or tools in
organisations. Strategic initiatives, combined with cultural
and managerial changes in any organisation play a major
role in ICT adoption [21].

3.2 ICT to enhance collaboration

[22] highlight the need to capture informal information
with the help of an ICT enabled knowledge management
application, that offered a common social collaborative
platform that was easy to use and enhanced information
sharing in a complex and fragmented set up.

[8] have evidenced improved coordination and infor-
mation exchange, and efficient management of BIM data
through automation to avoid repetition of tasks within
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various projects using an integrated deployment of ICT
across multiple design disciplines.

ICT has the potential to overcome challenges to inter-
disciplinary integration, which acts as a crucial factor to
realising value from its adoption [8].

3.3 Integration of lean and ICT

Emerging ICT tools that enable lean workflows in con-
struction projects have been explored by many to resolve
the issues of communication and information sharing. [23]
highlight the use of ICT in being valuable to lean work-
flows by improving information flow. Cloud-based tools
have been deployed and tested with project teams that
enhanced integration of the supply chain and provide real-
time information for better control of the project [24-26].

[27] have explored the use of integrated web services to
improve the coordination between project stakeholders, by
optimising information flows and in turn enabling lean
implementation on the project. [28] have developed a
Lean-IT tool to support customisation of housing units
through automation that helped reduce considerable lead
time, minimise errors, and enhance communication on the
project.

Computer Advanced Visualization Tools (CAVT) have
been successful at reducing production variability and
uncertainty [1]. Virtual Building Technologies (3D/4D
CAD) have been deployed for quick review of design
alternatives for stakeholders to take well-informed design
decisions [29].

[30] have studied the impact of integration of lean
principles with VDC processes to help improve construc-
tion project delivery. Lean integrated with BIM has
enhanced production planning and control process on a
data centre project where the team was able to achieve
significant reduction in defects and labour spend, and
increased program efficiency [26].

3.4 People-process-technology

[1] establish the main elements of ICT in construction —
People, Processes, and Tools, and the importance of
understanding and developing the relationship between
these components to enable efficiency in construction
processes.

Lean Project Delivery System (LPDS) [31] provides a
structured approach in terms of processes to streamline
project delivery. VDC tools and technologies help enhance
project performance by supplementing and enabling these
process [32].

The fundamental challenges in construction projects are
deep-rooted within the nuances of the interactions of pro-
ject teams and the tools and processes adopted for project

delivery [26]. Business processes and information tech-
nology are closely associated, and better results can be
achieved by addressing them in an integrated manner [33].
Interactions between the project teams are necessary to
implement any tool that enhances collaboration [22].

[34] define “wicked” problems as those projects which
involve complex and dynamic groups of participants where
decision making is critical and problem solving cannot
happen in isolation. For this, they emphasise on the flow of
reliable and accurate information, rather than tracking and
monitoring of activities.

ICT applications cannot be seen as a primary driver to
improve project performance. The fundamental production
processes need to be set, where ICT applications can
enable improvement in the information flows in the overall
process, reinstating the need for an integrated framework of
people and process to address the challenges of the con-
struction industry [7].

4 Research methodology

The research follows a case study methodology where the
authors were involved throughout the implementation of
lean processes and system deployment on the project.

The research begins with setting the context through a
detailed literature review that highlights the importance of
accurate information exchange and efficient communica-
tion in the construction industry, and the role that tech-
nology plays in making the process more streamlined and
effective.

This is followed by a detailed review of the project
where the team has delivered early completion of the
facility through the effective deployment of ICT and pro-
cess-based improvements. The case study focuses on the
critical success factors contributed by the inclusion of ICT
for streamlining the project delivery workflows, as com-
pared to the challenges to effective information exchange
and communication through conventional methods.

5 Case study
5.1 Project Background

The project is an Instructional Building, part of a Univer-
sity Campus in California. The project is around 76,000 sq.
ft. in overall area, which also includes a Central Plant Unit
(CPU) building. The Instructional Building is a 3 floors
structure, divided into various 4 zones (A to D), each
housing a set of lecture halls, corridors, meeting rooms and
service units. The entire structure surrounded an open-to-
sky central courtyard.
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The General Contractor (GC) was responsible for
delivering a ready-to-inhabit facility to the client, which
meant that their scope involved everything from the
ground-works, all the way to the finishing of the interior
spaces. The primary construction of the building included
concrete foundations and steel framing of the entire shell
and core, complete with inner partition walls, external
cladding, roofing and integrated with MEPF for the entire
facility. To deliver the complete scope of work, the project
included numerous specialised sub-contractors (also refer-
red to as ‘trades’) participating through the various stages
of execution.

5.1.1 Production management

One of the primary aspects of production management was
to enable collaborative planning with the trades, which was
conventionally being done with the help of sticky-notes on
the wall by their superintendents and specialised sub-con-
tractors. For this, the GC would draft a high-level schedule
on Oracle® Primavera P6 which would act as a reference
to pull detailed work to the target milestones. During this
collaborative planning session, the specialised trades would
bring in their experience to breakdown these high-level
activities into a finer level of detail to define the specific
activities to be executed.

This sequence of activities would be recorded on
spreadsheets and then recreated in the master P6 schedule.
This would be the responsibility of the project planner and
proved to be quite a time-demanding exercise. The recre-
ation of production in this manner had scope for human
error, potentially leading to dilution of the information in
some cases.

5.1.2 The key challenges

The project had a few challenges through its development,
the most significant being the repercussions of the COVID-
19 pandemic that brought work to halt for a considerable
duration of time. This meant that the team had to strategise
the planning carefully upon their return, to ensure that the
substantial completion date remains unaffected, by deliv-
ering and executing a programme that could cover up the
gap of no work on site.

The collaborative planning sessions would take place in
a closed room with the suppliers and the superintendents
working with the master schedule to derive lookahead
plans on a board. This manual approach to pull planning
posed a major setback when accommodating the COVID
restrictions of physical proximity in gathering spaces;
communications between teams had a direct impact.

In terms of progress monitoring, the team would spend
hours in updating schedules by taking updates from site.
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When working on the recovery plan to bring the project up
to pace again, this approach was seeming to be in vain. The
project team ended up constantly trying to chase the
schedule, rather than being proactive in resolving issues.

Conventionally, the team would rely heavily on
extracting project information from physical copies of
drawings. The collaborative planning sessions would be
held in trailer rooms with a number of these marked-up
drawings put up on the walls for reference (Fig. 1). The
trades would be required to physically collect and com-
municate a lot of this information informally, without
having a clearly documented reference before or after the
meeting.

To define efficient flow, it is important to clearly
understand the work at hand. For this, accurate information
is required about design and site conditions. This helps the
trades understand the requirements of the job, as well as the
physical conditions of the site that will hinder them from
executing the work. While the project design had been
developed using BIM as the platform and the project team
had access to these BIM models of various design disci-
plines hosting such information, they were not being
deployed for production planning and control.

5.2 The deployment of ICT

Considering these challenges, the team started to look at
solutions to enhance the deployment and execution of a
recovery plan while working through the new COVID
restrictions. The obvious route was to go digital and
overcome most of the limitations offered by their existing
manual workflows, for which the GC adopted VisiLean, a
cloud-based construction management tool, to drive lean
production management workflows.

5.2.1 Single-source-of-truth

With VisiLean, the team was able to merge the master P6
schedule with the bottom-up production planning following
the Last Planner® System, to ensure that information is
captured and communicated on one-single platform. Visi-
Lean allowed the team to break their P6 schedule into
greater detail with the input from the specialised trades.
The information was disseminated across the team by
ensuring access to all participants of the project, rather than
isolating them from it.

All activities that have blank fields under the WBS ID
column in Fig. 2 below show the detailed tasks created by
the team on VisiLean, based off the high-level activities
imported from the P6 schedule.

As a lean-BIM integrated tool, VisiLean allowed the
team to add their BIM models as well to the cloud, making
it a Common Data Environment (CDE) for all production
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Fig. 1 Drawings marked-up and pinned on trailer walls for discussion
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Fig. 2 Snapshot of project gantt view highlighting tasks breakup from P6

related information (Fig. 3). As a construction management
system hosting planning and production information, the
capability of supporting BIM greatly enhanced the inclu-
sion of these models in the execution process, which were
earlier not being deployed for production decisions. The
inclusion of design in production management through
BIM visualisation amplified the adoption of the tool con-
siderably, with more people relying on the information
shared on the platform and the ease with which it would
read to them. The team started to show a switch from a 2D
drawings-based approach to one of relying on 3D BIM for
discussing production details.

5.2.2 Information for efficient production

Efficient production planning and control involves a care-
ful understanding of the facility, which is supplemented by
product information — design, specifications, site-condi-
tions, vendor details, etc. BIM Models are an efficient and
rich source of this information. However, it is important for
technology to allow for the information to be shared and
read easily by the team for it to be efficiently deployed for
production decisions.

The models were populated with accurate space infor-
mation that allowed the teams to go down to the detail of
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Fig. 3 BIM Model with production assigned to last planners®—VisiLean

task-based planning of each section of a location. Figure 4
below highlights the designed space “Women’s Toilet” at
“Level 27, which is then linked to the activity called
“Toilet Rooms: Zone A” under “Level 02: Interior Fin-
ishes & Closeout” WBS. While the production plan and
BIM model are two completely separate data-sets, Visi-
Lean as a lean-BIM integrated tool allowed the team to
merge this information on a common platform for trades to
collaborate towards effective discussions about the pro-
duction sequencing for the interior finishes for this space.

Planning in greater detail as you get closer to the job is
critical to minimise inefficiencies during execution on-site.
The detail comes from having reliable and up-to-date
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Fig. 4 Location-based information captured through BIM and VisiLean
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information about the job to be executed, the conditions of
the space, the predecessor to your activity that is respon-
sible for handing over the space, and the external condi-
tions of the project and site.

With teams capturing photographs from their phones on-
site using the VisiLean mobile app, this information would
get uploaded to the CDE in real-time (Fig. 5). With the
activity already linked to this space in the BIM model,
trades could visualise the reality-capture, i.e., the exact
condition of the site as-on-today, the intended design from
BIM, and any other critical information supplied to the
task.
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Fig. 5 Site-photograph alongside design information from the BIM Model

5.2.3 Real-time information

With the VisiLean mobile app, the teams on-site were able
to give live updates to the tasks being executed (Fig. 6).
This ensured that the trades were always up-to-date with
the status of works on the ground, thereby ensuring that
they are ready with their preparation on-time. This signif-
icantly reduced the time wasted in waiting for the job-site
to clear and made the handovers more efficient.

The information is also supplied to the teams on-site in
the same way, with any change in the intended planning
being informed to the person executing the job live to avoid
any misinformation between the teams (Fig. 7). With clear
communication, the job was executed more efficiently,
considerably reducing the rework of tasks executed, as well
as quality issues.

These updates were transferred directly to the BIM
model through the linking of the production plan and the
BIM Model elements. This way, the real-time status
updates were reflected on the model elements with the
same colour-coding of the task status on VisiLean (Fig. 8).
Any issues were visually read by the team with complete
clarity to take informed control decisions that helped save
critical time. Conventionally, the updates were communi-
cated via a chain of events that would end up delaying this
information, which resulted in not only delayed corrective
action, but in most cases, it would be built on inaccurate

Fig. 6 Teams on-site giving
updates on work progress in
real-time using VisiLean

information that would considerably impact the results of
the control measures.

5.2.4 Connected remotely

With COVID, teams had to ensure minimum physical
crowding on-site. For this, the teams would connect
remotely as far as possible through online meeting tools.
During this time, having a single-source-of-truth proved
immensely beneficial for the teams to review and discuss
the production planning (Fig. 9).

VisiLean allowed teams to visualise the work executed,
as well as its effect on the work to follow in the weeks to
come. This enabled the teams to voice their concerns and
provide suggestions on the flow of work seen in their look-
ahead. Having this data on one platform helped the teams
collaborate over planning decisions with ease, with people
even connecting directly from the job-site.

5.2.5 Data for continuous improvement

Driving efficiency in production management is a cyclic
exercise, rather than a one-time approach. Implementing
strategies for improving production requires a feedback
loop, that is built on learning from what worked, and what
did not, and working on the shortfalls to improve the next
cycle of production.
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Fig. 7 Teams reviewing
information on the ground in
real-time using VisiLean

Ht

WL e e soomvien
FC_IB_LARCH_ Vvt ~ Hide Completed | Hide Transparent

Linked Tasks (1)

2

Exterior Plaster Brown Coat-Zone 2:
Dome Tower

B ~ndrew meda
@ rerimeter
B votresdy

Execution W20 Weekly W21 Lookahead w2225 (R AL] < > TworlineTask Bars v Hide Rows @ Q

Grouping: April May

User - Week 15 Week 16 Week 17 Week 18 Week 19 Week 20

4 BNB Procurement

Wiring, Door Operator-Zone 2 Elev

& Kimberly

Elevator Adjustments-Zone 2 Elev

o

Fig. 8 Reviewing the live update of work progress on the BIM model

Friday
7/2/2021

Fig. 9 Teams connected remotely—Reviewing project schedule on VisiLean

@ Springer



CSIT (June 2022) 10(2):73-84

81

The benefits realised on this project have been a direct
outcome of constantly improving and upgrading the pro-
duction management process, with the help of data from
the ground that was recorded and provided by VisiLean.
This data was presented in the form of Percent Planned
Complete (PPC), a metric of the Last Planner® System that
provides a clear review of the team’s performance against
their weekly work commitment. The PPC was reviewed by
the teams collectively during the weekly production control
meetings. Figure 10 shows an average of 9 weeks PPC
captured through the months of March to May 2021, with
each team’s performance clearly highlighted.

For any deviation from the planning of the work, the
team was required to provide a reason for variance, with
the intent to collectively learn from and work on these
inefficiencies. Some examples of this information have
been captured below in Fig. 11 from VisiLean, where the
impact of “Material” and “Manpower” has been high-
lighted as the reasons for non-completion of the activities
in their planned week.

6 Benefits

With the accurate deployment of ICT on this project, the
team was able to regain control on the production man-
agement process efficiently while working through the
immediate ramifications of COVID. With the adopted
Lean-BIM integrated tool, the team was able to not only
recover the site-shut period, but also manage to complete
and deliver the project 6 weeks ahead of schedule.
Through ICT driven collaborative planning, the team
was able to achieve staggering results in terms of plan
reliability. On this project, the team was able to consis-
tently drive gradual improvement in their PPC as the
implementation of ICT progressed. The snapshots below in
Fig. 12 show the caparison between the average PPC of

9 weeks through the months of March to May between
2020 and 2021. In 2020, the team was at a PPC of 58%,
with a considerable number of commitments being missed.
In comparison, the team was able to achieve a staggering
PPC of 94% in 2021, with gradual improvements over the
one-year period.

Another key thing to note here is the absence of trade
participation during the initial stages of implementation of
ICT (from the evident lack of “Organisations” in the PPC
record of 2020). As the adoption progressed and the par-
ticipation grew from the project teams, the quality of
information captured by the tool improved multi-folds,
leading to accurate and informative data for the teams to
review (Reasons from Variance in the PPC record of 2021).
This was done through individual PPC review of each
trade, as well as having clear reasons for variance docu-
mented for learnings and continuous improvement.

The results attained on the project are a direct impact of
the efficient production planning, monitoring, and control,
that the team was able to achieve by getting accurate
information about the facility, timely and reliable infor-
mation on the project status and environment and being
able to disseminate that information efficiently amongst the
project teams through a common data platform that
allowed for effective participation and clear communica-
tion. This has been evidenced by the successful participa-
tion of every single trade on VisiLean.

Despite COVID limiting the conventional ways of
communication between project teams, the project was
able to control the repercussions on project delivery
through effective collaboration using ICT. In fact, com-
munication through technology (and mobile devices) has
created a transparent environment by providing complete
work clarity to the trades, thereby building a culture of trust
within the project team.

PPC Statistics & Reasons for Variance 03/01/2021 - 05/02/2021

N He G 8 8,
evey ©liy R N8y, e, Ng Ser,
s

Il BNB Construction M ISEC

l Nevell B Helix l CIR H BNBuilders l BNB Self Perform M Southland M Elljay B Miguel Cuyugan M -- No Organisation -- ll BNB Procurement

Organisation

Fig. 10 Summary of average PPC over 9 weeks for each trade on the project
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v Week 9 (03/01/2021 to 03/07/2021) Total Tasks Total Successful Tasks [7] | Total Unsuccessful Tasks [J]  Total PPC 7]
o
Property Panel
Actual 03/09/2021 06:31:21
Task Additional Target Target Completion Completion Sy Thedsd i
## | name Organisation Location Status Reason(s) I Notes | Date week Date Week Success N | ;’M" L."Ym:mw:miim;
Bryan Layton for approval
10 Drains Southland Central Plant Manpower Bryan Layton 03/02/2021 9 03/22/2021 12 NO C
03/22/2021
done 03/09/2021 06:31:21
18 Modify Southland Building ‘Warning BryanLayton  03/02/2021 9 03/09/2021 10 NO Col Activity "Modify Header" was completed late
Header .03/09/2021 by Bryan Layton. The reason entered for
% \ded th late completion is: rewelded the flange
Lo S Reason : Manpower
flange
v Week 13 (03/29/2021 to 04/04/202)) Total Tasks [Z] ~ Total Successful Tasks [7] = Total Unsuccessful Tasks [ = Total PPC " Prefsuvions
» Constraints Log
» Notes
i ——
History
. 04/26/2021 06:34:11
Task Additional Target Target Completion Completion c
#s name Organisation Location Status Reason(s) If N Date week Date ‘Week Success s Activity "Rough-In System Piping &
Guages-East Roof Terrace™ was reassigned
from Bryan Layton to Deron Micketti by
43 Room - Southland Building Material 04/02/2021 13 04/05/2021 14 NO < Bryan Layton for approval
Install
Interment
= 041262021 06:34:11
62 Rough-In  Southland Roof Bryanlayton  04/02/2021 13 04/26/2021 17 NO [¢ Activty "Rough-1n System Piping &
System -04/26/2021 Guages-East Roof Terrace” was completed
Piping & AHUS piped late by Bryan Layton. The reason entered
Guages- for late completion is: AHUs piped
Reason : Material
East Roof
Terrace
Fig. 11 Reasons for variance captured on VisiLean to provide data for improvement
| PPC STATISTICS Organisation v Planned v {8 03/02/2020t005/31/2020 ¥
Organisation
-- No Organisatio... 56 % PPC
145 Tasks 64 Tasks Unsuccessful
. _ et
7 Tasks 0 Tasks Unsuccessful No results for late complete
Total Tasks 152 Total Successful Tasks 88 Total Unsuccessful Tasks 64 Total PPC 58 %
PPC Statistics & Reasons for Variance 03/01/2021 - 05/02/2021
Overview
Reasons for Variance
Total Tasks 460 Total Successful Tasks 431
Total PPC 94 % Total Unsuccessful Tasks 29

® Manpower [2.0] @ External [6.0] @ Material [2.0]
© Predecessor [2.0] @ Space [1.0] © Equipment [4.0]

Fig. 12 Summary of PPC for 9 weeks—A comparison of year 2020 vs 2021
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7 Conclusions

ICT has been advancing as an enabler in the construction
industry to improve project delivery by enhancing com-
munication and integration between the teams. Although
there are several tools and technologies that are being used
by different projects across the industry, the quality of the
information captured and exchanged has proven to be one
of the major factors that drives improvements.

The authors demonstrate in detail the role of application
of BIM and construction management tools as ICT on a
project where existing production management processes
proved to be limiting and significantly hindered by the
COVID-19 pandemic. With the help of an integrated tool
that merged master scheduling with bottom-up collabora-
tive planning and BIM visualisation, the team was able to
streamline their production planning and control methods
through enhanced collaboration and effective communi-
cation. The application of ICT significantly improved the
capture of status and progress of work on the ground,
which helped streamline the capture and review of pro-
duction information.

Having situational awareness of the immediate ramifi-
cations of the global pandemic helped the team react in a
timely manner towards adopting digital tools for produc-
tion management to ensure that the effect on schedule is
controlled at the earliest. The key factors for achieving
significant benefits from ICT on the project stemmed from
making it available to the entire team, populating it with
the right information, and enabling the team to read and
analyse the data for better production planning and control
decisions. The implementation of ICT was coupled with a
gradual change in the existing workflows that helped
improve the participation by the team and hence, the
quality of information being supplied and shared. This
combined approach and an increase in the accuracy of the
data provided by ICT helped build a culture of trust and
collaboration within the teams.

With the data captured in real-time from site, the teams
were able to focus on improvement strategies that had
evident results on their performance each week which they
could collectively review. Here, the study reinforces the
importance of aligning technology with the right workflows
and culture to achieve efficient project delivery. Benefits
cannot be realised through isolated deployment of ICT on a
project, without any changes to the existing workflows or
collaboration practices. Efficient production management
demands clear communication and effective collaboration
between teams, for which ICT acts as an enabler. To
streamline construction project delivery, accurate and
timely information must be provided for project teams to

adopt an effective and proactive approach towards decision
making.
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