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Construction planning takes place at many levels. This paper pertains to the level called lookahead planning,
during which planners make their plan more realistic as construction tasks approach execution. To improve
the quality of lookahead planning, the construction industry has benefited from implementing the Last Planner®
System (LPS) that emphasizes creating reliable workflow. Successful lookahead planning relies on task anticipa-
tion by breaking down tasks to the level of operations, designing those operations, and making tasks ready by
identifying and removing their constraints so that tasks can become executable assignments. This paper presents
a study, using computer simulation, of the relationship between improving Task Anticipated (TA) in lookahead
planning and overall project duration. The results indicate that increasing TA can have a positive influence on
reducing project duration. The authors recommend that industry practitioners use the TA metric to gauge their
planning performance and then to improve on it.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Construction planning helps teams achieve successful project per-
formance in meeting the objectives of time, cost, quality, and safety
[1]. However, it is hard to execute work when planners push plans to
frontline crews without preparing tasks for proper and timely execu-
tion. The complex preparation process involves many organizations
and requires a planning system that fosters collaboration at various
levels of planning. In this regard, the Last Planner® System (LPS) has
been used on construction projects as a productionplanning and control
system, bringing several organizations together, sharing a commonpro-
duction planning platform, and enabling them to improve workflow
reliability by reducing the difference between tasks that SHOULD be
done and those that CAN be done [2,3].

Lookahead planning is an important process in the LPS as it links
front-end planning (master- and phase scheduling) with execution of
the work. It goes beyond the simple interpretation (i.e., what ought to
be done in order to complete the project) of the project schedule, to
breaking down tasks from the master- and phase schedule into the
level of operations (i.e., matching the level of detail required for
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commitment planning and execution by individual work crews), de-
signing operations, identifying constraints, assigning responsibilities,
and then making assignments ready by removing constraints [2–4].

Lookahead planning involves making work ready so that the
‘work’ flows in the sequence and at the rate needed to complete
the project within the available time. Allowing into commitment
plans only tasks assessed as ‘ready’ increases plan reliability, which
in turn enables better matching of capacity to load because load is
more predictable. The LPS measures this reliability in terms of per-
cent plan complete (PPC) which is the percentage of tasks completed
at the end of a certain time period—typically a week but it can be any
time period—relative to those tasks promised to be completed at the
end of that time period (i.e., PPC compares DID to WILL). Lookahead
planning also includes producing a backlog of work available to ab-
sorb excess capacity when it arises and for contingency planning
purposes [2,5] (e.g., in case committed tasks are completed faster
or more slowly than expected).

When employing lookahead planning, a project team can identify
and remove constraints by using a combination of pulling and
screening. Pulling aims at making tasks ready by removing con-
straints and ensuring that all prerequisites are available. Tasks that
cannot be made ready to be performed when scheduled are ineligi-
ble for inclusion in the week's work plan. Screening assesses the sta-
tus of scheduled tasks against the quality criteria shown in Table 1 to
determine eligibility for inclusion in ‘commitment’ plans; i.e., daily
or weekly work plans.
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Table 1
Quality criteria for evaluating tasks for commitment [2].

Quality
criterion

Question to answer

Definition Is the task defined so that workers understand what, when, where,
and with what?

Soundness Have all constraints been removed that can be removed prior to the
plan period?

Sequence Is the task properly sequenced?
Size Does workload, the amount of work to be accomplished, match the

capability of those who are to perform the task?
Learning Are metrics traced to track and improve performance?
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Tasks Anticipated (TA) [2,4–6] is ametric used tomeasure successful
performance of the lookahead planning process in anticipating tasks
that will take place, e.g., two or three weeks in the future. In this study
TA measures the percentage of tasks on the commitment plan that
were anticipated two weeks prior to the execution week. The goal of
the study is to investigate the impact an increase in TA may have on
overall project duration. The hypothesis is that “increasing TA will re-
duce project duration.”

TA gauges the ability of the planning team to gain foresight (better
anticipation of tasks) through task breakdown and operations design,
and hence the ability to turn work that SHOULD be done into work
that CAN be done. This ‘making ready’ is measured by a metric called
Tasks Made Ready (TMR). TMRmeasures the ability of lookahead plan-
ning to identify and remove constraints, and to make tasks ready for
execution [4]. In this study, TMR refers to the ratio of tasks having all
their constraints removed in the two weeks preceding execution to
the tasks that were anticipated on the lookahead plan. It is apparent
that TMR will vary to some degree with TA, since it is only a matter of
chance that tasks will be ready to be performed when scheduled if
they have not previously been anticipated.

While “increasing TA reduces project duration”may seem intuitively
true, in light of numerous sources of uncertainty that may challenge a
schedule, a detailed study with testing of multiple project scenarios is
in order. In other words, under what conditions is that hypothesis
true? The presented study examines changes in TA and analyzes their
impact on project duration under various project settings that contrib-
ute to uncertainty in planning. Undertaking the proposed study on a
real-life project is impossible because in real life only one scenario is
followed,making it impossible to gauge the range of alternative futures.
Moreover, whereas tracking PPC occurs on most real-life projects that
implement the LPS, tracking TA is still rare. Some studies of real-life pro-
jects have shown an ad-hoc correlation between certain parameters in
LPS (e.g., [8]). However, they did not answer the hypothesis proposed
in this paper.

This study presents an original model to simulate lookahead
planning. Its contributions to knowledge in the domain of planning
include conceptualizing the lookahead planning process, character-
izing a number of uncertainties that may hamper the execution of
plans, modeling lookahead planning decisions, and demonstrating
how in-process performance of a planning system can be measured,
not just end outcomes.

2. Literature review

2.1. Lookahead planning in the Last Planner® System (LPS)

The LPS comprises planning processes at four levels: 1) Master
scheduling that identifies major milestone dates on a project (tasks
that SHOULD be done), 2) Phase scheduling that produces schedules
specifying the processes performed by the various organizations work-
ing in each phase, and the handoffs between those organizations,
3) Lookahead planning that breaks down processes into operations,
designs those operations, and makes them ready to be executed (mak-
ing readywhat SHOULDbe done so it CAN be done), and 4) Commitment
planning that results in coordinated commitments (creating a list of
promises by selecting from tasks that CAN be done those that WILL be
done) by frontline supervisors and their work groups to execute tasks
within a time period ranging from one shift to one week or more (the
period used in this study is one week, so the commitment plans are
weekly work plans (WWP)) [2,4–6].

The foundation of the LPS is reliable promising and the criteria for
making promises, also called commitments (Table 1). Simply trying to
commit to execute only tasks that are well defined, sound, sequenced,
and sized increases the percentage of commitments kept and the will-
ingness of front line supervisors to invest in planning and preparation,
including lookahead planning.

Several studies have investigated the implementation of the LPS on
construction projects (e.g., [3,5]). Results show that implementing the
LPS can strengthen the social network among the project participants
including frontline supervisors anddirectworkers [7], shield production
units fromworkflowuncertainty [8,9], reduceworkflowvariation in re-
ducing the difference between tasks that are predicted to be executed
and those actually executed [10], improve the reliability of planning
[11], and enhance productivity [12].

2.2. Background of simulation in construction and project management

Computer simulation is effective in supporting decisions during
design and implementation of construction processes (e.g., Halpin and
Woodhead [16]). Martinez and Ioannou [17] examined several simula-
tion programs and reported their fit for a range of applications in con-
struction. Computer models can be built to simulate a construction
process with its tasks, resources, and specific environmental constraints
to aid in optimizing resource use, reducing cost and risk, project plan-
ning, and overall delivering a better project for the customer [15,18].

Simulation has been used to study constructability and construction
logistics. Vanegas et al. [19] used it to plan construction processes on
heavy civil projects and to analyze workflow at a relatively low imple-
mentation cost. Huang et al. [20] used it to optimize the planning of
formwork operations for building construction. Cho et al. [21] built a
simulation model to verify an algorithm for smart multi-lifting opera-
tions for high-rise buildings. Hamzeh et al. [22] used simulation to
study the supply chain for consumables on construction projects and
reported benefits from using logistics' centers to reduce site storage
and material shortages.

Simulation has also been used for risk assessment andmanagement
on construction projects. Cho and Kim [23] used it to evaluate risks
during construction phases of a suspension bridge. Kang et al. [24] sim-
ulated a system to analyze the degree of risk in construction projects by
visualizing numerical risk information linked to a four-dimensional
(4D) CAD system.

In the area of construction scheduling, a number of programs were
developed in the late 1980s and early 1990s to automate the scheduling
process (e.g., Hendrickson et al. [25]). Tommelein et al. [26] pro-
grammed an object-oriented simulation system to instantiate
discrete-event simulation models based on a project's design, its CPM
schedule, and construction methods captured as elemental simulation
networks.Wang et al. [27] combined simulationwith Building Informa-
tion Modeling (BIM) to measure quantities of required materials and
generatemore realistic project schedules. In an effort to improve the ac-
curacy of lookahead planning, Song and Eldin [28] used adaptive real-
time tracking and simulation of heavy construction operations to dy-
namically incorporate new project data and adapt to changes in field
operations.

Despite extensive application of discrete-event simulation in con-
struction, simulation modeling of the mechanics of a schedule's execu-
tion and means to recover from failures due to the manifestation of
uncertainties is relatively rare. Tommelein [29,30] simulated the
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execution of schedules subject to batching practices, so-called
‘matching’ problems due to product uniqueness, and uncertainties in
process duration. She showed how pull mechanisms could provide
real-time feedback essential to improving schedule performance.
Alves et al. [31] examined the impact of variability, buffers, and batch
size on supply chain operations for sheet metal ductwork. Alarcon and
Ashley [32] investigated alternative production system designs and
the use of simulation to improve production strategies.

Although recent studies have started to study lookahead planning to
improve site operations and management [27,28], few if any have
modeled uncertainty in lookahead planning. More research is needed
to study the impact of lookahead planning on project performance. Fill-
ing this need, this paper addresses uncertainty in lookahead planning
and studies the relationship between TA and project duration through
the use of computer simulation.

The primary contribution to knowledge of this paper is providing
evidence in support of the hypothesis that increasing TA reduces project
duration. A secondary contribution is the incorporation of uncertainty
into simulation models of the lookahead planning process contained
within the LPS of production planning and control.

3. Research methodology

The research methodology for this study included reviewing the
literature on planning and simulation. It also included conducting action
research with practitioners in weekly meetings over a period of
14 months on a real-life project, while the project team was engaged
in updating their lookahead schedules and weekly work plans [3]. This
yielded a deeper understanding of plan failures and led to developing
the process characterization. This characterization supported the first
phase of modeling for hypothesis testing using simulation. However,
the simulations performed in this study were impossible to carry out
on the previously mentioned project because: (1) the project planning
team was not collecting all the metrics mentioned in the experiment,
and (2) it is impossible to recreate all the different scenarios examined
in the experiments.

Instead of experimenting on a real-life project, the authors use
discrete-event simulation to experiment with a mathematical model of
the system. This model with selected dynamic and stochastic features
acts as a surrogate of a real-life system. Especially when an analytical
solution for the mathematical model is not available, simulation offers
an effective and inexpensive option to design experiments that test
various scenarios, diagnose system performance, examine solutions,
and lay the course for theory discovery [13–15].

While this research focuses on examining the relationship between
TA and project duration, the study is exploratory in nature. The simula-
tion study included three phases: (1) conceptually modeling a system
that describes the lookahead planning process, (2) developing amathe-
matical construct to enable computer simulation of the model, and
(3) designing a set of experiments, conducting them, and then analyzing
the results. Details on this study follow.

4. Simulation study

4.1. Conceptual model of lookahead planning

In describing lookahead planning the term ‘activity’ is avoided as it is
used with too many different meanings in the literature. Instead, the
terms ‘boulders,’ ‘rocks,’ ‘pebbles,’ and ‘dust’ are used to represent the
different levels of detailing of tasks in terms of phases, processes, oper-
ations, and steps. The convention used in this study is that a project is
divided into phases (e.g., substructure) represented by ‘boulders,’ that
phases are expressed in terms of processes (e.g., foundations that are
a part of the substructure) represented by ‘rocks,’ and that processes
are subsequently broken down into operations (e.g., pour concrete for
foundations) represented by ‘pebbles’ within the lookahead planning
window. Operations can be further divided into steps represented by
‘dust’ (e.g., setting-up the pump for concrete placing), and steps into
elemental motions (e.g., moving the pump hose while placing) [5].
Boulders, rocks, pebbles, and dust offer a figurative representation of
task breakdown.

Lookahead planning is a three-step process: (1) break down work
described in phase schedules into operations, (2) design operations
and perform first run studies (virtually or physically), and (3) identi-
fy and remove constraints to make tasks ready [3,4]. The time frame
for lookahead planning is related to the nature of the project
(e.g., uncertainties affecting constraint removal) but here is assumed to
be six weeks.

When boulders enter the six-week lookahead plan from the master-
or phase schedule they are systematically broken down into operations.
In the early lookahead weeks, gross constraints such as design and
material submittals are identified and removed (“gross” because they
typically impact multiple operations). In this study, WKn refers to the
week n weeks ahead of the execution week which is WK0.

When tasks move from the phase schedule into the lookahead
window, they remain at the level of processes (rocks) in WK6
through WK4. When tasks move from WK3 to WK2, processes
(rocks) are broken down into their constituent operations (pebbles)
as shown in Fig. 1.

Some operations may have been preliminarily designed through
virtual and physical prototyping. At this stage, first run studies are
used to complete the design of operations to ensure meeting time,
cost, quality, safety, as well as learning objectives. Operations design
involves breaking operations into their constituent steps (dust), and
focuses on identifying the type of resources and skills required, and
recognizing the interdependence with other operations. Designing
operations not only has its own specific benefits, but also is assumed
necessary in order to identify more granular constraints at the level
of dust. Note however, that the responsibility for execution lies
with the frontline supervisors, so their commitments in the weekly
work plan are to operations, not to the steps (dust) of which opera-
tions consist. Since lookahead planning is about getting ready to ex-
ecute scheduled tasks, and designing operations is clearly part of that
preparation, operations design aims at improving performance
against safety, quality, cost, and time.

In WK2, pebbles are at the level of operations matching the level of
detail required for production performed by specific work crews.
These pebbles are either unconstrained and hence Ready for execution,
or constrained due to lacking certain prerequisites and hence Not-
Ready. Those that are Ready join the list of unconstrained tasks. Those
Not-Ready are made ready by first identifying constraints impacting
them and then removing these constraints by providing task prerequi-
sites for timely execution including: manpower, previouswork, materi-
al, information, space, equipment, and other work conditions. While
some constraints can be removed then, others are removed as late as
WK1, and some can be removed only during the execution week WK0
(e.g., confirming availability of concrete delivered by a ready-mix
truck).

DuringWK1, a certain percentage of pebbles (R) is made Ready and
the remaining (1-R) percentage remains Not-Ready. Out of those Not-
Ready, a certain percentage P has a chance of having their constraints
removed in the remaining planning time and make it into the weekly
work plan. The remaining (1-P) percent Cannot Be Made Ready
(CNMR) will undergo a similar analysis in the next lookahead planning
cycle one week later (Fig. 1). Table 2 defines the parameters and vari-
ables used in this study. These are hypothetical and do not represent a
specific project.

At the end of WK1, a WWP for the next week is put together after
assessing tasks against the LPS's quality criteria (Table 1). Tasksmeeting
the quality criteria and those that Can be Made Ready (CMR) are incor-
porated into the WWP. As a real-life example of checking against the
sizing criteria, the planned work is sized to match the capability of the
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Table 2
Parameters used in the model and experiment sets.

Parameter Description Values in experiment set 1 Values in experiment set 2

Rocks The number of tasks at the level of detail of processes in the project 2080 Same as set 1
Rocks to pebbles Ratio of the number of tasks (pebbles) at the operation level that an

activity (rock) gets broken into
Randomly selected
from {2, 3, 4}

Same as set 1

P Percentage of tasks that are Not-Ready but have a chance to become
ready some time prior to their scheduled execution

0.3 Same as set 1

R Percentage of pebbles that are made ready during WK1 0.5 0 to 1 (in 0.1 increments)
RR Percentage of Ready tasks that are actually ready or unconstrained 0.85 Same as set 1
NR Percentage of Not-Ready tasks that will be made ready during the execution week 0.6 Same as set 1
New Number of tasks added to the WWP without undergoing lookahead planning process 0 to 120 40
N Percentage of New tasks made ready during the execution week 0.5 Same as set 1
NBR Ratio of New tasks at WWP to Pebbles at the end of WK2 0 to 1 (in 0.1 increments) 0.33
NTP Ratio of New tasks added in WWP to the total number of pebbles at the end of WK2 Computed Computed
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individuals or work crews who are to perform that work, and not sized
using historical averages.

Furthermore, at the last minute, a certain number of new tasks
(New) are added to the WWP. These had not been anticipated, were
not part of lookahead plan, and haven't been broken down or made
ready systematically. They emerge due to lack of foresight [3] and in
this paper they are assumed to add an extra burden when they are ex-
ecuted compared to the normal breakdown from lookahead planning
to commitment planning. New tasks may ormay not be part of the orig-
inal scope ofwork but, in any case, theywere not properly broken down
from rocks to pebbles during lookahead planning. The numeric value
of Newwill likely be high if the make ready process is not performed
properly. Tasks may pop up at the last moment due to omissions in
themaster- or phase schedules or from changes in project circumstances.
However, further research is required to study the make-up of these
tasks, the reasons for their emergence, and alternative approaches to
managing them in the planning system.

During the execution week (WK0), a percentage of tasks that were
previously perceived as Ready is indeed unconstrained. These are called
Ready Ready (RR) tasks and they get executed by definition (assuming
availability of capacity and no failure in execution). When Ready Ready
tasks are executed, they become Done tasks (Fig. 1). Correspondingly,
the remaining percentage of tasks previously perceived to be Ready
(1-RR) are actually constrained and thus cannot be completed, so they
join the Not Done tasks. Regarding tasks that were classified as Can be
Made Ready (CMR), various preparation efforts are required to remove
constraints and provide the needed prerequisites. A percentage of
these tasks called (NR)will have their constraints removedandwill be ex-
ecuted, thus becoming Done tasks. The remaining percentage (1-NR) will
not be made ready and cannot be executed, thus becoming Not Done
tasks.

In addition, a percentage (N) of the New tasks will have their
constraints removed and will be executed thus joining the pile of Done
tasks. The remaining percentage (1-N) will not be made ready and
cannot be executed, thus joining the Not Done tasks.

At the end of the execution weekWK0, PPC is calculated by dividing
the number of tasks in the Done pile by the total number of planned
tasks (Done + Not Done). Tasks in the Not Done pile are candidates to
join the next week's WWP and will undergo similar analysis in the
corresponding planning cycle one week later.

This lookahead planning process is repeated each week until all the
tasksmake their way to theWWP and ultimately are completed, so that
the project will be completed. While the simulation might run forever
due to the nature of the Not Done and New tasks being added to the
WWP, the model is programmed to terminate at the end of the week
with less than 12 tasks or 10% of the average weekly task load.
4.2. Mathematical construct of lookahead planning model for computer simulation

A mathematical construct is developed to represent the lookahead planning process and state of the system as time advances. The construct
focuses on tracking pebbles between WK2 and WK0. It also reflects all Not Done and New tasks that (re)join the batch, having passed the shielding
process into weekly work planning and having been executed that week. The construct contains mathematical equations for variables that change
each week.

TA is calculated by comparing those pebbles put on theWWP (except for New) passing the shield to those pebbles at the end ofWK2 (except for
those that cannot be made ready):

TA ¼ Total Pebbles at end of WK2−Not Ready that cannot be made ready at end of WK2ð Þ passing shield½ �Þ
Total Pebbles at end of WK2−Not Ready that cannot be made ready at end of WK2þNew at end of WK1ð Þ : ð1Þ

The mathematical model depicts TA as:

TA ¼ 1− 1−Rð Þ � 1−Pð Þ½ �
1− 1−Rð Þ � 1−Pð Þ þ NTPð Þ : ð2Þ

The mathematical construct was then built into a discrete-event simulation model (shown in Appendix A) using SIGMA version 3.5 build 64
(academic researcher version).

The construct, detailed in Appendices A and B, incorporates several assumptions: (1) 40 rocks join the lookahead plan each week. Each rock
breaks down into pebbles. The number of broken pebbles is 2, 3, or 4 chosen randomly by a random number generator; (2) all sizing constraints
are met and all tasks passing the shielding step make it into the WWP (to increase TA or the numerator of Eq. (1)); (3) all tasks are passed by the
shield and put on the WWP; (4) sequencing constraints are accounted for in R, P, RR, NR, and N; and (5) all Ready Ready tasks will be completed
once started, without interruption during execution.



Table 3
Results when varying NBR on TA and average project duration (in weeks).

NBR Average TA SD TA LCF HCF Average duration

0.0 1.0000 0.0000 1.0000 1.0000 59.00
0.1 0.9054 0.0023 0.8872 0.9236 59.14
0.2 0.8305 0.0046 0.8269 0.8341 60.00
0.3 0.7646 0.0086 0.7601 0.7691 60.00
0.4 0.7107 0.0056 0.7057 0.7157 60.00
0.5 0.6625 0.0058 0.6570 0.6680 60.00
0.6 0.6206 0.0077 0.6149 0.6263 60.00
0.7 0.5828 0.0065 0.5768 0.5888 60.67
0.8 0.5504 0.0068 0.5443 0.5565 61.00
0.9 0.5235 0.0064 0.5174 0.5296 61.00
1.0 0.4970 0.0075 0.4909 0.5031 61.00
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4.3. Experimental design

To test the research hypothesis, two experiments are designed
looking at three different paths that contribute to increasing TA. In-
creasing TA is related to reducing the ratio of New tasks to the num-
ber of pebbles at the end of WK2. Hence, in the first experiment, NBR
is varied between 0 and 1 in 0.1 increments to study the resulting re-
lationship between TA and project duration taking into account the
stochastic nature of breaking rocks into pebbles. In the second exper-
iment, R is varied between 0 and 1 in 0.1 increments to analyze the
same relationship.

TA is used to measure the plan's ability to anticipate tasks at the
end of WK2 that will make it into the WWP. It measures the team's
success in performing a comprehensive breakdown of processes
into operations and in carrying out operations design including
task sequence, resources needed, execution methods, safety precau-
tions, etc.

Since TA varies with NTP, R, and P (as per Eq. (2)), a study show-
ing the impact of these parameters should be performed to under-
stand the impact of changing TA on project duration. Accordingly,
simulation experiments were conducted to study the role of these
parameters. In the first experiment set, NBR is used in lieu of NTP be-
cause NBR is easier to track in 0.1 increments and because it incorpo-
rates a certain percentage of New tasks. When NBR varies from 0 to 1,
NTP varies from 0 to around 0.35. In the second experiment set, R is
varied from 0 to 1 in 0.1 increments to study the impact of changing
R on TA and project duration. R and P have the same impact on TA
(the graph for changes in P is the same as the graph for changes in
R) due to symmetry in Eqs. (1) and (2), so only R was reported in ex-
periment 2.

4.3.1. Design of experiment set 1: varying NBR
The first experiment set looks at varying TA by increasing NBR, and

records the impact thereof on project duration. Table 2 column 3 sum-
marizes the parameters used.

A value of NBR (ranging from0 to 1 in 0.1 increments) is input to the
model. Each of these values defines one simulation (so the set includes
eleven simulations) and each simulation is repeated 100 times, each
one with a new random number seed to capture the stochastic nature
of lookahead planning.

TA andproject duration are outputs of themodel. The project is com-
pletewhen all the tasks have been performed. Project durationwill vary
depending on the number ofDone tasks that are performed on aweekly
basis and the remaining Not Done tasks that would have to be per-
formed in the following week(s).

4.3.2. Design of experiment set 2: varying R
The second experiment set looks at varying TA by increasing R

from 0 to 1 in increments of 0.1, and records the impact thereof on
project duration. Table 2 column 4 summarizes the parameters
used. As in experiment set 1, this results in eleven simulations,
each repeated 100 times.

In lookahead planning, increasing R can be achieved by studying
tasks, evaluating constraints, and removing these constraints prior to
the arrival of the execution week.

5. Simulation results

5.1. Results of experiment set 1: varying NBR

Table 3 summarizes the results from experiment set 1. The data
exclude the effects of warm up (while initializing the simulation runs
in order to populate the system) and cool down (while terminating
simulation runs) from the results shown in Figs. 2 and 3. The project
duration in weeks is an outcome variable that changes between
runs and between experiments. Average TA and average project
duration represent a grand mean of the results averaged over 100
runs and n weeks:

X ̶ ¼ 1=100 ∗ 1=n∗ ∑X1…Xn ð3Þ

where

X̶ is the grand mean, and
Xn is the outcome result (TA and duration) for week n.

Table 3 also reports the standard deviation (SD) for TA, 95% lower
confidence intervals (LCF) calculated by deducting 1.96 ∗ SD / √n from
the grand mean, 95% higher confidence intervals (HCF) by adding
1.96 ∗ SD / √n to the grand mean.

Fig. 2 shows the resulting values for TA (average of 100 iterations)
for 11 experiments when varying NBR. Fig. 3 plots the resulting average
project duration values vs. the average TA when varying NBR. These
results show that the average TA increases as NBR decreases since
more tasks are anticipated and a lower number of New tasks emerge
to join the WWP. This highlights the importance of investing in
lookahead planning (e.g., two to three weeks prior to execution, as in
the model).

Fig. 2 suggests thatwhenNBR is low, i.e., planners are properly antic-
ipating tasks and not identifying new tasks at the last moment before or
during the execution week, TA is high. This can be achieved when plan-
ners have performed operations design including: activity breakdown,
sequencing, and resource assignment. This improvement in anticipation
is expected to also improve commitment planning if the identified con-
straints are removed in time for activity execution.

Fig. 3 and Table 3 show a shorter average project duration as the
average TA increases due to improved lookahead planning. The increase
is happening in a stepwise fashion because the project duration is
counted only in integer-multiples of weeks (if the units of time mea-
surement are changed from weeks to days, a smoother increase should
result).

Although the impact of reducing NBR on increasing TA is tremen-
dous, its impact on project duration is limited. This is due to the nature
of the newly added tasks and the planner's ability ofmaking them ready
during the executionweek (expressed by N). The impact of NBR on pro-
ject duration is thus directly dependent on N.

5.2. Results of experiment set 2: varying R

Table 4 summarizes the results from experiment set 2. The results
for each experiment are averaged over all 100 runs after excluding the
‘warm-up’ effects at the beginning of the project and ‘cool down’ effects
at the end of the project as shown in Fig. 4.

Figs. 4 and 5 show the results of average TA vs. average project dura-
tion for these eleven experiments. The results indicate that the average
TA increases when R increases. This means that improving the way



Fig. 2. Results when varying NBR on average TA vs. average project duration.
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project teams plan their tasks and make them ready is related to how
the teams break down the work and anticipate tasks. Results also
show that the average project duration shortens even for a small in-
crease in the average TA. This means that investing in lookahead plan-
ning can pay dividends in terms of project duration.

Fig. 5 plots average TA vs. average project duration, and clearly
shows a positive correlation in that increasing TA reduces project dura-
tion. The slope of the curves diminishes on both ends. On the high endof
the average TA, this indicates that the increase in effort required to
achieve an even higher average TA may not result in a commensurate
reduction in average project duration. However, the lower end of the
average TAhighlights the perils of deficient lookaheadplanning, namely
extended average project duration.

Investigating the higher-end spectrum of TA resulting from higher R
requires further research as it overlaps with other metrics such as TMR.
Results presented in Table 4 show that for lower values of P, TA is more
insensitive to R. This takeaway from this study is not intuitive in nature.
6. Discussion

Results show that changes in average TA have an impact on average
project duration. One implied condition is that tasks are made ready
once anticipated, but requiring that all constraints be removed prior to
task execution sometimes builds inventories and may cause critical
Fig. 3. Results when varying NBR on average TA vs. average project duration.
tasks to be delayed. To that end, it is proposed that constraints ‘con-
strain’ operations differently. Some prevent the operation from starting
(e.g., permits, safety plan, design), while others constrain specific steps
in the operation (e.g., material or labor). While this paper presents ex-
perimental results, performing real-life experiments can help solidify
the conclusions and better describe the relationship between TA and
project duration.

The results shown in Fig. 5 suggest that there can be diminishing
returns for increasing TA. Different projects have different levels of un-
certainty and the type of tasks at hand may impact the value of TA. For
example: (1) If an operation involves repetitive, low-uncertainty, and
independent tasks, then R and TA can increase with better planning.
(2) If the operation involves a lot of interdependent tasks, then more
collaboration is required during lookahead planning to cater for the
low R and that might result from the inability to remove constraints
early in the process. Although R may be low in this case, employing,
e.g., Building Information Modeling (BIM) and clash detection might
help in increasing TA (i.e., improve task anticipation). (3) If the opera-
tion involves highly uncertain and emergent tasks, it will be difficult
to increase TA since lookahead planning foresight is limited. In this
case, a last-minute approach to planning and removing constraints is
required during the execution week. As TA and TMR are not mutually
exclusive, parameters that impact both indicators namely R and P
were taken into account. TA, TMR, and PPC (applied to span multiple
combinations of weeks, e.g., comparing WK2 vs. WK0 and WK3 vs.
WK2) are not indicators of project performance, but they describe
how and howwell the planning system performs. They do not describe
Table 4
Results when varying R on TA and average project duration (in weeks).

R Average TA SD TA LCF HCF Average duration

0.0 0.7406 0.0046 0.7375 0.7437 82.67
0.1 0.7410 0.0047 0.7381 0.7439 72.00
0.2 0.7438 0.0056 0.7402 0.7474 66.13
0.3 0.7450 0.0050 0.7412 0.7488 64.00
0.4 0.7455 0.0070 0.7412 0.7498 62.00
0.5 0.7460 0.0053 0.7413 0.7507 60.00
0.6 0.7461 0.0047 0.7350 0.7572 59.00
0.7 0.7463 0.0041 0.7410 0.7516 58.00
0.8 0.7464 0.0054 0.7405 0.7523 57.00
0.9 0.7466 0.0055 0.7400 0.7532 56.00
1.0 0.7466 0.0054 0.7395 0.7537 55.00

image of Fig.�3


Fig. 4. Results when varying R on TA vs. project duration.
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safety, quality, cost, time, or the delivery of constructed assets fit for
purpose.
7. Conclusions

This paper studies the role of lookahead planning, presents a
novel model to describe and analyze the dynamics of the lookahead
planning process, and highlights the importance of lookahead plan-
ning as a precursor to task execution. Discrete-event simulation
was used to study the relationship between TA and project duration.
The results indicate that increasing TA by improving the team's abil-
ity to properly anticipate tasks, avoid the identification of New tasks
at the last moment before the execution week, and prepare tasks for
execution can have a positive influence on reducing overall project
duration.

This can be achieved when planners have broken down tasks into
operations and then performed operations design. Designing those
operations involves identifying and specifying the temporal relation-
ships of the steps in the operation, who is to perform them, and how
they are to be performed (e.g., welding procedures). This is routinely
done for critical and hazardous operations such as heavy lifts, or
physical testing on wall sections (water penetration, wind load)
and other constructed components, but should be expanded to all
new and repetitive operations. This improvement in anticipation is
Fig. 5. Results when varying R on average TA vs. average project duration.
expected to also improve commitment planning if the identified con-
straints are removed in time for activity execution.

The results indicate that the average TA increases when R increases.
Thismeans that improving theway project teams plan their tasks, iden-
tify constraints, and remove these constraints improves task anticipa-
tion. Results also show that the average project duration shortens
even for a small increase in the average TA. The results suggest to man-
agers of construction operations, planners, and superintendents that
investing in lookahead planning can pay dividends in terms of reduced
project duration. The study's contributions go beyond conceptualizing
the lookahead planning process and modeling the lookahead planning
decisions to demonstrating how in-process performance can be mea-
sured, not just end outcomes.
8. Future research

While supporting the assumption that increasing TA can reduce a
project's duration, this study is exploratory in nature. Additional simula-
tion experiments must be conducted and results need to be confirmed
and validated experimentally on real-life projects since some planning
and control tasks depicted in the model are not (yet) performed by
many companies that have implemented the LPS in different parts of
the world. This requires collecting data from construction projects that
track LPS metrics such as TA, TMR, PPC, as well as project metrics such
as progress, time, and cost. It is recommended that more projects start
collecting such data to enable analysis and experimental replication of
the results presented in this paper.

Future research is required to investigate the phenomenon of New
tasks and reasons for their emergence. Such research should also focus
on assessing the status of R, P, NR, N, NBR, and RR on construction pro-
jects andfindingpractical ranges. This canhelp planners better diagnose
problems in construction planning and provide bases for further
improvements.

The model can be augmented to study various phenomena such
as capacity shortages and the impact of tasks made ready on reliable
work planning. Incorporating TMR into the model and exploring the
relationship between TMR, TA, PPC, and project duration would
better describe project planning processes. Another area for future
research concerns constraints of various kinds: data sources for as-
sessment, lead times required for removal, and guidelines for
deciding when to take risks in putting constrained tasks on the
schedule.
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