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Abstract

The aim of the paper is to assist built environment’s clients and contractors towards more
effective financial planning of building projects prior to contract execution. Contractors’
usual objective is to win the contract without having to bear any significant sunk cost
related to producing detailed project-level financial forecasts at the tendering stage.
However, reliable pre-contract financial information is considered as an essential input
for project success. Thus, this study is analysing historical projects to collect actual time
and revenue data from owner’s interim payments to the contractor, to develop standard
curves (S-curves) for forecasting the cumulative value profile of small-sized to medium-
sized private commercial projects. The sample consists of forty-seven (47) completed
projects erected in the region of Attica, Greece, between 2018-2021. At first, the actual
cumulative value profile as a percentage of elapsed production time is derived for each
one of the 47 projects. Then, the research is consecutively using: i). the logarithmic
(logit) transformation, and ii). simple linear regression to fit an idiographic S-curve for
each specific project. A nomothetic prototype financial forecasting typical S-curve is next
developed from the average values of constants @ and b as previously used for fitting
the 47 single idiographic profiles. In addition, a second nomothetic model is developed
by initially fitting 4™ degree polynomial regression equations on each actual curve and
then by averaging the associated regression coefficients. Finally, the predictive accuracy
of the new planning tools was checked against the actual project profiles, and both
models proved to compare favourably against previous modelling attempts with a mean
predictive accuracy of 10.83% and 10.57%, respectively. To the author’s knowledge,
this research initiates the development of ideal financial project planning S-curves from
an adequate sample of past Greek building projects.

1. Introduction

In the building industry, financial forecasting can
be conducted at two different levels: i). at the
organizational level (for a company); and ii). at the
project level (for a particular contract) [1]. The
forecast at the corporate level entails the prediction

of cash inflows and outflows for a set time period
(usually per year) and is often used for business
planning and for analysing the financial health of
construction contracting enterprises [2]. The
financial forecast for a single construction project
deals mainly with the receipts and disbursements
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due under the execution of a specific contract [3].
Various parties in a construction contract use
forecasts for different reasons and it is therefore not
uncommon to present these forecasts in different
ways to fit specific requirements. Inaccurate project
financial forecasting is a major problem faced by
both the contractor and the client [4]. For the
purposes of this research, any reference to value
(in)flows shall mean the interim payments from the
client to the contractor for the physical production
of the project. Other cash directions one could
consider are from main contractors to their
subcontractors and suppliers, or from employers to
consultants (architect, quantity surveyor, etc.).

The detailed approach to project financial
forecasting usually involves allocating the bill of
quantities (BOQ) over time, according to the
contract schedule, in order to produce an estimated
profile (schedule-based method). This method is
considered relatively accurate, provided the BOQ is
realistic, and the contractual schedule is met [5].
However, it is also rigid and time-consuming and
depends on the availability of BOQ and contract
schedule. As a result, cost-time curves [6] and
mathematical formulae [7] have long been
suggested to give employers an early design process
guide as to the predicted project cash-flow forecast.
This is often before a contractor has been
appointed; therefore, an agreed programme or
activity-based schedule cannot be used to inform a
financial forecast [8]. Hence, equipped with the
predicted project financial requirements, owners
may be able to organize funding agreements and
also to decide on the preferred type of contract.
Different procurement routes and agreed terms may
result in different contract sums and equally in
different financial profiles [9]. Financial
forecasting is an essential tool for project managers
to ensure a project’s financial integrity and can be
used for a number of purposes: by a client to secure
funding; by a client to illustrate when and how
much is due to the contractor at various stages in the
contract period; by a contractor to reconcile income
with expenditure; and by a project manager to
compare anticipated progress against actual
progress in terms of cash-flow [10].

During the last decades, several authors have
recognized the importance of studying sigmoid
curves (S-curves) for construction projects. The “S-
curve” stands for “standard curve”, but it also takes
the shape of the letter “S” when shown on a graph
(see Fig. 1). In the typical project, the value accrual
assumes the following pattern: i). during the first
third of project duration, the value accumulates in a
parabolic pattern to achieve one-quarter of costs
incurred at one-third of project duration; ii). during
the second third of project duration, the value
accumulates in a linear fashion such that at two-
thirds of project duration, the cumulative value
accounts for three-quarters of total project value,
and iii). during the final third of project duration,
value accumulation is a mirror image of the first
third duration, to achieve 100% value at physical
completion. This pattern represents the lower level
of periodic expenditure at the beginning of a
contract (due to site set-up and relatively
inexpensive enabling works) and the lower level of
expenditure at the end of a contract (due to the vast
majority of materials being on site, reduced number
of trades on site, and decreased contractor’s staff
overhead) [11].

100%

2 CONTRACT PERIOD 100%

Fig. 1. A typical S-curve for a construction project [12]

These S-curves are usually ascertained by
mathematical formulae, which use data from
previously executed similar construction projects.
Relevant studies have been directed in two main
directions, and consequently the models developed
are classified into two categories: i). the first
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consists of legislative models, and ii). the second of
idiosyncratic models. Legislative models aim to
create general laws and principles in various types
of construction projects, which are grouped
according to the type of construction, with the main
purpose of predicting a single sigmoid curve. On
the other hand, idiosyncratic models look for
specific principles that differ in each individual
project [13]. This approach usually requires a lot of
effort and detailed analysis of the time and financial
dimensions of the project, and the process must be
carried out very carefully and in great detail [14].

Pre-contract financial forecasting models for
construction projects should be simple and quick to
implement given the lack of time available during
the bidding stage. Several such models have been
developed, but their accuracy and reliability are in
question [15, 16]. Furthermore, studies and
research have shown that lack of liquidity is one of
the primary reasons that cause the failure of
construction companies [17]. Contracting is a risky
undertaking and, each year, many firms in the
construction industry go out of business. As [18]
argued, to operate a successful contracting
company requires a specialized set of financial
management skills, because of the unique nature of
the construction process. Contractors’ reduced
insolvency results in direct and easily understood
benefits not only to the industry at large but to
society as well [19]. The “knock-on” effects
through the construction supply chain mean that
contractor’s failure affects many more than those
immediately responsible. Most importantly, this
also reduces the risk for clients in the building
sector [20]. Therefore, the development of new
mathematical models for predicting contractor’s
receipts in construction projects, which will offer
increased accuracy, reliability and improved usage
speed, still remains a research field of theoretical as
well as of practical interest.

2. Relevant Literature

This section provides a critical overview of the
different attempts to building project-level financial
forecasting model development to date and a
discussion of the validity of these models with

respect to their accuracy. Numerous and various
models have been developed worldwide: network-
based VS. mathematical formulae-based;
nomothetic vs. idiographic; deterministic vs.
stochastic.

2.1. Development of an ideal net cash flow
curve

In his early work, [21] suggested a net cash flow
model based on historical data from companies’
financial records of single net cash flows, with the
aim of determining an ideal net cash flow reference
curve as an average of a “reasonable-sized sample
of projects” for use in predicting contractors’
capital requirements. His method has not been
successfully followed up, possibly due to
difficulties in deriving such an average. [22] studied
the net cash flow profile of several projects to
measure their capital requirements and the main
variables which affected these requirements.
However, apart from showing that profit margin
was a contributing factor, the analysis failed to
produce a convincing explanation of the full range
of cash flow profiles [23]. According to [24] net
cash flow curves appear to be a poor basis upon
which to prepare any forecast because actual cash
flow values tend to fluctuate widely from forecast
ones. However, some construction firms often
employed a similar technique as part of their
management systems [ 14].

2.2. Development of models based on
time/cost network methods

In the absence of an ideal net cash flow curve, and
with the advent of computers and network
techniques for time scheduling, much research was
concentrated on (manual or automatic) integration
of network time schedules and cost items to
generate predicted cash flow. According to [25],
this approach yields relatively accurate results due
to the forecast being based on resources. The main
obstacle, however, lies in the compatibility problem
caused by the different structures of cost and
schedule items: normally, the cost items are
specified in terms of the project’s physical
elements, while the schedule is expressed in terms
of activities. [26] argued that, although this
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modelling approach can be valid, it is likely to be
predominantly a measure of an estimator’s
consistency rather than of central trends within
project groups. Historical data, on the other hand,
allows direct analysis of actual as opposed to
imaginary cash flow curves. One group of authors
[27-30] have modelled cash flow using forecast
work schedules, without accommodating the
differences between accrued costs and revenues,
and cash disbursements and receipts, respectively.
As [31] explained, this may be a serious
shortcoming of this work; if no allowance is made
for the time elapsing between the use of a resource
and the actual payment for it, “seriously misleading
information” may be generated. Accordingly,
another group of researchers [25, 32-34] adopted
the method of “weighted mean delays” to develop
their individual construction project net cash flow
models. This method involves applying systematic
delays to a cash inflow pattern to obtain the cash
outflow pattern (the difference between the two
being the net cash flow). These models did not use
the standard sigmoid [35] as their base.
Nevertheless, both [33] and [34] indicated that
standard (cumulative) value curves may adequately
replace the more complex and expensive derivation
of forecast income schedules based on network
analysis. The above suggestion supported the view
in [36] that finely detailed prediction of the curve
shape is not necessary, because cash flow is not
sensitive to the shape of the value curve. A model
based upon a standard value curve derived from
forecast work schedules, can be seen in [37]. Both
the ‘weighted mean delay’ and “ideal curve from
forecast work schedules” models have been
criticized [14] for yielding consistent results
regardless of the selection of originating (standard)
value curves and, therefore, for not being capable
of adjusting to a wide range of variable net cash
flow profiles.

2.3. Development of ideal value/cost curves
As a result of these limitations, the possibility of
building an ideal value curve based on past data has

been the subject of a considerable amount of
research [38-43, 7, 44, 1, 45-49, 8, 50-51]. This

series of typical value S-curves have been obtained
by fitting selected functions (mostly polynomial
regression) to data available from actual past
construction projects. The typical shape of a
sigmoid curve is normally a build-up period, then a
relatively steady load period, with a final tail-off
period. Research into contractors’ cash flow
forecasting took advantage of these typical S-
curves and, thus, several mathematical formulae-
based models were developed [52, 7, 44, 1, 53-54,
49-50]. These models tend to follow the same
concept and mechanism. Standard S-curves,
representing the running cumulative contract value,
are used to produce a running cumulative cost
commitment curve by subtracting the overall
applied markup. Using time lags and retention, the
two curves are then converted into cash inflow and
cash outflow profiles. The balance of these profiles
gives the predicted contract net cash flow. The same
approach has been adopted in commercial software
packages (for use by both quantity surveyors and
contractors) such as Cashflow, Ariadne, Cashflow
Manager and Paragon [55] where a library of
typical S-curves is installed to allow the user to
select the one that closely represents their project.
The mathematical formulae-based approach was
developed as a more formalized and reliable
method of predicting the cash flow pattern of
different types of projects. In addition, the forecast
could be updated during the physical construction
phase by inserting actual interim certificate
amounts and solving the simultaneous equations to
obtain a revised estimate [7]. According to [56],
mathematically based models generally have been
recognized as an effective tool for cash flow
forecasting, providing a simple, cheap, and fast
alternative to the traditional activity-based models.
They produce forecasts at an early stage with the
minimum requirement for user experience and
knowledge about the project. Thus, in [56] a new
model, namely TASC (The Advanced S-Curve),
was developed based on the definition of the project
value profile in terms of several characteristic
shape-variables which are specific for each
individual project. A relationship was established
between the shape-variables and the attributes of
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projects for a variety of project definitions.
Seventy-eight (78) shape-models were developed
which (for a given project definition) estimated the
value of the shape-variables. The data used
consisted of numeric as well as descriptive details
of around 500 construction projects encompassing
a wide variety of project types across the UK. To
the writer’s knowledge, this represents the greatest
sample of projects ever used in the development of
a cash flow forecasting model. TASC computer-
based mathematical model has proved to be more
accurate (with an average SDY of 11,22%) amongst
the five models being tested in [57] (i.¢., the straight
line of project value accumulation against project
duration; the DHSS mathematical formula [7]; the
“alpha-beta” mathematical formula [54]; the TASC
computer-based mathematical model [56]; and the
computer-based mathematical model developed in
[15]), followed closely by the latter model in [15]
with the second lowest average SDY of 12,47%.
Despite their general acceptance, S-curve
models’ reliability is in question because ideal
curves cannot be fitted accurately through a series
of projects.
significantly and, unless a detailed calculation is
produced, cash flow forecasts are likely to be
inaccurate [23]. Furthermore, they
underlying theory to support their validity. Thus,
the authors in [58] stated that this approach does not
accord with the normal scientific method which is
to develop a model based on sound theory and then
test it with actual data, rather than the other way
round. Several authors [59-60, 2], instead of fitting
value curves to the available data, have early
attempted to model cost commitment curves by
preparing detailed construction schedules and
compiling and itemizing the relevant construction
costs. Their work, however, has been criticized in
[23] for the small number of projects used and
errors caused by estimating and scheduling the
project activities. In [61], instead of producing an
S-curve that is based on historical projects (based
on classifying projects into groups and producing a
standard curve for each group simply by fitting one
curve into historical data), the authors attempted to
produce an individual S-curve for an individual

Cumulative value curves vary

lack an

project. A sample of data from fifty (50) projects
was collected and twenty (20) criteria were
identified to classify these projects. Using the most
influential criteria, a multiple linear regression
model was created to forecast the program of works
and hence the S-curves. [62] collected seventy-
eight (78) Croatian projects and defined prognostic
S-curves for three typical types of construction
projects (buildings, tunnels, and motorways). In all
three cases, the sixth-degree polynomial regression
was proven to be the best prognostic model. [63]
identified the 4™ degree polynomial model as the
most suitable model to predict project expenditure
at the pre-tender stage of supermarket and
healthcare building projects in New Zealand.

2.4. The idiographic approach

As opposed to the previously described nomothetic
models, i.e., models which aggregate samples of
projects to develop a single standard curve, an
idiographic methodology, originating from the
work in [54], has been suggested by [26, 14]. The
basic principle of this approach is that value curves
are generally unique and should be modelled
separately by fitting a specific curve for each
project. The technique used for fitting the separate
value curves is the logit transformation as explained
in [64]. However, it is important to acknowledge
that an idiographic approach cannot be used in
forecasting, and it is only useful for analytical
purposes because the curve must be designed prior
to the forecast [65]. [1] suggested that forecasting
requires nomothetic models and in [23], after
identifying the possible reasons behind the
variability of actual value curves, they used the logit
transformation technique to develop a cash flow
model based on standard cost commitment curves
that was tested successfully confirming that cost
commitment models may be more accurate and
reliable than value models. The idiographic
approach was questioned by [56] who asserted that
the nomothetic approach is a preferable solution;
the behaviour of the value profile may be chaotic,
but forecasting is not a precise science.
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2.5. Stochastic simulation and Artificial
Intelligence advanced models

Deterministic models fail to account for the
probabilistic nature of certain factors responsible
for the variation in the construction project cash
flow profile. Thus, if a mathematical formula is
used, it is more realistic to express predicted cash
flow in terms of time and cost or value envelopes
representing a confidence interval. A few
researchers have developed stochastic cash flow
models based on simulation techniques to
(explicitly) address inherent uncertainty and risk
[66-67, 46, 68, 15]. Development of standard cost
flow curves based on artificial intelligence methods
can be seen in [69-70] (both through neural
networks) and [71-72] (both with fuzzy logic).
Further advanced attempts can be found in [73-77]
(polynomial function with neural networks); and
[65] (evolutionary fuzzy hybrid neural networks).
[78] presented a novel approach, named Adaptive
Time-dependent Least Squares Support Vector
Machine (LS-SVMAT), to assist construction
managers in dealing with project cash flow
forecasting. The proposed approach, which
integrates Least Squares Support Vector Machine
(LS-SVM) and adaptive time function (ATF), is
developed as an intelligence model specifically
designed for time series data. LS-SVMAT model
predicts future project cash demands by learning of
patterns in the past. Moreover, Differential
Evolution (DE) searching algorithm is utilized in
the cross-validation process to identify the most
appropriate tuning parameters without the need of
trial-and-error process. The authors showed that
experimental result and performance comparison
have proved the strong potential of the new
inference model. However, the model is built using
a single database collected from one construction
contractor in Taipei. [79] introduced a simple
probabilistic cash flow forecasting model using
Bayesian Belief Networks (BBNs) to avoid
bankruptcy of contractors by considering influence
diagrams and risk factors that affect a project.
Workability and reliability of the proposed BBNs
approach was tested on an important building
construction project in Iran as a real case study, and

the results indicated that the model performed well.
[80] developed a new stochastic simulation-based
framework for forecasting cash flow of
construction projects considering the owners’

payment history in previous projects and
intertemporal correlation between successive
progress payments. This process involves

introducing a Budget Realization Index, with a
probabilistic nature, whose underlying distribution
is determined based on the owners’ behaviour. The
model was applied to four real projects in Iran and
according to the authors, the proposed systematic
framework would appropriately perform for
forecasting contractors’ financial status through the
project. [81] developed a method to calculate
project cash flow based on data on a building
information modelling (BIM) based simulation
platform that integrates project resources, cost data,
cash inflow and cash outflow patterns for
automated generation of project cash flow with
specified cash flow parameters. [82] combined the
underlying behaviour of cost flow with the
proposed net cash flow forecasting model
constructed based on cost flow forecasts for the
individual cost components. This is achieved by
deriving parameters from the logit transformation
technique and adopting a case study approach. The
performance of the proposed model is demonstrated
through an illustrative example using cost datasets
of the same project and, subsequently, validated
using datasets of another infrastructure project. [83]
introduces an ensemble learning decision-support
framework that combines regression random
forests and gradient-boosting regression trees
through regression voting to automate cost
estimation for residential and commercial projects.
Evaluation of this approach using the dataset from
San Francisco’s building inspection department in
the United States demonstrated significant
performance improvements over support vector
regression. [84] aims to develop an artificial neural
network (ANN) model to predict the final
construction cost (FCC) based on contract cost
(CC), contract duration, and project sector at an
early stage of a project. The data collected and used
for the ANN model was 135 Saudi Arabian
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construction projects. The finding showed that the
ANN model provided an average MAPE (mean
absolute percentage error) of 18.7%. The authors in
[85] introduce a prediction model embedding
principal component analysis (PCA) into the
support vector machine (SVM) algorithm to
achieve cost prediction of green building projects at
a reasonable number of dimensions. Further,
combined with the LS-SVM algorithm to determine
the interval of reasonable cost, the results are
compared to assess the status and extent of the
deviation of the predicted cost for each project
sample. The prediction results for the 126 project
samples show that the mean absolute and relative
errors of the PCA-SVM prediction model are equal
to 39.78 and 0.02, respectively, which are much
lower than those of the traditional SVM model and
multiple regression analysis (MRA) prediction
The research in [86]
expenditure cash-flow forecasting model for
transportation design-build projects based on case-
based reasoning and a genetic algorithm. The model
information  about  project-specific
characteristics and external market factors. The

model. introduces an

utilizes

applicability of the proposed model is examined on
a data set of 33 transportation design-build projects
delivered by Georgia Department of Transportation
from 2007 to 2020. The results show great accuracy
in forecasting expenditure cash flows of these
projects.

3. Models Development Methodology

The methodology adopted in this research is
founded on a synthesis of both the idiographic and
nomothetic approaches as used in the relevant
literature. To create the first model, an idiographic
standard S-curve is initially fitted to each individual
project through the use of i). the logarithmic (logit)
transformation [64], and 1ii). simple linear
regression (ordinary least squares method), as
introduced by [54] and later extended by [26, 14].
Then, a nomothetic typical S-curve is developed
from the average values of parameters a and b as
calculated for each one of the forty-seven (47)
projects of the sample. A “standard” or “ideal”

curve can be produced by taking the average of past
data to derive a profile which is assumed to be
standard within a specific industry for all projects,
or subgroups of projects. The second model is
derived as follows: i). a single 4" degree
polynomial equation regression curve is fitted for
each actual project, and ii). a new nomothetic
typical S-curve is modelled from the average
coefficients of each fitted profile. It is noted that,
with the exception of Fig. 1, all figures and tables
throughout the paper contain author’s own work.

3.1. Data collection and processing

During data collection, it was necessary to use
projects with similar technical characteristics in
order to produce a valid sigmoid curve. The
information was sought from eight Greek building
contractors executing small-sized to medium-sized
commercial development projects within the
greater region of Attica. The sample consists of 47
reinforced concrete-framed building projects that
were delivered between 2018-2021. For each
project, client’s actual payments to the contractor
and associated time intervals were derived. In order
for the 47 projects of different budgets (ranging
from 386,600 EUR to 934,681 EUR, with an
average of 622,239 EUR) and construction
production durations (ranging from 366 to 831
days, with an average of 576 days) to be
comparable to each other, the above interim
incoming cash flows and their corresponding
receipt times by the contractor, were converted into
cumulative proportions v; (0 < v; < 1) of the total
value (agreed final account) and t; (0 <t; < 1) of the
total duration of each project, respectively (see
Appendix A.1). These total figures V and T for
value and time for each project are presented in
Table 1:

Fig. 2 shows the actual cumulative value
profiles plotted together for all projects. The
resulting “curve envelope” is a graphical region
containing all possible variations of S-curve
profiles from past data.

The obvious variability in interim valuations
justifies the uniqueness of building projects and the
difficulty in the development of ideal curves.
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Table 1. Description of sample projects based on their actua/final budget (V) and duration (T)
Project v T Project \% T Projectno. V T
no. EUR days no. EUR days EUR days
1 525,284 396 17 602,848 460 33 636,668 681
2 665,257 435 18 879,023 743 34 530,626 581
3 725,664 578 19 489,076 543 35 437,832 434
4 483,513 474 20 506,601 495 36 580,686 596
5 662,721 701 21 776,093 642 37 568,874 673
6 592,432 743 22 491,342 434 38 441,163 477
7 510,400 410 23 386,600 503 39 534,840 635
8 602,424 451 24 891,450 726 40 934,681 831
9 557,271 443 25 892,795 743 41 695,280 668
10 711,222 543 26 598,404 496 42 836,860 744
11 545,264 475 27 452,820 397 43 920,544 822
12 770,872 734 28 529,781 504 44 883,000 674
13 422,273 381 29 436,226 366 45 436,375 451
14 758,208 681 30 686,955 595 46 704,885 697
15 594,744 603 31 411,538 436 47 786,000 763
16 434,692 388 32 523,103 575 Average 622,239 576
all projects
100%
w
=
g
80%
£0%
40%
20% '7 /
P~ . time
0% = t
0% 20% 20% 100%
Fig. 2. Actual cumulative value S-curves for all 47 projects
Y=a+bX (D

3.2. Development of the first standard S-
curve (Model-A)

The development of the first cumulative value
curve for each building project (Model-A) was
carried out using the logarithmic transformation
(logit) and the simple linear regression method. The
parameters X and Y are calculated for each value of
cash inflow v and time ¢, respectively. The
transformation of data should approximate a line
described by equation (1):

v t
where: Y = In (1 — v) and X = In (m>
Simple linear regression and ordinary least
squares method is then applied to the transformed
data to calculate the values of constants, a and b,

where:

p = HE =D -T)] o
(X —X)

a=Y —-bX (3)
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The inflow ve(f) cumulative value curve of the
project approximates a sigmoid curve as derived
from equation (4):

e (r5p)

4
1+e® (1 = t)b

Ve (t) =

Based on the above methodology, the following
parameters a and b can be calculated for each
project and are presented in Table 2, together with
the average (shaded) values (¢ = 0.1416, b =
1.3775):

Fig. 3 presents graphical comparisons of the
actual and the modelled value curves for projects 1
and 6.

Table 2. Constants a/pha (a) and beta (b) of cumulative value profiles for the 47 sample projects

Project no. a b Project no. a b Project no. a b
1 0.8241 1.4144 17 0.4730 1.1822 33 0.3459 1.5046
2 0.4251 1.3743 18 0.2363 1.0220 34 0.4523 1.2644
3 0.2693 0.8611 19 —0.2388  1.1868 35 —0.4851 1.4106
4 —0.0726  1.4882 20 —0.5549  1.5697 36 0.6372 1.2856
5 —0.4987  2.0022 21 —0.3687  1.1042 37 0.2951 1.0784
6 —0.5415  1.4496 22 —0.1889  1.5696 38 —0.0252  1.2752
7 -0.2246  1.0116 23 -0.2220  1.8773 39 0.4042 1.0659
8 0.4273 1.0328 24 —0.2515  1.4347 40 0.0096 1.0875
9 0.0567 1.8316 25 0.6447 1.6631 41 0.9664 1.6007
10 0.2608 1.2290 26 -0.2717  1.5222 42 0.8998 1.2990
11 0.3839 1.0705 27 0.4038 1.4143 43 0.6490 1.3366
12 —0.2284  1.2706 28 0.3188 1.0919 44 1.2280 1.9550
13 0.0196 1.5445 29 0.5435 1.5103 45 0.4383 1.0733
14 —0.6640  1.6145 30 —0.4178  1.4681 46 0.5061 1.2154
15 —0.6783  1.3890 31 0.5033 1.1617 47 0.8696 1.6958
16 —0.2263  1.1589 32 —0.6774  2.0726 Average 0.1416 1.3775
project #1 project #6

100% - 100% -

80% | 80% -

60% - 60% - .

40% - 40% -

20% - Z 20% -

0% ‘ ‘ ‘ ‘ ! 0% ‘ ‘ ‘ !

0% 20% 40% 60% 80% 100%

V(%) ooooo-o\/e(%)

0% 20% 40% 60% 80% 100%

v(%) ooooo-ove(%)

Fig. 3. Comparison of actual and /idiographic cumulative value S-curves for projects 1 and 6
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Obviously, there are different degrees of
approximation of the standard S-curves to the real
ones (see also Appendix A.2 (i-iv) with all 47
comparisons). From the average values of a
0.1416 and b 1.3775, a nomothetic typical
forecasting cumulative value S-curve profile is
constructed, based on the idiographic profiles of all
47 projects. The fitted ideal S-curve together with
its associated proportions of value and duration is

introduced in Fig. 4.

3.3. Development of the second standard S-
curve (Model-B)
The development of the second model (Model-B) is
based on the 4" degree polynomial regression
which entails four constants in defining the S-
shaped curve. A similar process to previous
modelling effort (for Model-A) is followed, i.c., at
first, a 4™ degree polynomial equation is fitted to
each specific actual project and the associated
constants are calculated; then, the constants from
the 47 equations are averaged such that an ideal
single equation is derived. The fitted 4% degree
polynomial formulae are as follows (in parentheses,
each project’s no.):
(1) y=1.7361x* - 5.254x> + 4.0767x* + 0.4246x
(2) y =—1.8442x* +2.1244x3 — 0.1379x% + 0.8507x
(3)y=5.3317x* — 9.4895x> + 4.3646x* + 0.811x
(4) y =-1.3401x* + 0.583x> + 1.5625x* + 0.1846x

typical S-curve

(5) y=-7.1739x* + 10.382x3 — 2.5041x> + 0.2272x
(6) y=—7.7016x* + 13.739x3 — 6.2628x> + 1.2184x
(7) y=2.4622x* — 4.0171x3 + 1.9348x2 + 0.6456x
(8) y=12.3942x* — 4.5947x3 + 2.1733x> + 1.0317x
(9) y=1.2049x* — 5.1613x> + 5.5245x2 — 0.57x
(10) y =-3.2006x* + 5.3344x> — 2.4409x> + 1.3003x
(11) y=—1.2699x* + 2.1305x> — 1.2535x> + 1.3888x
(12) y =—2.2498x* + 3.1484x> — 0.5263x% + 0.614x
(13) y =—0.3773x* — 1.9351x3 + 3.5279x% — 0.229x
(14) y = 1.2823x% — 4.8686x> + 5.3772x% — 0.8015x
(15) y = —4.665x* + 8.0957x3 — 3.1402x> + 0.7104x
(16) y = 0.1108x* — 0.3992x> + 0.6416x> + 0.6556x
(17) y = 1.8872x* — 4.7033x> + 3.1125x% + 0.6999x
(18) y=-2.9179x* + 5.9038x> — 3.8458x2 + 1.856 1 x
(19) y =—1.682x* + 3.1124x> — 1.2889x* + 0.8735x
(20) y =—4.8534x* + 8.7721x> — 3.9675x> + 1.0594x
(21) y = 0.7675x* — 2.0018x> + 2.0007x* + 0.2374x
(22) y=—7.0432x* + 12.998x — 6.5406x> + 1.5884x
(23) y =—2.7859x* + 2.4928x + 1.3808x% — 0.1039x
(24) y=-0.1632x* — 1.2552x3 + 2.3195x2 + 0.0944x
(25) y = 3.0591x% — 7.697x> + 5.5996x2 + 0.0452x
(26) y=—6.4731x* + 12.812x3 — 7.0345x2 + 1.7205x
(27) y =—0.0894x* — 1.2141x3 + 1.6405x2 + 0.6586x
(28) y = 4.3759x* — 8.6621x> + 4.7959x% + 0.5057x
(29) y=-3.7161x* + 5.3147x* — 1.6259x> + 1.0046x
(30) y =—5.0949x* + 8.977x> — 3.9029x* + 1.0209x
(31) y=-1.5791x* + 3.1834x> — 2.318x% + 1.7232x
(32) y =—5.6548x* + 9.1526x° — 3.0647x + 0.569x
(33) y = 0.6376x* — 2.7224x* + 2.6565x% + 0.4311x

100%
1]
% t v
=
0.00% | 0.00%
208 /
/ 10.00% | 5.29%
20.00% | 1458%
B0% / 30.00% | 26.40%
40.00% | 39.73%
50.00% | 53.53%
4%
60.00% | 66.82%
70.00% | 78.73%
20% 7 80.00% | 88.61%
90.00% | 95.96%
time 100.00% | 100.00%
0%
0% 20% 40% BO%  BO%  100%

Fig. 4. The first typical S-curve developed in this research (Model-A)
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(34) y =0.1909x* — 1.7136x> + 1.8106x* + 0.7053x
(35) y=-2.9277x*+5.0048x> — 1.7659x + 0.6988x
(36) y=-1.0904x* + 1.3434x* - 0.5716x> + 1.3145x
(37)y=-1.3583x*+2.3571x - 1.3372x> + 1.3367x
(38) y=-4.2807x*+7.4501x> - 3.3494x> + 1.1757x
(39) y=-0.6875x*+ 1.6913x> — 1.6384x> + 1.6407x
(40) y=-4.2541x* + 8.2594x> — 4.6223x> + 1.6218x
(41) y=4.995x* — 11.733x* + 7.8877x* — 0.1497x
(42) y=0.5878x*—3.3097x> + 3.2183x* + 0.4771x
(43) y=15.5561x* — 13.23x> + 9.1113x* — 0.4462x
(44) y =2.9741x* - 8.7593x> + 7.0039x% — 0.2308x
(45) y=-0.7566x*+1.9506x> — 1.9219x2 + 1.7384x
(46) y = 2.8048x* — 6.3048x> + 3.956x* + 0.5496x
(47)y=-3.3567x*+4.6751x> - 1.5176x> + 1.1981x
The resulting nomothetic 4" degree polynomial
equation for project cash flow forecasting is:

y=-1.0262x* + 0.89281x> + 0.40634x + )
0.72503x
Fig. 5 shows the fitted 4" degree polynomial

curves against the actual duration-value data points
for projects 1 and 10. Appendix A.4 (i-viii) presents
actual and nomothetic 4™ degree polynomial
cumulative value S-curves for all projects.
Apparently, like in the idiographic curves’ plots
against the actual project profiles, there are various
degrees of discrepancy between each fitted S-curve
and the real curves.

project #1
100% -+ “____.....‘...9
>
80% + ‘.~°"’ g
60% ~
o | ’
20% + .::';.
."’.:'

0% -+ : : : : :
0%  20% 40%  60%  80%  100%

4. Predictive Accuracy of the Developed
Models

In order to evaluate whether the constructed
forecasting mathematical models could be used in
the financial planning of new commercial building
projects, it is deemed necessary to proceed with a
comparison of the new standard profiles with each
one actual profile of the sample.

4.1. Measurement of the “goodness of fit”
The most commonly chosen criterion to assess a
prognostic model’s effectiveness is the standard
deviation about the estimate of Y, put forward as a
risk index by [24] and abbreviated to “SDY” by
[54]. This measure was also used by [87, 1, 23, 57,
63], and is usually presented as a percentage (%).
SDY adopts the common measure of dispersion:

o /M ©)
n

The fitted model is then declared to be the
measure of central tendency of the Y data values.
Thus, X is replaced by the estimated (fitted) value
of Y (Y&) for a given X co-ordinate. The variance
being measured is of Y about Yg. The underlying
rationale is that for each point X there is a true mean
value of Y, and that any deviance can be explained
by a random normally distributed error. A
systematic error would imply a limitation of the
fitted model. The measure of dispersion for the
model is:

project #10

100% -+ )
80% -+
60% -+
40% +

20% +

0% +—ri : : : :
0%  20% 40% 60%  80%  100%

Fig. 5. Comparison of actual and 4th degree polynomial cumulative value S-curves for projects 1 and 10
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where: Y is the actual value at any accounting
period; Y% is the estimated or fitted value; and # is
the number of payment times (observations).

The lower the SDY value, the more accurate the
model being tested. Given that the standard curve is
based on simple linear regression, two degrees of
freedom are subtracted when calculating the SDYs,
as shown in the above equation. Another fair and
more realistic convention is to exclude (whilst
decreasing the model’s level of accuracy) the first
and last points (i.e., 0% and 100%, respectively) of
the data from SDY calculations. Accuracy of
traditional pre-contract estimating methods in
construction is normally expected to take values at
around 25% [88]. Earlier financial forecasting
models’ predictive accuracy as explored in the
literature, range from 6-7% (e.g., in [63]) to 11-13%
(e.g., in [56, 15]).

4.1.1. Logit regression model (Model-A)

The first herein introduced model indicates an
average SDY value of 10.83%, with a lowest (most
accurate) value of 3.94% for project 2 and a highest
(least accurate) value of 19.05% for project 6 (see
figures in shaded cells in Table 3 below).

Furthermore, in 26 out of 47 cases, i.¢., for more
than half of the projects (55.3%), SDY figures are
less than 11% and, in six instances, less than 6%.
Appendix A.3 (i-iv) presents the graphical
comparisons between the actual S-curve and the
modelled ideal cumulative value S-curve (Model-

A), for projects 1-47.

4.1.2. 4" Degree polynomial regression model
(Model-B)
The second model introduced in this research
indicates an average SDY value of 10.57%, with a
lowest (most accurate) value of 3.34% for project
10 and a highest (least accurate) value of 18.41%
for project 20 (see shaded figures in Table 4 below).
In 27 out of 47 cases, i.e., for more than half of the
projects (57.5%), SDY figures are less than 11%
and, again in six instances, less than 6%.
Therefore, there is conclusive evidence that the
developed mathematical models (Model-A and
Model-B) compare favourably with previous
relevant prognostic models and can be implemented
as useful forecasting tools towards more effective
financial planning of small-sized to medium-sized
commercial buildings (of an average total value of
approximately 625,000 EUR and an average total
duration of 576 days).

Table 3. Results from testing the /ogit regression model against actual profiles (SDY per project)

Project no. SDY % Project no. SDY % Project no. SDY %
1 11.77 17 9.91 33 5.96
2 3.94 18 8.33 34 6.31
3 12.31 19 12.73 35 15.18
4 6.31 20 16.01 36 9.14
5 16.39 21 13.01 37 5.15
6 19.05 22 14.00 38 8.04
7 9.94 23 11.57 39 9.96
8 13.85 24 6.46 40 9.68
9 6.57 25 8.74 41 14.91
10 4.53 26 16.51 42 10.61
11 8.15 27 4.63 43 15.59
12 8.59 28 10.22 44 15.21
13 9.48 29 5.29 45 9.94
14 14.60 30 14.09 46 9.25
15 18.45 31 8.66 47 10.07
16 11.80 32 18.32 Average 10.83
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Table 4. Results from testing the 4 degree polynomial model against actual profiles (SDY per project)

Project no. SDY % Project no. SDY % Project no. SDY %
1 12.97 17 10.12 33 7.16

2 4.58 18 7.04 34 6.68

3 12.21 19 11.24 35 13.70
4 5.93 20 18.41 36 9.37

5 15.93 21 11.86 37 4.68

6 17.77 22 12.27 38 6.60

7 8.99 23 11.40 39 9.48

8 14.10 24 5.94 40 7.62

9 7.89 25 10.11 41 15.98
10 3.34 26 15.07 42 11.74
11 7.90 27 6.64 43 16.97
12 7.52 28 10.63 44 16.62
13 10.24 29 5.73 45 9.31

14 14.29 30 12.77 46 10.11
15 17.24 31 8.34 47 10.97
16 10.25 32 17.15 Average 10.57

5. Conclusion this research, two prototype financial forecasting

The ability to predict cash-flows in construction
projects during the bidding stage presents particular
difficulties given the lack of time and the additional
expenses involved in such an effort. Constructors
often wait for the contract to be awarded before
proceeding to develop a detailed construction
programme and thus to estimate the relevant cash
inflows and outflows during the project more
realistically. Nevertheless, there is an indisputable
need in the building industry for predicting the
financial parameters (e.g., value, cost, cash-flows)
of projects quickly, and as robustly as possible
during the tendering stage, for the following
reasons: it is crucial to estimate the financial benefit
of undertaking a project in relation to the total
portfolio of projects, which a contractor has agreed
to execute; it is important to offer the possibility of
estimating the working capital that will be required
until the project becomes self-financing from its
revenues; and during the construction production
stage, it must be possible to compare predicted
values with actual ones and to be able to decide on
corrective actions, if necessary.

Developing out of a group of historical projects
similar to the one to be executed, and implementing
standard curves at early building project phases, is
a fast and economic alternative to traditional more
detailed pricing network-based methodologies. In

typical S-curves are introduced based on a synthesis
of both the idiographic and nomothetic approaches
as found in the relevant literature. The results of the
study support the assertion that typical S-curve
profiles with a fairly high level of accuracy can
assist in the planning of successful commercial
building projects. The predictive capability of the
constructed ideal S-curve profiles when tested on
the 47 actual past projects of the sample used in the
analysis, compare favourably with previous models
with average SDY values of less than 11% in more
than 55% of the cases and with an approximate
range of variation between 4% and 19%.

The herein suggested financial predicting
methodologies can also be implemented to model
other types of projects if valid data from actual past
projects can be collected. Nonetheless, the study is
rather limited by the sample size of 47 past building
projects, but it is expected that the inclusion of
additional actual similar projects in the analysis will
enhance its modelling robustness. Moreover, the
two standard S-curves resulted from the modelling
process, need to be tested on new “fresh” data
before can be used for decision-making, to avoid
misleading judgment. Another practical aspect that
needs to be examined in future work is the different
cash flow management strategies decided by
construction companies, e.g., projects could be
planned as back-end loaded or front-end loaded,
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payments to subcontractors may be delayed, etc.
[89].

To the author’s knowledge, this research
represents the first attempt in developing
cumulative value ideal S-curves for pre-contract
construction project planning from an adequate
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Appendix A.1
Proportions of actual cumulative value and duration for the sample of the 47 past projects.
1 2 3 4 5
t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%)

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

7.83% 7.05% 12.24% 11.98% 5.19% 6.89% 21.90% 12.53% 13.12% 3.81%
15.40% 17.61% 31.64% 29.02% 15.74% 16.54% 32.85% 24.52% 21.68% 5.98%
23.23% 24.66% 49.55% 53.46% 21.11% 27.56% 44.16% 36.04% 26.11% 7.76%
30.81% 38.44% 69.55% 81.89% 26.47% 39.75% 55.11% 52.95% 30.39% 8.47%
38.64% 45.50% 78.51% 92.02% 31.49% 45.27% 66.42% 77.07% 34.81% 9.00%
46.46% 60.34% 87.76% 96.01% 36.85% 52.16% 77.74% 86.86% 39.09% 11.31%
53.54% 78.27%  100.00%  100.00% 42.04% 56.29% 88.69% 94.55% 43.51% 13.92%

61.36% 84.43% 47.40% 63.18%  100.00%  100.00% 47.93% 21.26%
68.94% 91.92% 52.60% 67.89% 52.21% 33.84%
76.77% 94.76% 63.32% 69.29% 56.63% 48.75%
84.34% 96.41% 68.51% 70.67% 60.91% 70.36%
92.17% 97.65% 73.88% 73.42% 65.34% 71.85%
100.00%  100.00% 79.07% 76.87% 69.76% 83.79%
84.43% 81.00% 73.75% 88.50%

94.64% 92.97% 78.17% 91.26%

100.00%  100.00% 82.45% 93.03%

86.88%  96.81%
91.16%  98.30%

95.58%  99.64%

100.00%  100.00%

6 7 8 9 10

t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%)
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
12.76% 4.93% 5.36% 3.85%  20.53%  24.85%  12.35% 3.18%  12.76%  14.06%
24.69%  12.77%  10.55% 8.17%  40.40%  57.07%  25.10% 9.54%  24.28%  25.31%
37.45%  17.49%  15.92%  12.10%  60.93%  68.79%  37.86%  31.82%  37.04%  32.34%
49.79%  21.29%  21.28%  20.35%  81.46%  87.31%  50.21%  56.82%  49.38%  51.45%
62.55%  51.27%  26.30%  23.69% 100.00% 100.00%  62.96%  69.53%  62.14%  66.55%

74.90% 78.24% 31.66% 31.22% 75.31% 90.64% 74.49% 85.34%
87.65% 93.28% 47.40% 42.64% 88.07% 97.46% 87.24% 94.24%
100.00%  100.00% 63.32% 57.34% 100.00%  100.00%  100.00%  100.00%

79.24% 67.28%

89.45% 82.38%

94.81% 96.16%

100.00%  100.00%
11 12 13 14 15
t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%)
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
10.91% 18.34% 8.98% 3.49% 17.13% 9.00% 16.57% 3.19% 9.90% 3.39%
22.18% 20.58% 18.26% 13.86% 32.60% 20.07% 33.70% 12.14% 20.13% 6.11%
33.09% 38.92% 27.25% 16.92% 49.72% 45.51% 50.28% 42.38% 30.03% 13.15%
44.36% 57.26% 36.53% 28.68% 66.30% 84.97% 67.40% 72.02% 40.26% 18.53%
55.64% 57.26% 45.81% 31.76% 83.43% 90.10% 84.53% 84.10% 50.50% 32.22%
66.55% 74.44% 54.19% 53.43% 100.00%  100.00%  100.00%  100.00% 59.74% 41.15%

77.82% 89.28% 63.47% 57.57% 69.97% 56.02%
88.73% 92.66% 72.46% 78.89% 79.87% 86.03%
100.00%  100.00% 81.74% 87.21% 90.10% 91.79%
90.72% 91.56% 100.00%  100.00%

100.00%  100.00%
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16 17 18 19 20
t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%)

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
17.03% 10.46% 4.84% 4.24% 11.93% 13.90% 12.76% 10.22% 23.04% 7.50%
33.52% 30.02% 9.69% 8.58% 24.69% 34.42% 25.51% 16.13% 30.89% 19.33%
50.55% 47.24% 14.06% 14.52% 37.04% 40.95% 37.04% 27.92% 38.73% 24.22%
67.58% 57.85% 18.91% 20.76% 49.79% 48.36% 49.79% 42.70% 45.82% 30.74%
82.97% 85.06% 23.59% 30.80% 62.14% 65.47% 62.14% 54.18% 53.67% 37.84%

100.00%  100.00% 28.44% 36.53% 74.90% 82.15% 74.90% 64.56% 61.27% 46.55%
37.97% 43.49% 87.65% 90.73% 87.24% 93.08% 69.11% 57.71%
42.81% 60.21%  100.00%  100.00%  100.00%  100.00% 76.71% 76.33%

57.03% 74.01% 84.56% 93.36%
71.25% 86.50% 92.41% 96.74%
95.16% 97.37% 100.00%  100.00%
100.00%  100.00%
21 22 23 24 25
t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%)

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
12.40% 9.66% 15.27% 10.18% 20.13% 5.78% 7.28% 1.78% 12.76% 7.19%
25.21% 12.89% 30.54% 21.85% 30.03% 11.13% 14.32% 3.46% 24.28% 23.98%
38.02% 23.49% 45.81% 31.01% 40.26% 32.31% 21.60% 15.31% 39.09% 50.15%
49.59% 49.26% 54.19% 37.12% 50.50% 42.61% 28.87% 21.28% 59.67% 76.67%
62.40% 54.41% 63.47% 54.08% 59.74% 52.80% 35.45% 25.12% 74.49% 88.24%
74.79% 66.58% 72.46% 72.27% 69.97% 86.78% 42.72% 30.62% 86.83% 98.39%
87.60% 87.11% 81.74% 90.43% 79.87% 94.86% 49.77% 44.73%  100.00%  100.00%

100.00%  100.00% 90.72% 98.58% 90.10% 96.78% 57.04% 58.47%
100.00%  100.00%  100.00%  100.00% 64.08% 68.97%

71.36% 76.14%

78.64% 80.63%

85.68% 89.63%

92.96% 96.63%

100.00%  100.00%

26 27 28 29 30
t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%)

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
16.90% 9.19% 7.81% 3.63% 10.20% 9.31% 8.47% 8.59% 15.44% 6.46%
21.83% 15.04% 15.37% 14.97% 19.41% 16.29% 16.67% 15.47% 23.04% 15.87%
30.99% 23.87% 23.17% 23.48% 29.61% 43.44% 25.14% 22.34% 30.89% 17.17%
50.00% 33.91% 30.73% 33.72% 39.47% 55.37% 33.61% 28.84% 38.73% 18.46%
64.08% 42.27% 38.54% 39.79% 49.67% 60.15% 41.53% 42.17% 45.82% 29.36%
69.01% 56.08% 46.35% 53.32% 59.54% 72.01% 50.00% 49.05% 53.67% 40.53%
78.64% 74.92% 53.90% 61.82% 69.74% 77.36% 58.20% 65.10% 61.27% 49.91%
85.68% 94.00% 61.71% 75.12% 79.93% 82.01% 66.67% 82.51% 69.11% 63.40%
92.96% 99.16% 69.27% 83.62% 89.80% 93.02% 74.86% 93.38% 76.71% 77.48%

100.00%  100.00% 77.08% 88.40%  100.00%  100.00% 83.33% 97.09% 84.56% 90.65%
84.89% 94.92% 91.80% 98.62% 92.41% 97.42%
92.19% 98.02% 100.00%  100.00%  100.00%  100.00%

100.00%  100.00%
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31 32 33 34 35

t (%) v (%) t (%) t (%) t (%) v (%) t (%) v (%) t (%) v (%)
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
9.23% 12.46% 22.55% 4.06% 15.47% 9.03% 6.35% 5.58% 18.26% 8.75%

18.15% 24.61% 33.09% 15.06% 32.60% 38.60% 12.50% 13.81% 30.54% 17.16%
27.38% 34.33% 44.36% 22.37% 49.17% 53.21% 18.85% 18.46% 42.81% 27.54%
36.61% 48.67% 55.27% 38.13% 66.30% 78.67% 25.20% 25.90% 51.20% 35.11%
45.24% 55.96% 66.55% 61.28% 82.87% 94.06% 31.35% 33.67% 57.49% 47.31%
54.46% 59.29% 77.45% 82.16% 100.00%  100.00% 37.70% 40.50% 72.46% 64.90%

63.39% 69.01% 88.73% 98.38% 43.85% 54.30% 81.74% 81.65%
72.62% 81.14%  100.00%  100.00% 56.56% 70.50% 90.72% 95.80%
81.55% 90.86% 74.80% 87.65%  100.00%  100.00%
90.77% 97.33% 93.65% 97.95%
100.00%  100.00% 100.00%  100.00%
36 37 38 39 40
t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%)
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
10.35% 12.95% 11.36% 15.79% 7.26% 5.55% 16.42% 22.79% 9.21% 10.96%

17.93% 20.84% 33.70% 33.56% 14.29% 12.35% 25.37% 34.73% 21.49% 19.15%
23.23% 28.72% 45.05% 51.32% 21.55% 16.89% 38.81% 43.69% 33.33% 31.00%
30.81% 40.18% 55.31% 60.40% 28.81% 21.42% 45.07% 56.82% 48.68% 40.60%
41.16% 50.68% 66.67% 73.57% 35.83% 24.49% 65.97% 71.75% 60.53% 53.09%
46.46% 58.51% 77.66% 82.85% 43.09% 34.66% 81.19% 85.33% 72.37% 71.86%
56.06% 65.08% 89.01% 94.08% 50.12% 43.72% 93.43% 97.01% 88.16% 93.75%
66.41% 80.84%  100.00%  100.00% 57.38% 50.19%  100.00%  100.00%  100.00%  100.00%

81.57% 95.90% 64.64% 58.86%
91.92% 97.37% 71.43% 74.12%
100.00%  100.00% 78.69% 87.72%

85.71% 91.36%
92.97% 97.73%
100.00%  100.00%

41 42 43 44 45
t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%) t (%) v (%)

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
6.62% 3.98% 2.21% 5.09% 8.77% 2.72% 8.16% 3.77% 10.13% 12.68%
11.97% 9.37% 7.90% 9.48% 13.98% 16.30% 12.31% 9.36% 18.82% 29.21%
19.44% 17.84% 13.24% 15.28% 21.80% 18.21% 16.76% 17.51% 30.80% 40.56%
22.86% 29.29% 19.67% 19.91% 29.38% 30.68% 20.47% 20.70% 42.48% 51.60%
33.12% 37.32% 24.45% 24.08% 35.31% 46.70% 25.82% 23.75% 54.88% 63.86%
39.10% 50.89% 30.70% 30.60% 42.42% 59.69% 30.71% 27.93% 67.00% 71.80%
45.09% 69.80% 33.82% 39.73% 49.29% 80.02% 35.31% 38.13% 77.60% 82.40%
50.64% 83.42% 42.65% 52.22% 57.58% 86.14% 39.91% 52.82% 91.00% 96.35%
69.62% 90.80% 47.24% 64.44% 64.22% 91.18% 43.03% 63.63%  100.00%  100.00%
74.74% 94.10% 52.76% 72.09% 83.07% 95.53% 48.96% 74.02%
89.97% 98.63% 57.90% 78.71% 96.97% 98.29% 52.97% 80.41%
100.00%  100.00% 62.26% 88.26%  100.00%  100.00% 59.20% 90.62%

72.24% 94.01% 67.66% 96.23%
78.13% 96.23% 80.62% 98.40%
87.87% 98.09% 100.00%  100.00%

94.12% 98.45%
100.00%  100.00%
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46 47
t (%) v (%) t (%) v (%)

0.00% 0.00% 0.00% 0.00%
9.33% 8.77% 10.27% 6.94%
15.21% 15.40% 20.53% 23.85%
20.80% 22.51% 28.90% 34.29%
25.25% 30.41% 44.49% 47.87%
32.27% 40.51% 57.03% 67.60%
38.86% 52.82% 66.54% 89.49%
46.73% 56.46% 78.71% 97.57%
50.75% 66.69%  100.00%  100.00%
55.48% 71.51%
59.35% 78.90%
68.37% 80.08%
79.39% 88.18%
88.41% 94.21%
97.42% 99.26%
100.00%  100.00%
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Appendix A.2

(i) Comparison of actual and idiographic camulative value S-curves for projects 1-12 (Model-A).

project #1 project #2 project #3
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(i1) Comparison of actual and idiographic cumulative value S-curves for projects 13-24 (Model-A).
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(iii)) Comparison of actual and idiographic cumulative value S-curves for projects 25-36 (Model-A).
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(iv) Comparison of actual and idiographic cumulative value S-curves for projects 37-47 (Model-A).
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Appendix A.3

(i) Comparison of actual and nomothetic cumulative value S-curves for projects 1-12 (Model-A).
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(i1) Comparison of actual and nomothetic cumulative value S-curves for projects 13-24 (Model-A).
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(ii1)) Comparison of actual and nomothetic cumulative value S-curves for projects 25-36 (Model-A).
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(iv) Comparison of actual and nomothetic cumulative value S-curves for projects 37-47 (Model-A).
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Appendix A.4

(i) Actual vs. 4™ degree polynomial nomothetic camulative value S-curves for projects 1-6 (Model-B).
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(ii) Actual vs. 4% degree polynomial nomothetic cumulative value S-curves for projects 7-12 (Model-B).
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(iii) Actual vs. 4™ degree polynomial nomothetic cumulative value S-curves for projects 13-18 (Model-B).
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(iv) Actual vs. 4™ degree polynomial nomothetic cumulative value S-curves for projects 19-24 (Model-B).
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y = -6,4731x% + 12,812x3 - 7,0345x2 + 1,7205x
[ ]
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(v) Actual vs. 4™ degree polynomial nomothetic camulative value S-curves for projects 25-30 (Model-B).
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(vi) Actual vs. 4™ degree polynomial nomothetic cumulative value S-curves for projects 31-36 (Model-B).
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(vii) Actual vs. 4% degree polynomial nomothetic cumulative value S-curves for projects 37-42 (Model-B).
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(viii) Actual vs. 4™ degree polynomial nomothetic cumulative value S-curves for projects 43-47 (Model-B).
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