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TENDER PRICE AND TIME PREDICTION FOR
CONSTRUCTION WORK

Summary

The investment decision for a proposed building is usually based upon a
prediction of the construction price. The thesis considers the reliability
and accuracy of price predictions and develops a new approach to
forecasting prices at the design stage based upon operational data.

The concept of construction prices is discussed together with the extent
of the variability exhibited by prices for various trades and items of
building work. Existing methods of price prediction for construction work
are analysed, in particular, cost models are considered as a basis for
prediction,

The accuracy of the quantity surveyor's price predictions and the
contractor's estimates are investigated using case studies. A method of
monitoring performance is put forward to show past trends and provide
information on corrective action that should be taken.

The use of a construction duration mode! has been researched to predict,

at the design stage, the time required to construct a building. The model
gives the design team the opportunity of testing the effect of alternative
design solutions on the construction time. The model has been linked to the
preliminaries trade and by simulating the contractor's approach on pricing
preliminaries, a price forecast is produced based upon the duration for each
of the items in the trade. A case study of a medium rise office bullding is
used to test the model.

An operational approach to price prediction is produced by using the
duration model in conjunction with algorithms and factor tables for the
activities in the construction process. The system takes account of the
effect on prices of operational sequence of activities, the method of
construction, and the factors that influence site productivity.

(Price and time prediction)
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AMENDMENTS

Page 3 (immediately preceding 1.2 Structure of the Thesis)

It is emphasised that the thesis addresses the problem of predicting
tender prices and not the price clients eventually pay for completed

buildings when account is taken of claims and other increases in costs.

Page 256 (insert as paragraph 2)

This leads to an overlying qualification of the whole work, namely

that the various conjectures and proposals have been tested only to

a limited extent. Whilst they are plausible, their relevance to
building will need to be further tested. The thesis indicates how
this may be attempted through further research which was not possible
in the present investigation. In brief, the thesis points to possible

rather than final solutions.



Chapter 1 ‘

Introduction and objectives of the research

1.0 Introduction.

(1)

Reliable price prediction for a proposed building is probably one of the
most important tasks performed by a consultant quantity surveyor because a

client will often base his Investment decision on this forecast.

If a project does not proceed because the contractor's tender price was not
within acceptable limits of the quantity surveyor's price prediction, this
will have serious implications for the client, the construction industry
and the allied professions who will h;ve been involved in abortive costs

and work. Any research to improve the price prediction process could,

therefore, make a useful contribution to the construction industry.

Price brediction at present is not a precise scientific exercise, but an
art which involves intultion and expert judgment. When investigating any
process which involves costs and prices, one must remember that the base
data are often crude and subjective. This is not a criticism, but it does
provide a reason why, academically, quantity surveying research today Is
probably at the equivalent stage of development that engineering was one
hundred yeérs ago. Unlike engineering and the sciences, quantity surveying
suffers from the disadvantage that there are no theorems upon which to test

hypotheses. Many of the current and impending problems of the quantity

(1)

Throughout the thesis we have used the terms prediction and forecast
Interchangeably to mean a prediction of a price for building work

compiled by the quantity surveyor at the design stage.
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surveying profession will remain insoluble until new decision aiding tech-
niques are developed and adopted which are commensurate with the changes

which have occurred in the construction process.

1.1 Objectives of the Research.

We recognised the importance of the price prediction process to the quantity
surveying '‘profession and felt that some fundamental research was necessary.
The quantity surveyor relies extensively on the use of adjusted historical
unit price rates as the basis for price prediction of proposed projects,
whereas the contractor adopts a completely different approach to pricing
estimates by using operational data to decide the resources required and

the duration for which those resources are needed. Therefore, in the thesis

our objectives are to consider:

1) the variability of prices for building work and the possible existence

of any trend between groups of items or trade sections;

2) the adequacy of price prediction techniques currently used by quantity

surveyors;

3) the accuracy of the quantity surveyor's price predictions measured
¢ Y q Y Y P p

against the contractor's low bids;

4)  the accuracy of the contractor's estimate at the tender stage to the

final cost shown in the contractor's cost book;

5) the effect of the project duration on the price, and whether, at the
design stage, a knowledge by the quantity surveyor of the construction
duration would Improve the rellability of any part of the price

prediction;
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6)  the effect on the quantity surveyor's price prediction if an operational

approach to forecasting was used.

We have also set specific objectives at the beginning of each chapter, from

which conclusions have been drawn.

1.2 Structure of the Thesis.

In Chapter 2 of the thesis, we examine the concept of prices for building
work and consider the extent of variability of the contractor's price rates

for a number of measured items and trades.

Chapter 3 discusses the causes of price variability and analyses the extent
to which they are considered by existing forecasting techniques. In deter-
mining the price of a future project the quantity surveyor will normally
use prices derived from the low bids on previous projects. This practice
is examined for any characteristics associated with the contractors'

approach to bidding which are relevant to price forecasting.

The concepts of accuracy and reliability are discussed in Chapter 4. The
accuracy of the contractor's estimate compared with his true cost is con-
sidered. The accuracy of the quantity surveyors' price predictions measured
against the contractor's low bid prices is also considered, with the use of
data from two County Council cost planniﬁg departments. A graphical tech-
nique Is propounded which provides a method of monitoring estimating per-

formance for the quantity surveyor.

In Chapter 5 we investigate the significance of construction duration on
construction prices. The duration model which is developed is used to
calculate the construction duration at the design stage of a project. It

also produces a price for the preliminaries trade and a cash flow analysis.
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The duration model is used in Chapter 6 to research an operational approach
to price prediction. The technique takes account of the operational sequence
of work, the method of construction and the activity durations, while

developing the price using resources rather than unit price rates.

Chapter 7 draws together the main conclusions and makes suggestions for

changes in the present system.

1.3 Research Method.

Research into prices and costs involves investigation at all levels of con-
struction and design activity. Considerable effort was directed to discus-
sions with operatives, management and professional people. We found the co-
operation provlﬁed by every sector of the construction industry and allied
professions to be very encouraging. It was most valuable to talk to those
performing construction operations about the problems associated with thelr
tasks. We found this particularly important when we considered the operational

approach to price prediction in Chapter 6.
The prediction of a price for_a product is not unique to the construction
industry. We therefore looked at other industries and disciplines to see if

any of the prediction techniques could be used by quantity surveyors.

1.4 Abbreviations.

To save space the followling acronyms have been used in the thesis:



AlA
BCIS
B§
cP
DHSS
DOE
DQSS
108
1QS
MPBW
NFBTE
QECD
RIBA
RICS

SMM

_5-
Ameriean Institute of Architects.
Building Cost Information Service.
British Standards Institution,
British Standards Institution Code of Practice.
Department of Health and Social Security.
Department of the Environment.
Directorate of Quantlty Surveying Services.
Institute of Building.
Institute of Quantity Surveyors.
Ministry of Public Buildings and Works.
National Federation of Building Trades Employers.
Organisation for Economic Co-operation and Development.
Royal Institute of British Architects.
Royal Institution of Chartered Surveyors.

Standard Method of Measurement of Building Works.



Chapter 2

The concept of price and the variability of construction -
prices

2.0 Introduction.

The whole basis of the quantity surveying profession is a reliance on an
extensive knowledge of construction prices. Despite the Importance of a
thorough understanding of the extent and causes of price variability for

building work, very little is known or published about the subject.
The objectives of this chapter are:

1) to Introduce the concept of building prices and consider the levels of
price Information used by quantity surveyors and to examine the

relationship between price and cost;

2) to ascertain the extent of price variability exhibited by completed

buildings, trades and measured Items;

3) to determine whether a pattern of variability exists_between the trades.

2.1 Costs and Prices for Building Work.

The terms cost and price tend to be used interchangeably in the construétion
industry. The price is the sum asked by an organisation for goods and
services provided, whilst the cost is the direct cost to the organisation
incurred in the provision of those services. In Its simplest form, the price
is the sum asked whilst the cost is the sum pald by the purchaser of the
goods and services. Throughout this thesis we are primarily investigating
the price of buildings but are occasionally forced by common usage to use the

term ''"cost'', e.g. cost planning.
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Within the British construction industry the common language used to com-
municate price is the unit price rate related to a quantity of finished work.
In simple terms the price of any measured item is given by:

P = NR
where N is a number and R is a unit price rate.
The unit price rate is derived from an analysis of the task labour, material,
plant, supervision, making allowances for overheads and profit. The single
figure therefore embodies all the allowances subsumed by the contractor.
Figure 2.1 shows the factors the contractor will consider when building up
unit price rates. The contractor needs a cost feedback system to measure his
cost performance on projects. This feedback system should effectively monitor
the time required and the cost associated with all the tasks on a project at
the site activity level. In theory the feedback system provides cost and time
information for the contractor from which unit price rates can be estimated

for future projects.

Labour Materigl
@ 1. No. of manhours required ® 1. The amount of
for the task material required.
® 2. Price per manhour. @ 2. Allowance for waste.
3. Complexity of the task. 3. No. of nanhoursinvupnd
4. Repetition of the task in handling the materials
S- Uncaitiiiaby dnd ik ’ eg: unloading.
. Uncertainty and ris ; ;
associated vith the task., ® 4. Price of the material
delivered to site.
Plant, small tools
No. and time plant
is required.
Price of plant use
Efficiency of the
plant.
and preliminaries | and profit
1. Extent and time involved 1. Allowance on all unit
in supervision of the task. price rates.
@ (Overall project time)
8 _Cost feedback items

Fig 21 UNIT PRICE RATES & COST FEEDBACK
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The consultant quantity surveyor's main task s to predict at the design
stage the likely lowest bid price submitted by the contractor on a project.
The quantity surveyor does not have access to the contractor's cost feedback
information. He is, therefore, forced to place extensive reliability on unit

price rates from completed projects as the basis of price information usad

for prediction.

If we examine the levels of price information used by the quantity surveyor

in predicting prices during the design phase, we move from a single pricg

rate approach for the total building through the elemental component or
functional parts approach, to the detailed resource level of labour, material,
plant and supervision. Figure 2.2 shows the level of price information at
each of the design stages. The contractof's interest at the tender stage is
at level 5, whilst the quantity surveyor will rarely consider prices below
level 4, because he has information only about the current market unit price
rate for an item.

Leval 1

Inception and
outline proposal
stages

(Gress erea of

Single price rate for g iy

the total building

I Level 2
Scheme
design stage

{Area of
elemental
tategeries)

Internal
finishings

T L.

elemental categories )

Superstructure l

Level 3
Detail

[Frame] [Root]

design stage
Upper | Stairs l
floors
I {Area of finished Level &
work in place ) —
Concrete Formwork Reinforcement l_’rnduth_un
items items itams information
stage
Sequence of
activities
Complanity of - (R s .'-'_“!L.E.
the project { Labour | |Hnterlnls”Plant| Overheads | Resov Tender stage

Intarfersnce by

and profit

(Ties & (Area of work (Time &
Ssticout:foree srea of including area of  (Morket forces)
Hethed of work ) waste ) work )

tonstruchion

Fi

S OF
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Whilst the contractor uses unit price rates to communicate with the design
team, his system of monitoring cost is at the resource level. The process of
compiling unit price rates involves an analysis of what resources are

required and how the task will be undertaken.

To enable the contractor to understand and evaluate the sequence and inter-
action of.all the variables likely to affect performance, a method statement

and a pre-tender construction programme are prepared at the tender stage.

Figure 2.3 shows the relationship between the unit price rates and the con-

tractor's approach to costs.

The contractor's method statement shows how a proposed building should be
constructed, indicating the most suitable labour, plant and material
resources required, The pre-tender construction programme gives the

sequence of activities, the anticipated durations for the various activities
and the overall construction duration. The estimator incorporates the infor-
mation in the method statement and the pre-tender programme jnto the
measured unit price rates. Furthermore, the contractor's estimator will dis-
play the unit price rates in the most advantageous format for the contractor.
For example, the bill rates may be front loaded or rear loaded; the cost of
plant for khe project might all be included in the preliminaries trade
Instead of allocated to each item; the profit allowance could be included

in the unit price rates or allocated only to certain trades. The contractor

will also introduce a subjective evaluation of risk, i.e. the probability of

completing a task within a defined time and price constraint.

The contractor must allow in his evaluation of risk for any Interruptlion in
the construction programme caused by rainfall, low alr temperature, snow,

fog, wind, etc. Consideration must be given not only to the extreme values
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of temperature, humidity and wind speed, but also to their freguency,

duration, co-incidence and the order of diurnal variations.

Risk is difficult to quantify with building work because it involves a
bewildering variety of conditions, with work being undertaken by operatives

with varying degrees of competence and speed of working.

Another aspect which is taken into account is the way market forces influence
the contractor's evaluation of an acceptable profit margin. Every project
exists in a construction market place, that is, there is a definite supply
of resources available to meet the demand placed by the éroject and by all

others underway at the same time.

Professional consultants often have very little feel for the market in which
they will place their product. The assumption is that the market place will
quickly, easlly and Inexpensively provide all of the resources needed to
build at the precise time and in the location they are needed.

.
Just as the consultant quantity surveyor does not have access to the con-
tractor's feedback system, he also does not have access to the contractor's
method statement, pre-tender programme or an indication of the contractor's
profit margin. Therefore, he must rely on adjusted historical unit price
rates as the basis for prediction. The sample of prices avallable to him may
be large, and may provide insight Into the range of prices likely to be
encountered on any scheme. Nevertheless, there is an information barrier
between the contractor and the consultant quantity surveyor as shown in

Figure 2.3,

Attempts have been made to bridge the Information barrier by the introduction

of a bill of quantities in an operational format (Skoyles (1964)). The
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object was to give contractors the opportunity of providing prices at the

resource and operational level based upon the sequence of work.

The experiments met with limited success, primarily because of the long stand-
ing attachment, by the industry, to the concept of the unit price rate.
Further research work on the activity bill, which represented a shorter step

forward, has also had very little impact on the industry.

The discussion above indicates that while the contractor has more information
available to him at the tender stage, he also has a large number of imponder=
ables - hence the need for a reliable cost feedback systém to show levels of
performance on completed projects. However, various authors (e.g. Miller
(1969), Blain (1974), Roderick (1977)) have shown the inadequacy of the

methods of cost feedback used by contractors.

Generally the problem seems to be that the collection of cost information is
made difficult by the fact that the activities which form the contractor's
costing system do not relate directly to the measured work terms in a bill of

quantities.

A further difficulty arises from the trend towards greater specialisation.
This has meant that contractors rely more heavily upon specialist sub-
contractors who submit prices to the contractor in one or other of various
standard forms, so that the contractor cannot tender on the basis of an over-
all price breakdown but rather on the basis of a series of "lump sum' charges

from the sub-contractors.

2.2 The Extent of the Variablility of Building Prices.

Building is a custom industry where the products are tailored to sult the

needs of a specific owner. Prices submitted by contractors, even for
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identical buildings,can be expected to vary for a variety of reasons. There
is no one price for a given building, but rather several prices according to

a range of circumstances,

Beeston (1975) described a price for the same item as existing in a large
imaginary family of prices. The prices in the family have a wide range of
values, any one of which could occur. He stated "If there is a 'right' price
it is some sort of average of all the possible prices in the family, but if
we have only one price we do not know where it stands in relation to the
average''. |f more than one price in the family is known, the averave of the

known prices is an estimate of the average of the whole family.

One of the shortcomings of the quantity surveyors' techniques in collecting
and analysing price data is the lack of a suitable system of identifying the
significant factors that influence families of prices. For example, the
BCIS Standard Form of Cost Analysis uses the CI/SfB building classification
system Table 0 for building types. The building function is a method of
identification; what is subsumed within the identification and the price is

the complexity and the time taken to construct the project.

The question to be considered is: what is the extent of price variability

when many prices are obtalined for the same item description?

The first test was an examination of the price per square metre of the gross
floor area of 184 projects taken from the BCIS published and unpublished
records. All the buildings were constructed between January 1974 and
September 1977. The sample contained offices, flats, housing, factories and
warehouses, all of varying construction type and size. The prices were re-
based to the first quarter 1974 using the BCIS tender price Index. No

adjustment was made for the impact of geographical location on the prices.
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No external works items were included in the prices because thig would have

d!sforted the results.

Firstly, prices were grouped by functional building types. We attempted to
reduce the range of prices for each sample by improving the homogeneity of

the sample.

The term homogeneity is used in the thesis to mean similarity. All buildings
are both homogeneous and heterogeneous to varying degrees. For instance
price data relating only to office buildings may be said to be homogeneous.
The offices may be further divided into high, medium and low rise structures
and the price data within each group can be expected to be even more homogen=-
eous., Each category may be further sub-divided according to construction
type. With this and each subsequent division a greater degree of homogeneity

may be expected.

Skewness is tﬁe degree of asymmetry, or departure from symmetry, of a distri-
bution. When a series of values is limited at one end the distribution is
bound to be more or less asymmetrical. A logical analysis would confirm that
prices are distributed with a skew to the right because price data are
limited at the zero end. |f an elemental category has an expected value of
£10,000, it is more likely to over-run by £10,000 or be priced at £20,000,

than it is to under-run by £10,000 and be priced at zero.

Figure 2.4 shows the histograms for the prices per square.metre for housing,
flats and offices. The spread of prices for the housing and flats samples

are very similar, apart from one expensive project in the flats sample. One
of the main reasons for the different spread between housing and flats, and
offices is that 92% of the housing and flats projects were built for public
sector clients who were constrained to build within the housing cost yardstick

cost limits.
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The office buildings sample contains both public and private segtor develop-
ments. The building types vary from speculative low quality offices to high
qual ity owner occupied offices. The very nature of this heterogeneous sample

for offices means that a very wide spread of prices must be expected.

Figure 2.5 shows the histograms for factory and warehouse units. We sub-
divided the sample into families. The objective was to test what impact the

functional type had upon price variability. The groups selected were:

a) private speculative;
b) owner occupied light manufacturing and storage;
c) owner occupied heavy manufacturing and mechanised storage.

Our analysis shows that the price data for factories and warehouses are a
number of families with specific characteristics. The sample for owner
occupied factories exhibits significantly wider price variation than the
private speculative factories sample. We would expect this situation to
exist, because the private speculator will be constrained by the maximum
potential rental income from the development. The owner occupier on the
other hand, will generally demand a custom designed building to meet his
production requirements. In most instances this can also be expected to be

of a higher quality standard than the speculative factory building.

Tables 2A and 2B show an analysis of the price per square metre of all the
sample projects. The prices have been analysed by functional type using the
arithmetic mean, the median and the mode of the sample. A truncated arith-
metic mean has been calculated by rejecting the highest and lowest observa=-
tions in each sample and obtaining the mean of the remainder, because it was
noted that in certain of the samples there were extreme observations which
tended to distort the mean. The measure of variability which is o% most value
statistically, is the coef#lcient of variation. This is the standard
deviation (root-mean-square of deviations from the arithmetic mean) expressed

as a percentage of the mean.
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TABLE 2A ANALYSIS OF PRICE PEK SLUARE MFTPY SASPLL PROJTGTS
- i in ;1_i_' 3 1 ha: imum [~ _T 1ted - “Teo-ertict L
" T w, i nabeun ar imum T Ficate Co-eimitien
{‘!I-“JEL" SANp e price prioe Ar. "h 'E_":_L_: Aarivhee iy Med"an Mode 316??”.“ of variation
ype (Total=184) rate rate el LALC ean evi~Lion o
1
SR, i L s AR
Hous i ng 31 45,96 l 152.50 85.0% 84,06 85,87 70.35 24.99 23,28
—— i it T L.
Flats 55 49.76 237.99 91.73 24,76 B5.37 81,82 27.76 3G.26
ufilces Ly 66.56 300.93 166.38 165.62 164 .24 113.33 58.70 35.28
Frotories
and ware= 49 25.81 210.49 83.34% 81.87 65.3i 53.33 48.20 57.83
I houses i
I e
Al prices based to first quarter 1¢74,
All figures relate to L/mz of the gross superficial floor area.
TABLE 2B : ANALYSIS OF PRICC PER SQu.RE MCTRE GF FACTORIES AND WAREHOUSES.
; Na. | Mini Max| Truncated Co-efficient
. o, In nimum ximum ru e Lo- <
P;?jECt sample price price Arlthmetiz arithmetic Medlan Mode 3;3?::?2n of variation
/ne (Total= 49) rate rate fean e mean %
Private
sfecula- 16 25 01 66.88 47.04 47.19 46.55 36.25 13.64 29.00
tic
Owner
occupation
- Light 22 29.05 170.56 74.01 71.44 71.712 15.25 30.38 41.05
Manufact
uring
Owner
occupation
= Heavy 1 | 85.69 210.49 154.67 156.16 1h7.26 145,00 2.2 20.32
Manufact-
uring
All prices based to first quarter 1374,
All figures relate to £/m2 of the gross superficlal floor area.
TABLE 2C : ANALYSIS OF PRIiCE PER SQUARE METRE FOR OFFICE BUILDINGS BY PROJECT VALUE.
: No. of projects Meen project Mean prfce'per Correlation
Praject Cost (Total = 42) size square metre | Co-efflcient (1)
(1) Up to £100,000 158 £49,647 £152.65 .02
(1) Over £100,000 but not exceeding
£500,000 19 £206,024 £164.08 Bl
(1t1)  Over £500,000 but not exceeding
£1,000,000 " £633,201 £154.25 .36
(iv)  Over £1,000,000 4 £1,872,756 £177.24 .59

1) All correlation co-efflclents produced in the thesis are Pearson product - moment correlation co-efficlents.
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By analysing the relationship of the mean, median and modal values in
Table 2B, the degree of skewness of the frequency curves can be identified.

The offices sample is positively skewed to a marked extent.

The coefficient of variation for the factories and warehouses of 57.83% is
the highest of the four groups of buildings. Table 2B shows the breakdown
of the factories and warehouses by function type. The coefficient of varia-
tion has been substantially reduced for the private speculative and owner
occupied heavy manufacturing units; this is a result of the identification
of types of family in the sample. A feature of Table 2B is the difference
in the mean price rates for the three types of factory and warehouse units.
The mean price per square metre for owner occupied heavy manufacturing

buildings is over twice the price of the light manufacturing factories.,

These data would appear to support the view that unit price rates of completed
buildings are significantly affected by the homogeneity of the sample. To
examine this further we selected 51 factory and warehouse projects completed
by two major property development companies specialising in speculative
Industrial developments. The project prices were rebased to the first quarter
1974 using the BCIS tender price index. The mean construction price was
£57.10 with a coefficient of varlation of 15%. The build}ngs were constructed
to a basic standard design using a standard specification with very few
modifications for each project. These results suggest that by increasing the
homogeneity of the sample, as in this case by using a standard design, the
spread of the prices will be smaller and so lead to greater reliability when

using the prices as the basis for future estimates.

Returning to our original data, the offices sample was tested to consider the
effect on the price per square metre of the overall project value. The pro-

ject prices were divided by value into four categories, which were established

L ]
\



_19_
from observation of the data. Table 2C shows the results of the analysis.
The correlation coefficient between the total project price and the price

per square-metre is not statistically significant.

This analysis supports the vlew‘that the contract value is not one of the
selection criteria that should be used to improve the homogeneity of a sample.
Bowley and Corlett (1970) and Beeston (1975) have stated that the contract
value is one of the causes of price variability of complete buildings. We
disagree with this viewpoint because the contract value embodies quantity,
quality, technical complexity, and time required to undertake the project.
Whilst we recognise that an increase in quantity of an item may lead to
benefits of economies of scale, this ignores the complexity and time taken

to undertake the work. This hypothesis is developed further in Chapter 5 of

the thesis.

The conclusion to be drawn from the analysis of prices of completed buildings
is that when only the functional type is considered,the price variability is
very wide. When the homogeneity is improved, i.e. within the identification

of families, it is possible to achieve a reduction in the spread of the prices.

Two questions arise from this: firstly, which major factors should be con-
sidered in improving the homogeneity of the sample, and secondly, what the
size of the sample should be when using historical prices as the basis for
future estimates? The thesis will consider these questions in more detall.
An interesting feature is that the selection criteria currently used by
quantity surveyors always relate homogeneity to an aspect of the finished
building. Homogenelty Is not considered in terms of the number of weeks

required for construction nor to a particular construction technique.
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The question of the saﬁple size has no perfect solution. Beeston (1975)
suggests that great improvement in reliability can be obtained if historical
price data are drawn from several buildings rather than one, even if this
means sacrificing comparability. We support this viewpoint with the proviso
that emphasis must be placed on the extent of the reduction in homogeneity.
The analysis in Table 2B showed the price distortion that could take place
if owner qccupied light and heavy manufacturing buildings were combined as

owner occupied manufacturing buildings.

One further point is on the use of the arithmetic mean value of a sample as

a basis for future prices. The mean is a measure of centrality which is
affected by extreme values and may not adequately characterise the frequency
distribution of the prices. As Figures 2.4 and 2.5 illustrated, construct-
ion prices are skewed to the right, and therefore an alternative measure of
central location, the median, might be more suitable, as it is less affected
by extreme values. However, quantity surveyors should not just be Interested
only in a measure éf-central tendency. The coefficient of variation should
be calculated to show the dispersion of the prices in the family.

v

2.3 The Variability of Contractor's Prices contained in Bllls of Quantities

Barnes and Thompson (1971) found that with prices in civil engineering bills
of quantities, the range of variation of individual unit price rates was
between five and ten times that of tender totals. We could find no available

evidence to support this argument in the prices for building work.

We anal