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CHAPTER 1

INTRODUCTION

1.1 OBJECTIVE OF THE RESEARCH:

The objective of this research is to develop a specialized construction
price index that reflects the change in the price of school buildings in Saudi
Arabia. This research is part of a larger project sponsored by King Abdul-
Aziz City for Science and Technology (KACST) to serve government and
private agencies that are interested in the development of construction

cost indexes in Saudi Arabia (Assaf, Almohawis, Shash and Salameh,
1992).

1.2 NEED FOR RESEARCH:

The Ministry of Education (MOE) in Saudi Arabia is the governmental
agency responsible for building public schools for boys. Every year,
millions of Saudi Riyals (SR) are spent on the construction of public
schools to meet the increasing number of students in different regions of
the country, for example in 1993 the budget for building schools was SR.
502,000,000. More than 3500 educational buildings were built by the MOE
up to 1993 at a cost of 21 billions of Saudi Riyals ( MOE,1993 ). A price
index for these buildings is needed to show the movement of their price
over time. The School Projects Price Index (SPPI ) can be part of

generalized cost indexes for construction in Saudi Arabia. Also, it can be



utilized to meet MOE needs such as project budgeting, adjusting contract

prices, general forecasting, etc.(Assaf, Almohawis, Shash and Salameh,
1992 ).

1.3 SCOPE OF THE RESEARCH:

This study will only be concerned with public boys schools which are
built for the MOE in Saudi Arabia. Elementary, intermediate and
secondary school projects will be considered in this study. The geographic
coverage will be limited to three main educational areas in Saudi Arabia,
namely: Riyadh, Jeddah, and Eastern Province!l. These restrictions are due
to the time required to collect the needed data. Furthermore, the MOE is
selected because it spends more than half of the public funds allocated to
the construction of the primary education schools. However, this study can
be generalized to the other educational areas because constructed school

projects are generally similar throughout the country ( MOE, 1993).

1 According to the MOE definitions for the educational areas "Eastern Province means

Dammam area only which includes the major cities such as Dammam, Dhahran, Al-
Khobar, etc.”



CHAPTER 2

REVIEW OF RELATED LITERATURE

2.1 DEFINING AN INDEX NUMBER:

An index number measures how much a variable changes over time.
An index number can be calculated by dividing the ratio of the current
value to a base value. Then, the resulting number is multiplied by 100 to
express the index as a percentage. This final value is the percentage

relative. The index number for the base year is always 100 (Levin, 1987).

Fisher stated that "An index number measures the magnitude of a
variable relative to a value of that variable in a selected base year"
(Fisher,1967). Also, an index number is a relative which expresses the
relationship between two figures, where one of the figures is used as a
base year (Fisher, 1967). Both of the two definitions above have been
expressed in terms of time, but an index number can be used to make

comparisons between places (Fisher, 1967).

2.2 GENERAL ISSUES OF INDEX NUMBER CONSTRUCTION :

When constructing an index number, several issues should be considered

such as:
1) The purpose of the index .

2) The selection of items to be included .



3) The selection of number of items to be included .
4) The choice of a base period .

5) The choice of weights .

6) Mathematical formulas of indexation .

2.2.1 The Purpose of the Index :

The purpose of the index must be carefully considered because it will
affect decisions relating to the selection of the items, the choice of the base
year and the choice of weights. Furthermore, the interpretation of the
index will also depend on its purpose. For example, an index constructed
to measure change in building cost must not be used for re-valuing the
commercial value of a building, since such an index would not take into
account changes such as the value of land on which such buildings are
situated (Fleming and Tysoe,1991; Tysoe, 1981). In this research the main
purpose of the index is to measure the movement of construction prices of
schools in Saudi Arabia.

2.2.2 The Selection of Items to be Included:

The most difficult problem of all in constructing an index is the
selection of items to be included. In order to have an index with high
accuracy of measuring the general movement of costs, it is required
theoreticaily to include all the items. In reality, it is very difficult to

include all items. Therefore, the selection of representative and most



important items should be satisfactory ( Fushi, 1978 ). The selection of
items can be achieved correctly if the purpose of the index has been defined
carefully (Tysoe, 1981).

2.2.3 The Selection of Number of Items to be Included:

In order to have an index with high accuracy of measuring the general
movement of prices, it is required to include all the commodities but this is
not practical (Fushi, 1978). An index number should consist of 20 to 50
items. After 50, the improvement obtained from increasing the number

of items decreases andis questionable ( Fisher, 1967).
2.2.4 The Choice of the Base Period:

The base period is a period of time against which all other periods are
compared. The level of costs or prices in the base period is considered as
100. For periods other than the base period, the level of cost or prices is
stated as a percentage of the base period level. Any time interval such as a
month, year or years can be chosen as a period (Hamburg, 1987). There
. are three points that should be considered when choosing the base period.
First, periods at which there were troughs or peaks of price fluctuation
should not be selected as a base period. Another point is that the base
period should not be too far from the present. Thirdly, it is advisable to
use the same base period as other indexes if there are such indexes, because
this will help later in comparing of the results of such indexes ( Hamburg,
1987 ,Tysoe, 1981).



2.2.5 The Choice of Weights:

Since items are not equal in importance, weights should be used to give
each item its proper weight in the index number calculation. There are
three choices of weights to be used such as base period weights, current

period weights and fixed period weights.
a) Base Period Weights:

Base period weights are the quantities of base period items and will
be fixed for all periods. Therefore in this method, the choice of weights
will be done for each item once and this for the base period only.
This will reduce the calculation and facilitate the construction of the
index ( Hamburg,1987 ). Also, it allows the possibility of showing year to
year comparisons relative to the base year (Blackwell, 1979). After some
time, this method becomes unrealistic because consumption changes from

one period to the other. This method is known as the Laspeyres method
(Hamburg, 1987).

b) Current Period Weights:

Another method of choosing weights is the use of weights for the
current year instead of the base year. This method will give a good realistic
set of weights from the economic view point. However, it will not allow
for unequivocal interpretation of year-to-year price change i.e. the change
could be done to price, quantities, or both. Another disadvantage of this

method is that it is necessary to reselect the weights for each period and




this is difficult in practice. Because of these disadvantages, this method is
rarely used. This method is known as the Paasche method (Hamburg,1987 ).

¢) Fixed Period Weights:

This method is a partial combination of the base period weights and the
current period weights. However, instead of using base period or current
period weights, weights from a representative period are used. If the
representative period is the base period itself, then this method becomes the
same as the base period weights method. The main advantage of this

method is its flexibility in selecting the base price and the fixed weight.
2.2.6 Mathematical Formulas of Indexation:

Indexes can be divided into two categories, namely : the aggregative
method and the average of relatives ( Levin, 1987).

2.2.6.1 Aggregative Methods:

Aggregative methods carn be divided into two types which are the

unweighted aggregates index and the weighted aggregates index. Aggregate
means that all values or quantities are added or summed.

a) Unweighted Aggregate Index :

Unweighted means all items will have equal importance during the
calculation of the index. The index in this method is calculated by adding
all prices in the given period and then dividing the result by the sum of the



prices of the same items for the base period. The mathematical formula for

calculating the unweighted aggregates price index is :

. . 2Py .
= . , 1987
Unweighted Aggregate Price Index DA 100 (Eq.1) (Levin, 1987)
where :

P, = price of each item in the composite for current year
P, = price of each item in the composite for base year

The main advantage of this method is its simplicity in calculation. This
method has the principal disadvantage of not giving greater importance or

weight to the price change of a high-use item than it does to a low-use item
( Levin, 1987 ).

b) Weighted Aggregates Index :

Weighted means items will have different levels of importance during
the calculation of the index. There are three methods of weighting of an
index. The first uses the quantities consumed during the base period in
calculating each index. This method is known as the Laspeyres method. The
second involves using quantities consumed during the period in question
for each index number. This method is known as the Paasche method. The
third is known as the fixed weight aggregates method. In this method,
quantities consumed during one period are chosen and then used to
calculate each index (Levin, 1987).




1) Laspeyres Method:

The mathematical formula for calculating the Laspeyres index is :

Laspeyres Index = ZI;L & x 100 (Bq.2) (Levin, 1987)

where:
P, = prices in the base year
P = prices in the current year

Qo = quantities in the base year
2) Paasche Method:

The mathematical formula for calculating the Paasche index is:

Paasche Index = _Z____ZPI Qi 100 (Bq.3) (Levin, 1987)
Po Q1

where :
Po = base period prices
P1 = current period prices

Q1 = current period quantities




3) Fixed Weight Aggregates Method:

The mathematical formula for calculating the fixed weight aggregates

price index is:

Fixed Weight Agsregate Price Index = %‘;%% x 100 (Bq.4) (Levin, 1987)

where :
Po = base period prices
P1 = current period prices
Qo = fixed quantities
2.2.6.2 Average of Relatives Methods :

Average of relatives methods can be divided into two types which are

the unweighted average of relatives index and the weighted average of

relatives index.
a) Unweighted Average of Relatives Method:

Unweighted means all items will have equal importance during the
calculation of the index. The index in this method is calculated by adding
the price relatives and dividing the total by the number of items. The

mathematical formula for calculating the unweighted average of relatives

index is:

10




(XPy/P, ;)1) x 100 (Eq. 5) (Levin, 1987)

Unweighted Average of relatives Index =

where :
Po = base period prices
P;= current period prices
n = number of items in the composite
b) Weighted Average of Relatives Methods:

Weighted means items will have different relative importance during
the calculation of the index. Methods of weighting are the same as those
discussed in section 2.2.6.1(b) . The mathematical formula for calculating

the weighted average of relatives index is:

Weighted Average of Relatives 3 [ ((P1/Po)x 100) (W) ]
Price Index (general form) = (Eq. 6) (Levin, 1987)

> W

where :
P, = prices in the base period
P; = prices in the current period

W = the weight of an index item

Finally, figure 2.1 depicts the basic choices of mathematical formulas to

be used in constructing an index.
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2.3 CONSTRUCTION INDEXES IN GENERAL :

In this research, the indexes of the American and British construction

industries are listed as follows :
2.3.1 Construction Cost Indexes in the USA:

The literature shows that there are more than 14 different construction
indexes used in the USA ( Shing, 1985 ) :

1. The Construction Cost Index .

2. The Building Cost Index .

3. The Federal Highway Administration Bid Price Index .

4. The Boeckh Building Cost Number .

5. The Relative Cost of Pipeline Construction for the United States.
6. The Chemical Engineering Plant Cost Index .

7. Nelson Refinery Construction Cost Index (Nelson Index).

8. The Lee Saylor Index.

9. The Bureau of Reclamation Cost Index .

10. The Factory Mutual Building Cost Index.

11. The Austin Building Cost Index .

13




12. The Tumner Building Cost Index .

13. The Marshal Valuation Service (MVS) Index .
14. The Means Construction Cost Index .

15. The Civil Works Construction Cost Index .

A full description of these indexes can be found in Shing (1985).
However, since the construction indexes of buildings are related to school

buildings, they are reviewed in the next section.

2.3.1.1 Construction Indexes Related to School Buildings in the USA:
a) Building Cost Index (BCI):

The building cost index was introduced by the Engineering News-
Record in 1938 to measure the effects of skilled labor costs on the material
cost. The BCI is an improved index of the Construction Cost Index (CCI).
Both the CCI and BCI are weighted aggregate indexes for constant
quantities of structural steel, Portland cement, lumber and labor. The CCI
acccunts common labor wages for its labor component, but the BCI
accounts an average of carpenter, bricklayer and structural ironworker
wages for its labor component. The BCI is composed of two major parts,
namely: the Material Cost Components Index (MCC) and the Skilled Labor
Index (SLI). The MCC is constructed using the prices of structural steel,
Portland cement and labor. The SLI is constructed using the average of

carpenter, bricklayer and structural ironworker wages. The MCC and SLI

14




are combined to produce the BCIL. The base year of the BCI is 1967 for
each city and 1913 for national average. The BCI does not make
adjustments for productivity, managerial efficiency, competitive
conditions, contractor overhead and profit, design changes and cther
intangibles (Shing 1985).

b) Boeckh Building Cost Index Numbers:

The Boeckh Building Cost Index is calculated from the base year of the
United States Average Prices 1926-1929 = 100. The E.H. Boechk Co.
calculates residential building cost percentage using a continuous three-

phase process:

1. Labor rates and material prices are monitored throughout the USA

and Canadian cities.

2. Weighting schedules, which are formulas specifying the percentage
of each labor and material cost in relation to the total building cost,
are established and modified as trends dictate.

3. The results of phase 1 and phase 2 are combined by computer,
producing building cost percentage change reports.

In phase one, the data collection involves three categories: local labor
rate, local material costs and national material costs. Labor rates are the
prevailing wages paid in a particular city, and include fringe benefits,
applicable state and local taxes, workmen’s compensation, unemployment

compensation, contractor’s liability insurance and social security. This data

15




is collected from building trade councils, associated general contractors,
local unions and contractors and state and local government agencies. Local
material costs are checked in the same manner as the local labor rates.
These costs are collected for material such as brick, concrete block, ready-
mix concrete, lumber and steel. This data is collected from local suppliers
in the specific locations. National material costs are priced in the same
manner for plumbing fixtures, piping and wiring which are distributed

nationwide by supply centers.

¢) Lee Saylor Index:

The Lee Saylor Index (LSI) is an unweighted index and its base year is
1967. The price indexes are compiled from a large number of projects,
interviews with material suppliers and subcontractors and from sources
worked out with general contractors for labor items. The data of the LSI is
not only from actual project costs, but also from opinions rendered to Lee

Saylor's incorporation. The LSI indexes are based on the sixteen division

format of the Construction Specification Institute (CSI). However, there is

some deviation from the CSI standard format as follows:

1. Where the standard format causes a split between disciplines

involved in a single trade.

2. Where more separations are needed than allowed for in the CSI

standard format.

16




3. 'Where divisions under the CSI standard format do not fit a logical

trade pattern or flow of materials.

4. 'Where the trades are so broken down that the sections become too
small to conveniently handle in LSI, items are sometimes

combined into the same section. The LSI consists of two major

parts, namely: the material/labor cost index and the subcontractor index.
The components of the material/labor cost index are 23 selected materials

and 9 selected trades. The components of the subcontractor cost index are

21 in-place cost items.
d) Means Construction Cost Index:

The Means Construction Cost Index represents relative costs for
material , labor and equipment, as well in-place cost. The base year used
for this index is 1975. This index is based on the Construction Specification
Institute’s 16 major divisions. Each division has certain weight in the

index. These weights are the following:

Division1  Contractor’s equipment 6.2 %
Division2  Site work ' 54 %
Division3  Concrete 194 %
Division4  Masonry 10.1 %
Division 5  Metals 6.2 %
Division6  Wood and Plastic 19 %
Division 7  Moisture Protection 43 %

17




Division8 Doors, Windows and Glass 55 %

Division 9  Finishes 10.1 %
Division 10 Specialties etc. 79 %

to Division 14
Division 15 Mechanical 19.5 %
Division 16 Electrical 9.7 %

2.3.2 Construction Cost Indexes in The UK:

There are three main kinds of indexes in construction in the United

Kingdom. These kinds of indexes are as follows:
a. Building Cost Indexes
b. Tender Price Indexes
c. Output Price Indexes

A description of the various indexes in the above three categories can
be found in Fleming and Tysoe (1991) and in Tysoe (1981). However,

these indexes will be reviewed briefly in this research.

2.3.2.1 Construction Indexes Related to School Buildings in the UK:

a) Building Cost Indexes:

Cost indexes in the U.K. represent the change in building costs that are
actually incurred by the contractor or the builder in the course of his

business such as wages, materials prices, plant cost, rates, rents, overheads

18




and taxes etc., but excludes profits and market considerations. The
discussion of the cost indices will not be expanded because only the price

indexes are being considered in this research.
b) Tender Price Indexes

Tender price indexes represent the movement of costs that a client must
pay for a building. The data for these indexes are collected from Bills of
Quantities. These indexes are related to the price index which will be
developed in this research. Therefore, the tender price indexes that are

related to school buildings or similar buildings will be reviewed.
1. DOE DQSS Public Sector Building Tender Prices Index:

This index is developed by the Department of the Environment (DOE)
and the Directorate of Quantity Surveying Services (DQSS). It measures
the level of prices in accepted tenders for new building works in the
public sector when compared with standard base prices. The data for this
index are based on bills of quantities for projects such as schools, hospitals,
social service buildings and police buildings. The index is prepared from
price levels established for each accepted tender by comparing prices of
items to a total of 25% for each trade or section of the bill of quantities
with standard base prices; the information is combined by applying weights
representing the proportion of the total of the bill of quantities represented
by each trade or section. Preliminaries and other general charges are

spread proportionately over each item of the bill of quantities.
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2. BCIS Tender Price Index:

This index measures the trend of tender prices for new building work
in the United Kingdom. The index is compiled by comparing rates from
accepted tenders over the country as a whole with a base schedule. A
random sample of priced bills of quantities for new work in both the public
and private sectors is collected and analyzed. Eighty projects per quarter
are required for a statistically reliable index. If the number in the sample

falls below 80 the reliability of the index is reduced.
3. DOE Price Index of Public Sector Housing:

The price index of public sector house building is prepared by the
DOE. This index provides a measure of the change of tender prices for the
construction of public sector housing in England and Wales. The price data
used are extracted from the bills of quantities of successful tenders for

dwellings in blocks of up to four stories built by traditional methods.

The price changes are measured from the prices of 23 items which
occur in most such bills of quantities. Each item is selected to represent all
the work in a particular trade section, so that price movements of the
other work in a trade section are assumed to be broadly similar to those of
the representative item. The index is compiled as a Laspeyres price index,
in which a weighted arithmetic average of relatives for each item in the
current quarter, relative to the base year, is produced for each region.

Items together with their weights are listed in Table 2.1.
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Table 2.1 Items Used in DOE Price Index of Public Sector Housing Buildings and
Their Weights (Fleming and Tysoe, 1991; Tysoe 1981)

# Items Weights | # Items Weights
Used Used

1 | Excavation and hard-core 25 13 Copper plumbing 25
2 | Concrete work 7.5 14 Hot and cold water tanks 1

3 | Brickwork-general 12.5 15 Sanitary fittings 35
4 | Brickwork -facing 7 16 Central heating 7.5
5 | Partitions 25 17 Electrical installation 4

6 | Roof tiling 45 138 Plastering walls 7

7 | Carpentry 7.5 19 Ground floor covering 25
8 | First floor boarding 2 20 Plastering ceilings 25
9 | Manufacture joinery doors 6.5 21 Glazing 1

10| Windows 4 22 ‘Wall and ceiling paint 2

11| General joinery 5 23 Oil painting 3.5

12| Soil and vent piping 1.5

21




4. Scottish Office Housing Tender Price Index:

This index is compiled by the Scottish Office Building Directorate. It
measures the movement of prices in competitive tenders for one-to four-
storey public sector housing throughout Scotland. Its main use is in
updating tenders or producing an estimate of current tender prices on the

basis of historic cost information for housing in Scotland.

c) Output Price Indexes:

Output price indexes are derived from tender pricé indexes and are used
as defoliators to convert contractors' output of new construction work
from current prices to constant prices. The output price indexes are
developed by the Department of Environment (DOE). These indexes
consist of six building indexes, namely: Public Housing, Private Housing,
Public Works, Private Industrial, Private Commercial and New
Construction.

2.3.3 Indexes in Saudi Arabia:

The literature does not show that there is any construction index in
Saudi Arabia. However, there are some indexes published by the Ministry
of Finance and National Economy (MFNE). There are two indexes namely:
Cost of Living Index (CLI) and Wholesale Price Index (WPI). The CLI
consists of three main indexes namely: the Retail Import Price Index
(RIPI), the Middle—Income Index (MII) and All Cities Index (ACI). The
CLI is published monthly. The WPI is published on a quarterly basis. The
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CLI and WPI are calculated with the use of fixed weights and Laspeyres
formula. The base year of both the CLI and WPI is 1988. The historical

cost of living index for the all cities is shown in Table 2.2.

Table 2.2: Historical Cost of Living Index for all Cities Index
(MFNE, June 1995)

Year General Index Year General Index
1979 100.4 1987 99.1

1980 104.8 1988 100.0

1981 107.7 1989 _ 101.0

1982 108.8 1990 103.1

1983 109.0 1991 107.8
1984 107.3 1992 107.4
1985 104.0 1993 108.3

1986 100.7 1994. 109.0

24 ISSUES TO BE CONSIDERED IN DEVELOPING A
- CONSTRUCTION PRICE INDEX:

Many construction cost/price indexes have been developed in the UK

and the USA. This large number of indexes is due to several factors, such

as:

* The diversity of construction work, which means that different

types of work need different indexes.
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e The different purposes of indexes, such as updating tender

forecasting, or others which also may need different indexes.

o The measurement difficulties in construction: because of the non-

standard product, identical projects are rare.
» Different indexes for different periods of time.

e The difference in prices and methods due to geographical

differences (Fleming and Tysoe, 1991).

Therefore, these factors need to be studied when developing a new

construction index for a specific purpose.
2.4.1 Types of Construction Indexes:

There are two main types of construction indexes, namely: the input
indexes and the output indexes. The input indexes are known as cost
indexes. These indexes measure the price change of construction items,
such as material, labor and equipment, which represent the cost incurred
by the contractor. This does not include profits and market considerations.
The output indexes are known as price indexes. These indexes measure the
price change of construction items, such as material, labor and equipment,
which represent the price a client must pay for a building. These indexes

include the profits and market considerations. (Fleming and Tysoe, 1991,
Gallo, 1979).
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2.4.2 Problems of Measurement:

There are many factors which affect measurement of indexes in the
construction industry. The main factor is the diversity of construction
work. This includes the construction of a wide variety of building types,
sizes, design, specifications, complexity and method of construction etc.
Even similar jobs vary due to differences in site conditions, with a
consequential influence upon costs of construction. Therefore, each
construc;tion job tends to be unique. Thus, from the point of view of
measuring changes in costs over time there is no single standard of
comparison, Another factor is that construction p_rojécts often take a
considerable period of time from start to finish. The costs may be
measured at different stages of the process, such as work to be carried out,
work being executed, or work that has been completed. The measurements
which relate to these three stages are expected to be different and likewise

the rate of change over time may not be the same (Fleming and Tysoe,
1991).

2.4.3 Methods of Measurement:

There are two approaches to the problem of devising an index of
construction costs or prices. The first one is to use price data for actual

contracts. The other approach is to use information about changes in

factor costs.
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a) Use of Actual Price Data:

The use of actual price data is divided into two types, namely: total

prices, and unit rates and repricing of tenders.

1) Total Prices:

This method will be discussed briefly because it is not in current use.
The main problem in this method is that there is no standard product so
that it is difficult to make comparisons between building prices. This
problem can be solved by inviting tenders periodically for a building of
standard design and specification, but without intending to erect the
building. This method should take into consideration the changes in
standards that take place over time. There is also the more serious
problem that, since the builders tendering would have no prospect of
gaining a contract, there could be no assurance that the prices were
reasonable reflections of current cost levels and the tendering climate
(Fleming and Tysoe, 1991).

2) Unit Rates and the Repricing of Tenders:

This method involves collecting data about the unit rates for particular
categories of work used in building up the total contract price. These are
available from the priced bills of quantities of accepted tenders. However,
this method needs access to a representative selection of bills, and what is
more, a reasonably large number of them. This is because the rates given

by different contractors vary considerably not only due to the efficiency
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differences in the labors, materials and plant cost used by the estimator but
because of the differences in practice adopted by each contractor to arrive
at the total price of a contract. There are two ways tc apply this method in
practice. The first is to measure the percentage change in the rates quoted
in current tenders compared with base-period tenders and to take an
appropriately weighted average of these%. The other way is to use the rates
to re-price tenders. There are two approaches for applying the second
method. One is to use standard rates from a base period to re-price current
bills. The other one is to use current rates to re-price a standard bill
(Fleming and Tysoe, 1991).

b) Use of Factor Cost Data:

The use of factor cost data is divided into three types, namely: the
weighted average of factor cost indexes, the repricing aggregate factor

costs and the use of published unit (Measured) rates.
1) Weighted Averages of Factor Cost Indices:

This method consists of taking a weighted average of indexes
measuring changes in the costs of labor, material and equipment. Labor
costs may be measured by reference to wage rates, possibly with the
addition of allowances for labor, such as payments for insurance, training
levies, traveling time, payroll taxes, etc. The use of wage rates to measure
labor costs will not reflect the payment of rates in excess of the basic

-

negotiated rates, nor payments for overtime, bonuses...etc. (Fleming and
Tysoe, 1991).
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2) Repricing Aggregate Factor Costs:

In brief, this method consists of taking aggregate information about the
cost of factor inputs and deflating it to base year price levels through the
use of appropriate factor cost indexes. The sum of factor costs at current
rates is compared with base-period prices to yield an index of the change in

output prices (Fleming and Tysoe, 1991).
3) Use of Published Unit Rates:

In this method, the rates used are those published in builders' price
books or trade journals. These rates represent the going rates for carrying
out specific items of building work. They facilitate the maintenance of a
comparable standard over time reflecting both changes in costs and
productivity and incorporating a built-in weighting of labor and materials,
but they do not take technical changes into consideration. Changes in
productivity may be allowed for when the rates, or more particularly the
constants, are revised but in practice this is likely to be infrequent.
Overheads and profits are commonly allowed for in these rates through
the addition of a fixed percentage. These rates are not sensitive to changes
in market conditions and are more likely to reflect changes in constructors'

basic factor costs rather than tender prices (Fleming and Tysoe, 1991).

2.4.4 Index Simplification:

In the development of construction cost indexes, simplification of the

index should be considered. Items of construction that have the greatest
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influence on the index number should be selected. For example, the
Engineering News Record (ENR) construction cost index basically consists
of four major components (structural steel, Portland cement, lumber and
labor). The ENR index covers 20 major U.S. cities and it still serves its
purpose successfully (Fushi, 1978).

2.4.5 Source of Price Data: - -

Government organizations have most of the statistical data about prices.
In the U.S.A. the largest scurce of commodity price statistics is the
Bureau of Labor Statistics (BLS) in the U.S. Department of Labor. Data
from this source has been used for many years and Bureau of Labor
Statistics (BLS) has been found to do a competent job in updating their
data. This provides consistency in updating data. The frequency of data
collection is another consideration to coordinate with the time intervals
(such as monthly, quarterly, or yearly) of the index developed. Another
consideration is the accuracy of the data because it affects the final output
of any index. The data source plays the major role in its accuracy. The
source for statistical data for a specific item should be an organization
which deals with purchasing or producing of that item in a direct way.
Therefore, it is very important to select the most accurate, frequent and
consistent source of data suitable for the type of index developed (Fushi,
1978, Fleming and Tysoe, 1991.)
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2.4.6 Corrections for Improvements:

As time passes, the accuracy of an index decreases. To overcome this
problem, certain steps should be done to improve the index's accuracy such
as base year shifting, weight updating, market conditions percentage
provision and correction for productivity. Construction techniques have
been improved as time passes and consequently this causes a rate of change
in productivity. Therefore, there should be a correction factor for
construction labor. In the U.S.A. 2.5% per year is considered as the
average rate of change productivity correction factor (Fushi, 1978).
Statistical data is required in order to find the productivity correction
factor, but once the productivity factor is built into the index, it will be a

simple matter to update the index when better data becomes available
(Fushi, 1978).
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CHAPTER 3

RESEARCH DESIGN

3.1 METHODOLOGY:

The research design section is divided into three sections, namely :
methodology, data collection and validation. The methodology section
consists of five sub-sections, namely surveying school models,
identification and selection of price index items, weights to be used,
selection of the base year and selection of a price index method. The data
collection section consists of data source and sampling and sample size
needed. The last section is an overview of how the price index for schools

can be validated.
3.1.1 Surveying the School Models:

A survey was conducted to identify the common models of school
projects. MOE has forty-six models for school buildings. These models
are listed in Table 3.1. These models depend on three variables which are
the serial number of model (i.e. 1,2,3,...11), the number of class rooms
and the type of the school (i.e. Elementary, Intermediate and Secondary).
Among the forty-six model, there are only twelve models are common.
These common models are listed in Table 3.2. Design models 2/18/E,
2/18/1, 2/26/S, 2/28/E and 2/28/1 have the same characteristics in the

following:
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- Director Cffice - Social Advisor Room

- Secretary Room - Two Teacher Conference Rooms
- Library - Gymnasium

= Multipurpose Room - Stores

- Toilets - Snack Bar

®  Mosque

Design models 11/20/E, 11/25/E, 11/25/1, 11/25/S. 11/30.E, 11/30/1 and

11/30/S have the same characteristics in the following:

- Director Office - Secret Room

- Two Assistance Rooms - One Conference Room

- Secretary Room - Two Monitoring Rooms

- Two Teacher Conference Room - Physical Education Advisor Room
- Drafting Room h - Computer Room

- English Laboratory - Computer Laboratory

- Library - Gymnasium

- Stores - Toilets

- Snack Bar - Dressing Room

- Mosque

The differences between the common models of school projects are shown
in Table 3.3. The total number of projects that have been constructed
since 1982 upto 1995 from all types of models is shown in Table 3.4.
Also the total number of projects that have been constructed since 1982
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upto 1995 from the common models is shown in Table 3.4. From
Table 3.4, it is very clear that the common models form 58.29% of the
constructed projects in the three educational areas between 1982 & 1995.
Also, the total number of projects that are under construction until 1995
are listed in Table 3.5. The common models form 91.31% of the projects
that are under construction in the three areas until 1995. These statistics
show that, there is no unique common model and among the forty-six
models, there are only twelve models are common and consequently a
typical model is developed for the purpose of this study. This typical
model contains the common features and characteristics of these twelve
models. Bill of Quantities for the typical model is developed to contain the
common items from the BOQ's of the common models. Five BOQ's for
five projects have been taken and the items of these BOQ's have been listed
in appendix A. This BOQ of the typical model contains 165 items.
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Table 3.1:

List of School Projects Models in Saudi Arabia

# Type of Model Type of Model Type of Model
1 vizm 17 4/9/E 33 8/6/E
2 1/12/S 18 4/9/1 34 102111
3 1/18/1 19 4/9/S 35 11/15/E
4 1/18/S 20 S5/14/1 36 11/15/1
5 1/27/S 21 SI9/E 37 11/15/S
6 218/E 22 sRUT 38 11720/E
7 2/18/1 23 SI28/E 39 11/201
8 2128/E 24 6/18/E 40 11/20/S -
9 2/2811 25 6/18/1 41 11/25/E
10 2/26/S 26 6/18/S 42 11/25/1
11 3/12E 27 6124/E 43 11/25/S
12 3/12/1 28 612411 44 11/30/E
13 3/12/S 29 6/24/S 45 11/30/1
14 3/20/S 30 6/30/E 46 11/30/S
15 3/22/E 31 6/30/1
16 3/22/1 32 6/30/S
Table 3.2: ..The common models of school projects in Saudi Arabia
# Type of Model |# Type of Model I# Type _of Model
1 2/18/E 5 2/28/1 11/25/S
2 2/18/11 6 11/20/E 10 11/30/E
3 2/26/S 7 11/25/E 11 11/301
4 2/28/E 8 11/25/1 12 11/30/S

The first number refers to the model, the second numbser refers to the number of classrooms in the

school and the third number refers to the type of the school (i.e. E= Elementary, I = Intermediate
and S = Secondary school)
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Table 3.3: List of the Differences Between the Common Models
of School Projects in Saudi Arabia

# Type of No. of | Studying | No. of No. of
Model Class Level Floors Laboratories
Rooms

1 2/18/E 18 Elementary 2 0

2 2/1811 18 Intermediate 2 2

3 2/26/S 26 Secondary 3 4

4 2/28/E 28 Elementary 3 0

5 21281 28 Intermediate 3 2

6 11/20/E 20 Elementary 2 0

7 11/25/E 25 Elementary 2 0

8 1172511 25 Intermediate 2 2

9 11/25/8 25 Secondary 2 4
10 11/30/E 30 Elementary 2 0
i1 117301 | 30 Intermediate 2 2
12 11/30/S 30 Secondary 2 4
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Table 3.4:

The Number of Constructed Projects

Between 1982-1995 in the Three Educational Areas

No. of Projects

Percentage of

Educational No. of Projects Using Common Projects Using
Area Moedels Common Models
to the Total
Riyadh 211 123 58.29
Jeddah 112 66 58.93
Eastern Province 111 64 57.66
The total in the 434 253 58.29
three Educational
Areas
Table 3.5: The Number of Projects Under Construction
in the Three Areas
No. of Projects Percentage of
Educational No. of Projects Using Common Projects Using
Area Models Commeon Models
to the Total
Riyadh 55 48 87.27
Jeddah 30 26 86.67
Eastern Province 8 8 100
The total in the
three Educational 93 82 91.31
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3.1.2 Identification and selection of Price Index Items

The identification of the price index items can be done by review of
the BOQ's of the typical model.

The BOQ's of the typical model contains all the price items, but for
developing the price index, some representative items are needed. The

selection of the price index items is based on the following:

1. The item should have a major effect on the total cost of the project
(i.e. 0.50% or above).

2. The item must have been used in all common models, it should
have been used in the past, and it should be used in the present and

future.

Five projects have been taken and the percentage price of any item to
the total price of the project have been calculated and listed in appendix A.
The average percentage of the five values have been found and listed in
appendix A. After applying the previous two conditions to each price item
in the BOQ's of the typical model, a list of price index items is obtained.
The list of price items is shown in appendix (B).This list contains 36 price
items, which are the most common because they are found in every project
of the common models. They also form more than 75% of the total project
price (see appendix B). Therefore, these items are used as the price items
because they are available in every project and have a large effect on the

total project price.

37



3.1.3 Weights to be Used:

There are basically two ways of selecting weight, namely: fixed quantity
and variable quantity. The fixed quantity approach using base year
quantities is the most appropriate for this research because this method has
the advantage of comparison between indexes. Another advantage is that
the tabulation of quantities will be done only once. The base year quantities

for all selected items in the price index are used as weights in this research.

3.1.4 Selection of the Base Year:

There are three considerations that need to be taken into account when
choosing the base period. First, periods at which there were troughs or
peaks of price fluctuation should not be selected as a base period. Another
consideration is that the base period should not be too far from the
present. The third consideration in choosing a base period is the use of the
same base period as other indexes if there are such indexes, because this
will help later in comparison of the results. (Hamburg, 1987, Tysoe,1981).
After visits by the researcher to the MOE, the year 1990 was chosen as the
base year in this research because it fulfills the first and the second
requirements in choosing the base period. However, the year 1990 does
not fulfill the third requirement, because the base year of the Cost of
Living Index (CLI) of the Ministry of Finance (MOF) is 1988. The MOE
has informed the researcher that reliable and organized data is unavailable
prior to 1990.
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3.1.5  Selection of a Price Index Method:

The selection of a price index method can be accomplished as shown in
figure 2.1. In that figure, the first step is either to select the aggregative
method or the average of relatives method. The aggregative method will
be used in this research because it is more convenient since quantity
weights are easier to obtain than value weights; and the basic price data are
easier to obtain in absolute values than in the form of relatives. 'Also, the
lack of relevant price indexes in the Kingdom prevents the use of price
relatives in developing the construction index. The second step is to decide
whether the weighted or the unweighted method is to be used. The
weighted method is selected here because items are not equal in
importance. The difference in the importance of items is due to their
effects on the total price of the project. Because of the selection of the base
year weights in section 3.1.3, the index is aggregative, based on Laspeyres
equation as mathematically described in equation 2 in p.9. The third step is
the collection of the appropriate data and this is done in section 3.2.

3.2 DATA COLLECTION:

3.2.1 Data Source:

Data was collected from one source which is the MOE in Riyadh and
specifically from the Deputy Ministry of Education for Projects and
Maintenance. Only data about projects that have been built was collected.
This data is for actual and successful biddings. The data are in the form of
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BOQ's of school projects. The BOQ's include items and their prices,

quantities and the total price for each project selected in the sample.

3.2.2 Sampling and Sample Size Needed:

There are 3235 school buildings which were built for the MOE between
1970 and 1993 in Saudi Arabia. These buildings include 2512 elementary
schools, 543 intermediate schools, and 180 secondary schools. Therefore,
the population of school buildings is 3235 schools ( MOE, 1993 ). It is
necessary to select a sample size of schools that produces features and
characteristics of the entire schools population. A sample of 114 school

projects was selected based on a confidence level of 95% and a limit of
error of + 0.10.

n=x/[(1+(x/N)] (Eq.7)(Kish, 1965)
Where :
x = pq (/d)2

n = sample size

p = % of feature existence =0.5
q= % of feature non existence =0.5
t= Z for 95% confidence = 1.96
d = limit or error : =0.10
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N = the finite pollution of schools = 3235
x= 0.5* 0.5 * (1.96/0.10)2 = 96.04

n = 96.04/[1+(96.04/3235)] =93.27
Therefore n =93

The minimum sample size is 93 pfojects. However, the researcher
selected a sample of 114 projects. The projects were selected by random
sampling. A selected project was accepted if it satisfied these two

conditions :
1) The project must be built in Riyadh, Jeddah or Eastern Province.
2) The award date of the project must be between 1990 and 1995.

The archive shelves were reviewed before starting the collection of
data to develop a system of random sampling which was done in order to
give each constructed project an equal chance to be in the sample. The
elements of this sample ( school projects) were selected using a Table of
random numbers to assure randomness, independence, and
representativeness. All the school projects were listed in a long list in the
MOE. From the Table of random numbers, a number was selected and then
the equivalent number in school projects list is taken. When any selected
project did not satisfy the above two conditions, another project was
selected using the same Table to substitute for it. All the school projects in

the sample are listed in Table 3.6.
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Table 3.6: List of School Projects in the Sample of this Research

# Type of Model Educational Area | Year of Award
1 2/28/E Riyadh 1990
2 228/E Riyadh 1990
3 2/28/E Riyadh 1990
4 2/28/E Riyadh 1990
5 2/28/E Riyadh 1990
6 228/E Riyadh 1990
7 2128/E Riyadh - 1990
8 2/28/E . Riyadh 1990
9 2/28/E ’ Riyadh 1990
10 2/18/E Riyadh 1990
11 2281 Riyadh 1991
12 2/28/1 Riyadh 1991
13 2/28/1 Riyadh 1991
i4 2/28/1 Riyadh 1991
15 2281 Riyadh 1991
16 22811 Riyadh 1991
17 2/28/1 Riyadh 1992
18 2/28/1 Riyadh 1992
19 2/28/1 Riyadh 1992
20 2/18/E Riyadh 1992
21 2/28/1 Riyadh 1992
22 2/28/E Riyadh 1993
23 2/28/E Riyadh 1993
24 2/28/E Riyadh 1993
25 2/28/E Riyadh 1993
26 2/28/E Riyadh 1993
Continued...
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Table 3.6 Continued

# | TypeofModel | Educational Area | Year of Award
27 228/E Riyadh 1993
28 228/E Riyadh 1993
29 218/E Riyadh 1993
30 2128/ Riyadh 1993
31 228/E Riyadh 1993
32 2/28/1 Riyadh 1993
33 2/28/1 Riyadh 1993
34 2S/E Riyadh 1994
35 28/E Riyadh 1994
36 228/E Riyadh 1994
37 2128/E Riyadh 1994
38 212811 Riyadh 1994
39 11/3011 Riyadh 1994
40 11/30/E Riyadh 1995
41 11/30/1 Riyadh 1995
42 11/30/S Riyadh 1995
43 228/E Jeddah 1990
44 208/E Jeddah 1990
45 28/E Jeddah 1990
46 228/E Jeddah 1990
47 2128/E Jeddah 1990
48 228/E Jeddah 1990
49 228/E Jeddah 1990
50 2128/E Jeddah 1990
51 228/E Jeddah 1990
52 2128/1 Jeddah 1990
53 212811 Jeddah 1991
54 212811 Jeddah 1991

Continued...
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Table 3.6 Continued

# Type of Model Educational Area | Year of Award
55 2/28/1 Jeddah 1991
56 2/28/1 Jeddah 1991
57 2/28/1 Jeddah 1991
58 228/E Jeddah 1991
59 228/E Jeddah 1992
60 2/28/E Jeddah 1992
61 2/28/E Jeddah 1992
62 2/28/E Jeddah 1992
63 2/28/E Jeddah 1992
64 2/28/E Jeddah 1992
65 2/28/E Jeddah 1993
66 2/28/E Jeddah 1993
67 2/28/E Jeddah 1993
68  228/E Jeddah 1993
69 2/28/E Jeddah 1993
70 2/28/E Jeddah 1993
71 2/28/1 Jeddah 1993
72 2/28/1 Jeddah 1993
73 2/28/1 Jeddah 1993
74 2/18/1 Jeddah 1993
75 2/28/1 Jeddah 1993
76 2/26/S Jeddah 1993
77 2/28/1 Jeddah 1994
78 2/28/E Jeddah 1994
79 11/30/E Jeddah 1995

Continued..
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Table 3.6 Continued

# Type of Model Educational Area | Year of Award
80 11/30/1 Jeddah 1995
81 11/30/S Jeddah 1995
32 2/28/E Eastern Province 1990
83 2/28/E Eastern Province 1990
84 2/28/E Eastern Province 1990
85 2/28/E Eastern Province 1990
86 2/28/E Eastern Province 1990
87 2/28/E Eastern Province 1990
88 2/28/E Eastern Province 1990
89 2/28/E Eastern Province 1990
90 2/28/E Eastern Province 1990
91 2/28/E Eastern Province 1990
92 2/28/1 Eastern Province 1991
93 2/28/1 Eastern Province 1991
94 2/28/1 Eastern Province 1991
95 2/28/1 Eastern Province 1991
96 2/28/1 Eastern Province 1991
97 2/28/E Eastern Province 1991
98 2/28/E Eastern Province 1992
99 2/28/E Eastern Province 1992
100 2/28/E Eastern Province 1992
101 2/28/E Eastern Province 1992
102 2/26/S Eastern Province 1992
103 2/28/1 Eastern Province 1992
104 2/28/E Eastern Province 1993

Continued..
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Table 3.6 Continued

# Type of Model Educational Area | Year of Award
105 2/28/E Eastern Province 1993
106 11/3/S Eastern Province 1993
107 1125/E Eastern Province 1993
108 11/20/E Eastern Province 1993
109 2/28/E Eastern Province 1994
110 11/30/S Eastern Province 1994
111 11/30/S Eastern Province 1994
112 11/25/S Eastern Province 1994
113 11/30/S Eastern Province 1995
114 11/30/1 Eastern Province 1995

3.3 VALIDATION:

After developing the price index, it is tested for its validity. Several
prices of constructed school projects, not in the sample, were collected
from the MOE for a certain year. This was repeated for another year.
The percentage difference of the school prices can be compared with the
difference of the price index for the same set of years. A full description of

the index validation is presented in section 4.3.

The methodology of this research is presented graphically in Figure 3.1.
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CHAPTER 4

DATA CALCULATION AND ANALYSIS

This chapter is divided into three parts, namely, the development of
regional school projects price index (RSPPI), the development of the
school projects price index (SPPI) and the validation. In the first part,
RSPPI will be developed in three stages. The first stage is the quantities and
prices calculation for each item in the RSPPI. The second stage is the total
price calculation for each item and the sum of the total prices. The last
stage is the RSPPI calculation using the prices of the sum of index items by
the Laspeyres method. In the second part, the SPPI will be developed in
four stages. The first stage is the quantities and prices calculation for each
item in the SPPI. The second stage is the average quantities and prices
calculation for each item in the SPPI. The third stage is the total prices.
The last stage is the SPPI caiculation using the prices of the sum of index

items by Laspeyres method. In the third part, the validation of the RSPPI
and the SPPI will be tested.

4.1 THE DEVELOPMENT OF THE RSPPI:

This section is divided into three sub-sections, namely, the calculation of
the quantities and prices, the calculation of the total price for each item and

the sum of the total prices, and the calculation of RSPPI.
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4.1.1 Calculation of Quantities and Prices:

This section consists of the calculation of the base year quantities and

the calculation of the prices for the six years.
4.1.1.1 Calculation of the Base Year Quantities:

The RSPPI items are listed in Table 4.1. The quantities for each item
have been inserted in the Table for each item for the year 1990 from the
Riyadh area. The average quantities has been calculated for each item. This
calculation procedure has been done for Jeddah and Eastern Province areas

in Tables 4.2 and 4.3 respectively.
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4.1.1.2 Calculation of Items Prices for the Six Periods:

The prices for each item are shown in Table 4.4 for the year 1990 from
the Riyadh area. The average of prices has been calculated for each item.
This calculation procedure has been done for Jeddah and Eastern Province
areas in Tables 4.5 and 4.6 respectively. This procedure has been repeated

for each area in the other periods (i.e. 1991, 1992, 1993, 1994 and 1995)
in Tables 4.7 to 4.21.
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4.1.2 Calculation of Total Price of Each Item and the Sum of Total Prices
of the Price Index Items:

The average of quantities for each item has been taken from Table 4.1
and listed in Tables 4.22 - 4.27 for Riyadh area. Also, the average of prices
for the year 1990 in Riyadh area for each item has been taken from Table
- 4.4 and listed in Table 4.22. this has been repeated for the average of
prices for the year 1991-1995 in Riyadh area in Tables 4.23 - 4.27

respectively.

The average of quantities for each item has been taken form Table 4.2
and listed in Tables 4.28 - 4.33 for Jeddah area. Also, the average of prices
for the year 1990 in Jeddah area for each item has been taken from Table
4.5 and listed in Table 4.28. This has then been repeated for the average of

prices for the years 1991-1995 in Jeddah area in Tables 4.29 - 4.33
respectively.

The average of quantities for each item has been taken form Table 4.3
and listed in Tables 4.34 - 4.39 foe Eastern Province area. Also, the
average of prices for the year 1990 in Eastern Province area for each item
has been taken from Table 4.6 and listed in Table 4.34. This has been

repeated for the average of prices for the year 1991-1995 in Eastern

Province in Tables 4.35 - 4.39 respectively.
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4.1.3 Calculation of RSPPI:

The total price for each item in the index has been calculated by
multiplying the average of quantities by the average of prices for each item
in Tables 4.22-4.39. Then, the sum of the total prices of the index items has
been calculated and listed at the end of Tables 4.22 -4.39. The sum of total
prices has been taken from Tables 4.22 - 4.27 for the years 1990-1995
respectively and listed in Table 4.40 for Riyadh area. The sum of total
prices has been taken from Tables 4.28 - 4.33 for the years 1990-1995 and
listed in Table 4.41 for Jeddah area. The sum of total prices has been taken
from Tables 4.34-4.39 for the years 1990-1995 respectively and listed in
Table 4.42 for Eastern Province. The RSPPI for Riyadh area has been
calculated using the Laspeyres method and its values have been listed in
Table 4.40 for the years 1990-1995. Also, the RSPPI for Riyadh area has
been represented in figure 4.1 The RSPPI for Jeddah area has been
calculated using the Lasperes method and its values have been listed in
Table 4.41 for the year 1990-1995. Also, the RSPPI for Jeddah area has
been represented in figure 4.2. The RSPPI for Eastern Province area has
been calculated using the Laspeyres method and its values have been listed
in Table 4.42 for the year 1990-1995. Also, the RSPPI for Eastern

Province area has been represented in figure 4.3.

130



Table 4.40

Calculation of the Price Index for Each Year

Educational Area - Riyadh

a

Sum of the Total
# Year Pricesof Price Index
Index Items (SR) (%)
1 1990 3,359,905.66 100.00
2 1991 3,049,834.39 90.77
3 1992 3,022,304.91 89.95
4 1993 3,483,921.92 103.69
5 1994 3,583,415.56 106.65
6 1995 3,577,430.84 106.47
Fig. 4.1: Graphical Representation for the Price Index of School Projects in
Riyadh Area
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Table 4.41

Calculation of the Price Index for Each Year
Educational Area - Jeddah

Sum of the Total
# Year Prices of Price Index
Index Items (SR) (%)
1 1990 3,419,030.70 100.00
2 1991 3,395,784.78 99.32
3 1992 3,389,490.27 99.14
4 1993 3,264,270.93 95.47
5 1994 3,683,077.08 107.72
6 1995 3,830,515.27 112.04
Fig. 4.2: Graphical Representation for the Price Index of School Projects in
Jeddah Area
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Table 4.42

Calculation of the Price Index for Each Year

Educational Area - Eastern Province

Sum of the Total

# Year Prices of Price Index
Index Items (SR) (%)

1 1990 2,983,472.67 100.00

2 1991 3,278,569.31 109.89

3 1992 3,075,124.73 103.07

4 1993 4,150,044.90 139.10

5 1994 4,619,428.28 154.83

6 1995 3,908,790.61 131.01

Fig. 4.3: Graphical Representation for the Price Index of School
Projects in Eastern Province Area
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4.2 THE DEVELOPMENT OF THE SPPI:

This section is c_livided into four sub-sections, namely, the calculation of
quantities and prices, the calculation of average quantities and average

prices, the calculation of total prices, and the calculation of the SPPI.
4.2.1 Calculation of Quantities and Prices:

This section consists of the calculation of the base year quantities and the

calculation of items prices for the six years.
- 4.2.1.1 Calculation of the Base Year Quantities:

The SPPI items are listed in Table 4.43. the quantities for each item has
been inserted in the Table for each item for the year 1990 from the Riyadh
area. The sum of quantities and the number of samples has been calculated
for each item. This procedures has been done for Jeddah and Eastern

Province areas in Tables 4.44 and 4.45 respectively.
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4.2.1.2 Calculation of Items Prices for the Six Periods:

The prices for each item are shown in Table 4.46 for the year 1990
from the Riyadh area. The sum of prices has been calculated for each item.
Also, the sum of the number of samples has been calculated for each item.
This calculation procedure has been done for Jeddah and Eastern Province
areas in Tables 4.47 and 4.48 respectively. this procedures has been
repeated for each area in the other periods (i.e. 1991, 1992, 1993, 1994 &
1995 ) in Tables 4.49 to 4.63.
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4.2.2 CALCULATION OF AVERAGE QUANTITIES AND PRICES:

This section consists of the calculation of the base year quantities and the

calculation of the average prices for the six periods.
4.2.2.1 Calculation of the Average Base Year Quantities:

The sum of quantities and the sum of the number of samples has been
taken from Tables 4.43 - 4.45 and listed in Table 4.64. the average of
quantities for each item has been calculated and listed in Table 4.64 also.
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4.2.2.2 Calculation of the Average of Item Prices for the Six

Periods:

The sum of prices and the sum of the number of samples for each item
from the three areas for the year 1990 has been taken from Tables 4.46-
4.48 and listed in Table 4.65. The average of prices for each item has been
calculated and listed in Table 4.65. This procedures has been repeated for
the other periods: 1991-1995 in Tables 4.66 - 4.70 respectively.
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4.2.3 Calculation of Total Price of Each Item and the
Sum of Total Prices of the Price Index:

The average of quantities for each item has been taken from the Table
4.64 and listed in Tables 4.71 - 4.76. Also, the average of prices for the
year 1990 for each item has been taken from Tables 4.65 and listed in
Table 4.71. This has then been repeated for the average of prices for the
years 1991-1995. The average of prices for the years 1991-1995 has been
taken from Tables 4.66 - 4.70 and listed in Tables 4.72 - 4.76 respectively.
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4.2.4 Calculation of SPPI:

The total price for each item in the index has been calculated by
multiplying the average of quantities by the average of prices for each item
in Tables 4.71 - 4.76. Then, the sum of the total prices of the index has
been calculated and listed at the end of Tables 4.71-4 76. The sum of total
prices has been taken from Tables 4.71 - 4.76 for the years 1990-1995
respectively and listed in Table 4.77. The SPPI has been calculated using
the Laspeyres method and its values have been listed in Table 4.77 for the
years 1990-1995. Also, the SPPI has been represented in figure 4.4.
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Table 4.77
Calculation of the Price Index for Each Year

Sum of the Total
# Year Prices of Price Index
Index Items (SR) (%)
1 1990 3,284,156.07 100.00
2 1991 3,268,541.09 99.52
3 1992 3,123,718.91 95.11
4 1993 3,593,483.75 109.42
5 1994 3,549,835.92 108.09
6 1995 3,756,341.93 114.38
Fig. 4.4: Graphical Representation for the Price Index of School
Projects in Saudi Arabia
3
x
3
=
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&
85 +
80 + : : : +
1990 1921 1992 1993 1994 1995
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43 VALIDATION

This section is divided into two sub-sections namely: the calculation of
the average of total project prices and comparison between the indexes

values and the total project prices.
4.3.1 Calculation of the Average of Total Project Prices:

Several prices of constructed school projects were collected randomly
from the MOE for the years of 1990 and 1993 from the three educational
areas. These two years have been chosen because they are only the two
years which there were more projects in them other than projects used for
the index development. The total project prices are shown in Table 4.78
for the year 1990 from the Riyadh area. The sum of total prices has been
calculated. Also, the average of total prices has been calculated. This
calculation procedure has been done for Jeddah and Eastern Province areas
in Tables 4.79 and 4.80 respectively. Moreover, this calculation procedure
has been repeated for the year 1993 from the Riyadh, Jeddah and Eastern
Province areas in Tables 4.81, 4.82 and 4.83 respectively. Due to the
shortage of data for the Eastern Province in 1993, total project prices are

the same prices for some projects that have been used for the index

development.

The sum of total prices and the number of projects in the sample have

been taken from Tables 4.78, 4.79 and 4.80 for the year 1990 and inserted
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in Table 4.84. Then, the average of the total project prices has been found.
Also, this procedure has been repeated for the year 1993 in Table 4.85.
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Table 4.78
Calculation of the Average of Total Project Prices
Educational Area: Riyadh
Year 1990

Project Code Number Total Project Price (SR)
90/1/7 4,547,316.84
90/1/8 - 4,287,277.01
90/19 4,018,297.50

The Sum of Total

Project Prices (SR) 12,852,891.35

The Average of Total

Project Prices (SR) 4,284.297.12

Table 4.79

Calculation of the Average of Total Project Prices
Educational Area: Jeddah

Year 1990
Project Code Number Total Project Price (SR)
90/2/7 4,625,700.00
90/2/8 4,236,804.00
90/2/9 4,031,535.00
The Sum of Total
Project Prices (SR) 12,894,039.00
The Average of Total
Project Prices (SR) 4,298,013.00
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Table 4.80
Calculation of the Average of Total Project Prices
Educational Area: Eastern Province

Year 1990
Project Code Number Total Proiject Price (SR)
90/3/7 5,445,973.44
90/3/8 4,544 ,461.28
90/3/9 4,288,067.00
The Sum of Total :
Project Prices (SR) 14,278,501.72
The Average of Total
Project Prices (SR) 4,759,500.57
Table 4.81

Calculation of the Average of Total Project Prices
Educational Area: Riyadh

Year 1993

Project Co&e Number Total Project Price (SR)
93/1/8 4,795,262.01
93/1/9 3,999,844.53
93/1/12 4,244,184.00

The Sum of Total

Project Prices (SR) 13,039,290.54

The Average of Total

Project Prices (SR) 4,346,430.18
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Table 4.82
Calculation of the Average of Total Project Prices
Educational Area: Jeddah

Year 1993

Project Code Number Total Project Price (SR)

93/2/10 4.,036,257.00

‘The Sum of Total

Project Prices (SR) 4,036,257.00

The Average of Total

Project Prices (SR) 4,036,257.00
Table 4.83

Calculation of the Average of Total Project Prices
Educational Area: Eastern Province

Year 1993

Project Code Number Total Project Price (SR)
93/3/1 7,337,905.00
93/3/2 7,377,704.60

The Sum of Total

Project Prices (SR) 14,715,609.60

The Average of Total

Project Prices (SR) 7,357,804.80

213




Table 4.84

Calculation of the Average of Total Project Prices

Year 1990

Educational Area

The Sum of Total Project
Prices (SR)

Number of Projects
in the Sample

Riyadh 12,852,891.35 3
Jeddah 12,894,039.00 3
Eastern Province 14,278,501.72 3
Total: . 40,025,432.07 9
The Average of :
Total Project 4,447,270.23
Prices (SR)
Table 4.85

Calculation of the Average of Total Project Prices

Year 1993

Educational Area

The Sum of Total Project

Number of Projects

Prices (SR) in_the Sample
Riyadh 13,039,290.54 3
Jeddah 4,036,257.00 1
Eastern Province 14,715,609.60 2
Total: 31,791,157.14 6

The Average of
Total Project
Prices (SR)

5,298,526.19
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4.3.2 Comparison Between Indexes Values and the Total Project Prices:

For the purpose of comparison, the average price of school building
(say 1993 in Riyadh area) has been compared to the average of school
building (say 1990) multiplied by the index number of the year 1993.

* For Riyadh Area:

LetXg9g = the average price building in 1990
X933 = the average price building in 1993
Ig3 = index value for 1993
Therefore, Xgo = 4,284,297.12 SR
Xo3 4,346,430.18 SR
Igz3 = 103.68

Compare X93 =4,346430.18 SR to Xg0*I =

4,284,297.12 * 1.0369
= 4,442,387.68 SR

The same procedure has been repeated for the other areas and the whole
country and the values are listed in Table 4.86

Table 4.86: Comparison Between the Indexes Values and the
Validation Prices

Educational | Actual Prices} Price Index Predicted Actual Prices| Difference
Area in 1990 in 1993 Prices for Year Between
{SR) (%) for 1993 1993 Predicted and
(SR) (SR) Actual Prices
(%)
Rivadh 4,284,297.12 103.69 4,442,387.68 4.346,430.18 221
Jeddah 4,298,013.00 95.47 4,193,313.01 4,036,257.00 1.66
Eastern
Province 4,759,500.57 139.10 6,620,465.29 7,357,204.80 10.02
Saudi Arabia | 4,447,270.23 109.42 4,866,203.09 5,298,526.19 8.16
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The percentage differences between the actual prices for the year 1993
and the predicted prices for the year 1993 are 2.20% in Riyadh, 1.61% in
Jeddah, 7.69% in Eastern Province and 9.56% in Saudi Arabia. These

small differences provide evidence that the indexes are valid.
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION:

The MOE builds many school buildings every year to meet the
increasing number of students in different regions of the country. A price
index for these buildings is needed to show the movement of their price
over time. The SPPI can be part of a generalized cost index for
construction in Saudi Arabia. Also, it can be utilized to meet MOE needs

such as project budgeting, adjusting contract prices, general forecasting
etc.

This study was limited to school projects which are built for the MOE
in Saudi Arabia. Elementary, intermediate and secondary school projects
were considered in this study. The geographic coverage was limited to the
main educational areas in Saudi Arabia, namely: Riyadh, Jeddah, and
Eastern Province. Data was collected from the MOE in Riyadh for 114

school projects selected randomly.

In this research, there are 36 items that have been selected from the
common models as being representative in cost and regularly used. The
item weights have been considered as the average of the base year
quantities in the three areas. The year 1990 has been taken as the base year
for the the RSPPI and SPPI. The Laspeyres method has been used to
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calculate the RSPPI and the SPPI. The quantities and prices of 36 items of
RSPPI and the SPPI were extracted from the BOQ's of the 114 projects.
This data has then been used to develop the RSPPI and the SPPI. The values
of the RSPPI and SPPI are listed in Tables 4.40, 4.41, 4.42 and 4.77, they
are represented by graphs in figures 4.1, 4.2, 4.3 and 4.4. Table 4.86
shows the differences between the actual prices for the year 1993 and
predicted prices for the year 1993 in the three areas and the whole country.

5.2 RECOMMENDATIONS FOR FUTURE STUDIES:

1. Similar studies to this research can be done to develop indexes for
other types of construction projects such as highways and roads,
residential buildings, offices buildings, hospitals, mosques,
industrial buildings etc.

2. Also, this study can be used to develop general indexes for the
construction industry in the Kingdom.
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