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CHAPTER 1

INTRODUCTION

Management awareness of performance-related issues and its
commitment to improving construction opcrations are basic prerequisites of
productivity improvement (Civil Engg., 1981, Howell, 1981). This research
intends to assess the levels of management awarcness of and commitment
to productivity among Saudi construction contractors. To achieve this, the

following major questions are raiscd in this study:

1.  Arc Saudi construction contractors satisfied with their
existing level of productivity? If not satisficd, what are they

doing to improve productivity?

2. How do Saudi contractors measurc their construction

productivity? How do they evaluate measurcment methods?

3. What are the hindrances to Productivity Improvement

Programs (P1P)?

4, What are the areas with the highest potential for productivity

improvement?



1.1 SIGNIFICANCE OF THE STUDY

Although the construction industry is a major scctor of the
economy, construction productivity is lagging behind other industries (Civil
Enginecring, 1981, Lowe, 1987, Strandell, 1978). So, therc is high
potential for construction productivity improvement and there are high
rewards too. If this is the case in the U.S., which is a developed country,
then one would expect that construction productivity is not in better shape .

in Saudi Arabia, which is a devcloping country.

The Saudi construction industry has cxpericnced a decline in its
volume in the last few years. This decline has resulted in a highly
competitive atmospherc for contractors (Orakzai, 1984) and since
productivity has an inverse relation to cost, contractors can benefit from
improving their productivity , by which they can save morc money, earn
more profit and/or become more competitive. Morcover, a contractor with
high productivity can offer a lower bid price to win the contract and still
make a good profit, which will secure his share of the market. This makes

the study of construction productivity an important issue.

Productivity Improvement Programs have proved to be successful in
identifying and eliminating unnccessary costs and in improving job
efficiency, which has resulted in a good payoff (ENR, 1980). It is
important for contractors to benefit from this expericnce in the national
construction industry. Since management awareness of and commitment

to productivity are key factors in the success of such programs, it is
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important to investigate and evaluate contractors’ attitudes toward

productivity and their perception of programs for its improvement.

Because productivity measurement is an cssential part of any productivity

improvement programs, the applicability of different measurement

methods should be assessed.

1.2 OBJECTIVES OF THE RESEARCH

The main objective of the rescarch is to promote construction

productivity in Saudi Arabia by:

(a)

(b)

(©)

(d)

(e)

Investigating the awarcness among construction contractors of the

idea of productivity improvement and its application in the

- construction industry .

Investigating the applicability of diffcrent productivity measurement

methods.

Identifying the obstacles which hinder the use of productivity

improvement programs .

Determining areas which have high potential for productivity

improvement .

Asscssing the possibility of establishing construction productivity

improvement programs.

1.3 SCOPE AND LIMITATIONS

The study will be limited to large building contractors as classified
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by the Ministry of Public Works and Housing (MPWH). It will be further
limited to large building contractors in Jeddah, Riyadh, Dammam and Al-
Khobar which are the major cities of Saudi Arabia in which large
contractors usually establish their head offices. Building contractors are

chosen for several reasons:

1. Building construction in comparison to other types of construction ,
is unique in that it is labor-intensive and contains many differcnt
activities which make it a prime candidate for productivity

improvement .

2. In comparison to other types of construction , the number of owners
of building projects is large, thus there will be a commensurate

number of beneficiaries of the research findings.

Other types of construction are excluded because of the limitation of
time and resources. This study, which is an cxploratory type of study, is
also limited to large contractors who are classificd by MPWH in the first
three grades for Saudi contractors and in the first five grades for foreign
contractors. These contractors arc allowed to take on projects of SR 50

million or more per project.
Large contractors arc chosen for the following reasons:

1. Large contractors mean larger projects with high potential for
productivity improvement . This is because large projects have
numerous activities and need huge resources, which makes them

complex and in need of carcful planning and management.




Large contractors taking on larger projects could expect greater
savings (even with limited percentage of improvement). Because of
the huge resources that are invested in such projects, cven a limited
percentage of improvement will result in appreciable monetary

savings.

Large contractors with more qualificd management, that appreciate
productivity improvement , would have a greater tendency to

establish productivity improvement programs.



CHAPTER 2

LITERATURE REVIEW

In this chapter, the literature is reviewed in three parts:
productivity in construction , measuring productivity , and improving

productivity .
2.1 PRODUCTIVITY IN CONSTRUCTION

Productivity is defined by The Business Roundtahle (1982) as a ratio

of output over input:

Output

Productivity Tnput

A more general definition is offcred by the ASCE Committee on
productivity , “delivery of a quality construction product that achicves
total cost effectiveness through the optimal usc of resources” (Koehn &
Caplan, 1987, p. 328). Productivity can also be viewed as “factor” or
“total” productivity in which the former is the ratio of output to one type
of input (labor, for example), and the latter is the ratio of output to all

input factors (labor, capital, land and other investments) (Strandell, 1982).

Construction professionals and owners agree that productivity in the
construction industry is a problem that necds to be studied seriously,

because of its significant effect on the cost and duration of construction
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projects (Strandell, 1978). This has incrcascd the attention toward the
productivity problem in the last twenty years cspecially with the arrival of

the so-called “super project” and its constant cost overrun (Hohns, 1979).

When attempting to predict the productivity of his resource
combination used for performing a construction activity, the contractor
typically uses productivity data or relies on his experience. Productivity
data may be in the form of records published by contracting services, such
as Dodge, or contractor’s productivity rccords. A typical form of an

activity productivity record is shown in Table 2.1.
Table 2.1

Productivity of Man Shoveling Loosened Soil Into Truck

Soil Cu.yd. per Hr. per

labor hr. cu. yd.
Light, from ground 1.20-2.50 0.40-0.85
Medium, from ground 1.00-2.00 0.50-1.00
Hard pan, from ground 0.70-1.25 0.80-1.40
Light, from excavation 1.10-2.30 0.45-0.90
Mecdium, from excavation 0.90-1.80 0.55-1.10
Hard pan, from excavation 0.60-1.10 0.90-1.65

(Adrian, 1983, p. 270)




Productivity data is usually stated in terms of average productivity.
Assuming average weather, an average amount of delays, average job
conditions, and so forth, the contractor may usc the records to predict his
activity productivity . Faced with non-average conditions, the contractor
may revert to the use of index numbers to predict activity productivity .
These index numbers adjust the average productivity by weighing its value

as a function of non-average conditions (Adrian, 1983).
2.2 MEASURING PRODUCTIVITY

Measurecment is important in improving productivity in
construction. It determines the level of productivity and the response to
corrective actions. Appropriate construction-productivity measurement

will help owners and contractors to:
i, Determine how effectively their projects are being managed.

2. Detect adverse trends quickly so corrective actions may be taken.

W

Determine the effects of changed methods or conditions.

4. ldentify both high and low arcas of productivity and reasons for the

differences.

5. Compare the performance of different projects (Business Roundtable,

1982).




2.2.1 Measurement Difficulties in Construction

The above significance of mecasurement is unfortunately coupled
with difficultics in making measurement. The difficultics are primarily duc
to the fact that factors influencing productivity arc never constant, varying

from job to job (Logcher & Collins, 1978).

It is necessary to have an accurate measurement of output in order
to get an accurate measure of productivity . This lcads to another
difficulty, due to the fact that output in construction is a complex product
composed of many components, such as walls, roofs, ctc.; at varying

'complction levels and of a multitude of different materials (ENR, 1975).
2.2.2 Measurement Methods

There are various methods used in measuring construction

productivity , icluding:
1. Work Sampling (WS)

As defined by Richardson, “work sampling is a productivity
measurcment technique used for the quantitative analysis, in terms of time,
of the activities of men or equipment” (Richardson, 1976, p.123). In Work
Sampling, a large number of observations are taken randomly. The
activity in which the worker is involved during the obscrvation is classified
in predefined work categories. Inferences can then be drawn from the

sample representing the total work activity (Thomas & Holland, 1980).
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The first step in any Work sampling Study is to have a defined
objective. Then work categories are established according to the objective
of the study. Broad objectives imply broad categorics and sharply focused
objectives require more detailed catcgories. The intervals between studics
should be compatible with the program objective. The widely spaced
studies are of limited value and will identify only acutc problems that have
been occurring for an extended period of time. The data can be collected
by utilizing a Tour approach where the observer walks around and records
the activities of all of the craftsmen in view. In the tour approach, worker
absence will not be noted, and worker crossover will result in increased
percentages in the travel and carrying tools/matcrials categorics. Another
alternative to data collection is a crew approach where the group (the
population) is redefined into smaller sizes such that cach member of the
group can be included in the sample. Work Sampling results arc evaluated
by assessing the percentages of certain work catcgories that appear to be
unusually high or low. The results of a typical Work Sampling study are
shown in Table 2.2 (Thomas & Holland, 1980).




Table 2.2 Work Sampling Results

Category of Activity Percentage of
Observations
(1) B (2
Direct work 31.0
Receiving/giving instructions
and reading drawings 6.6
Handling tools and materials 33
Transporting tools and materials 54
Travelling cmptfr—handcd 13.9
Waiting and unexplained idle 29.7
Personal and breaks 3.5
Late starts and early quits 6.6

(Thomas & Holland, 1980, p.520)

2. Craftsman Questionnaire (CQ)

The Craftsman Questionnaire (CQ) is a technique that identifies the
causes and assess the severity of problems that affect craftsmen’s
productivity and motivation. The craftsman is required to cstimate the
loss of time associated with each problem, rank the severity of the
problems, and suggest possible solutions to these problems (Chang &

Borcherding, 1985).

Questionnaires are given to groups of up to 100 craftsmen in self-

administered sessions on the site. An administrator gives a brief idca
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about the questionnaire and clarifies any ambiguity. After the information
is collected and the results are obtained, interviews are held with groups of
craftsmen and foremen to find out substantial problems and potential
solutions. The topics studied in the CQ for cstimating the average weckly
loss of work hours are determincd, based on the characteristics of the

construction project (Russell & Chang, 1987).

Typical results of a Craftsman Qucstionnairc arc shown in Table
2.3, and a sample question in a Craftsman Questionnaire is shown in

Figure 2.1.

Table 2.3: Typical Results of Craftsman Questionnaire

Problematic Situation Lost Manhours Percent
Per Craftsman of Work
Per weck
Reading work 5.70 14.3
Material Availability 6.27 15.7
Tool Availability 3.80 9.5
Cross Interfacing 3.29 8.2
Overcrowded Work Areas . 5.00 12.5
Instruction Time 2.12 5.3
Instruction Delays 2.66 6.7
Total Unproductive Time 28.84 72.2

(Russell & Chang, 1987, P.K.1.4)
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Figure 2.1

An Example Question In A Craftsman Questionnaire

Materials and Tools

1. Do you often have to stop work and wait or move to
another spot because you don’t have the materials
to work with?

Yes No

2.  How many hours per weck would you guess are spent
waiting for materials, getting materials, or moving
to a different area because of no materials?
Hour(s) per week

3. Do you often have to stop work and wait or move to
another spot because you don’t have the tools you need?
Yes No

4.  How many hours per week would you guess are spent
waiting for tools, getting tools, or moving to a
different area because of no tools?

Hour(s) per week

5. In your opinion, why is getting materials or tools
to your working area a problem?

6. How do you think the material problem could be improved?

(Russell & Chang, 1987, P.K. 1.4)

W

. Craftsmen Questionnaire Sampling (CQS)

The idea behind the Craftsmen Questionnaire Sampling is to

combine the advantages of both the Work Sampling and the Craftsman
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Questionnaire. This is achicved by using the qucstionnairc as a means of
data collection to replace the sampler’s observation in work sampling.
Thus, it can determine craftsmen’s time spent on various activities with a

statistical reliability (Chang & Borcherding, 1986).

With the questionnaire in hand, the administrator, like the work
sampler, goes into the field to collect data. The administrator walks
around the site and randomly sclects a foreman. The administrator then
explains the purpose of the survey and asks the foreman to gather his crew
right at their work location. If the craftsmen in this selected crew are
present, they are given a questionnaire to fill out and asked to report what
they have just been doing. If any of the craftsmen are absent, the foreman
is asked to fill out a different form to complcment the information

regarding the activities of the absent craftsmen (Russell & Chang, 1987).

A typical questionnaire filled out by craftsmen in CQS is shown in
Figure 2.2, and typical results of Craftsmen Questionnaire Sampling is

shown in Table 2.4.



Figure 2.2 15
Questionnaire Filled by Craftsman in
Craftsman Questionnaire Sampling
Active (Direct) First time work
Physically work (using the Rework or repair
involved in tools of any
work, other trade) Support other
than travelling craftsmen
Support/Help Carry tools,
materials, etc.
Stand-by For inspection
For instruction
Not physically Waiting For materials
involved in For tools
work Safety meeting For equipment of
Unrelated but Training session truck
necessary Union Business Because of over-
Personal break crowded area
Other Due to other crew
interference
Information For design
Equipment or interaction
truck or additional
Material engineering
Tools information
Travelling to Other assigned Other
get (or to do) that
Personal/
unrelated
Other

(Russell & Chang, 1987, P.K. 1.7)



Typical Results of

Table 2.4

Craftsman Questionnaire Sampling

(Russell & Chang, 1987)

Categories Percent Cumulative
Percent
Direct 554 55.4
Support/Help 8.0 614
Travelling 12.2 75.6
Waiting/Standby 22.5 95.9
Unrelated 4.1 100.0

(Russell & Chang, 1987, P.K.1.8)

4. Foreman Delay Survey (FDS)

16

Foreman Delay Survey (FDS) is a mcthod of determining the

administration related delays which arc beyond a foreman’s control, but

have a dircct influence upon his crew’s productivity . A questionnaire is

filled in by each foreman on site at the end of cach working day for a

limited period of time (Tucker et al, 1982).

Brief orientation meetings should be scheduled for all foremen, to be

included in the program.

Gencral

foremen and supcrintendents
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supervising these foremen should also be included in the orientation

meetings (Tucker et al, 1982).

The orientation mecting includes a line-by-linc review of the survey
form, citing examples of the types of dclays which arc frequently
encountered. The foremen are told how the forms will be distributed,
when the forms will be completed (thc end of cach day or the following
morning), and when and how they will be coliccted. It is generally most
successful to collect delay reports as frequently and through the same
channcls as time cards are collected. The foremen are told that a summary
will be prepared from .their responses, and that the summary will be

discussed with them at a future date (Tucker ct al. 1982).

A typical Delay Report form is shown in Fig. 2.3.



Fig, 2.3: Typical Delay Report Form

Date: Name:

Gen. Foreman:

Number in Crew:

Foreman Name:

PROBLEMS CAUSING DELAY

MANHOURS LOST

Number of Number of
hours % x Men

= Manhours

Changes/Redoing work (Design

error or change) X =
Changes/Redoing work (Pre-
fgbrication Error) - X =
Changes/Redoing work (Field
error or damage) X =
Waiting for materials (warehouse) X =
Waiting for materials (vendor furnished) X =
Waiting for tools X =
Waiting for construction equipment X =
Construction equipment breakdown X =
Waiting for information . X =
Waiting for other crews X =
Waiting for fellow crew members X =
Unexplained or unnecessary move x =
Other X =
X =

Comments:

(Tucker, et al, 1982, p.580)

18
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5. Cost Reporting & Control System (CRCS)

The Cost Reporting and Control System requires cstablishment of
cost accounts and codes, estimation of production rates, and measurement
of cost data and quantities to datc. The basic premisc of this method is
that cost performance is a measurc of productivity (Russcll & Chang,

1987).

. Due to the complexity of construction projects, each project must he
broken down into many manageable blocks of work. Thesc blocks arc
called cost accounts. Each block or cost account is broken down into
specific detail by the type of work which is mecasurable in the ficld. Then
each cost account is assigned a cost code which is part of the company’s
overall'codihg structure. For example, activitics involving the use of
concrete can be broken down into concrete pouring, finishing and curing.
As shown in Table 2.5, the corresponding cost codes might be 230.01 -
Concrete, Footings, 230.51 - Concrete Trowel Finish and 230.91 - Concrete

Curing (Slab) (Russell & Chang, 1987).

Managcmcnt estimates labor rates for planning, reporting and
controlling site productivity . The rate for each account is an essential part
of the system because it provides a criterion for progress and performance
comparison. The estimate of workhours and/or cost for every account
becomes the base line against which actual workhours and cost are

measured.
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The measurement of cost to date includes such items as wages paid,
fringe benefits, taxes, insurance, etc. This information can be obtained
from the payroll system and can be sorted into cach cost account. The
mcasurcment of cost needs to take into account the cconomic effect of
wage rates, various crew mixes and their input on cost. It is reccommended
that thc measurement of workhours spent to date, be included.

The cost to date information, without concerning the quantitics of
work produced, by a given number of workhours and/or corresponding
cost is uscless for determining the actual unit rate for the purposc of

comparison with the planned rate (Russcll & Chang, 1987).
6. Mecthod Productivity Delay Model (M PDM)

The Method Productivity Delay Model (MPDM) is basically an
application of the principles of time and motion analysis on cyclic
construction activities. It can be looked at as a combination of Work
Sampling, Time Study, and Motion Analysis to mcasure, predict and
improve productivity (Adrian, 1983).

An overview of thc MPDM is shown in Figurc 2.4. The model is
broken into four clements. These consist of collecting data, processing
data, structuring the model, and implementing the model (Adrian, 1983,

1981).



DETERMINE:
1. Production Unit -

2. Production Cycle

L3 Leading Resource

[ IMPLEMENT PRODUCTION-CYCLE DELAY SAMPLING |

DELAY TIMES
DOCUMENTED?

COLLECT

4

CALCULATE: 1. Mean Non-Delay N
& Overall Cycle Times; c‘o"cl"'"u“c :E,:‘.‘,::mww“ &
:'el:;‘ :inmz)m“ (eyele times = DETERMINE Added-Delay Times.
PROCESS Method Indicators PROCESS Method indicators.
) )
TRANSFORM Mean Times (Cycle TRANSFORM Non-Delay Time to
Times = Delay Times) toProductivity | Productivity.

L

PROCESS

4

Transformed
Productivity Repre-
sentative of Ideal
Productivity?

4

DETERMINE: 1. Method Productivity
Equation.

ety

2. Method indicators

SUBSTITUTE Best Measurs of ideal
Productivity. Recognize Delay Factors
are Somewhat in Error.

STRUCTURE

b 4

Ading\
yes Resource 10 be No

APPLY TO: Measuring
Predicting
Work improvement

Fig. 2.4: Overview of the MPDM
(Adrian, 1983, p. 299)

IMPLEMENT
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7. Flow Process Chart (FPC)

According to the British Standards Institution, a Flow Process
Chart sets out the sequence of the flow of a product or a procedure by
recording all events under réView, using the appropriate process chart
symbols. A Flow Process Chart which records what the worker does is
called a man-type Flow Process Chart. If the chart records what happens
to the material, it is called a material-type Flow Process Chart. Should
the main intercst be in the flow of the cquipmcnt, an cquipment-type Flow
Process Chart could be used. Flow Process Chart Format is shown in Fig.

2.5 (Drewin, 1982).

For the preparation of Flow Process Charts, the following

considerations are suggested:

1. Charting is used for recording because it gives a complete picture of
what is being done and helps the mind to understand the facts and

their relationship to onc another.

2. The dectails which appear on a chart must be obtained from direct
observation. Once they have been recorded on the chart, the mind
is freed from the task of retaining them, but they remain available
for reference and for explaining the situation to others. Charts must
not be based on memory but must be prepared as the work is
observed (except when a chart is prepared to illustrate a proposed

new method).




Fig. 2.5: Flow Process Chart Format
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(Drewin, 1982, p. 78)
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A high standard of necatness and accuracy should be maintained in
preparing fair copies of charts constructed from direct observation.
The charts will be used in explaining proposals for standardizing
work or improving methods. An untidy chart will always make a

bad impression and may lead to errors.

To maintain their value for future reference and to provide as
complete information as possible, all charts should carry a heading

giving the information shown in Fig. 2.5 (Drewin, F.J., 1982)

Each element on the process chart must be critically analyzed in

relationship to full cycle for the design of a new. improved method.

Improvements are typically made in the transportation activitics.

Rearranging the operations and the material flow often reduces ineffective

transportations. (Drewin, F.J., 1982)

2.2.3 Measurement Methods Attributes

The previously mentioned construction productivity measurement

methods have different attributes. Although no concrete definitions of

these attributes can be found in the literature, the following will serve as a

brief explanation of such attributes:

Reliability refers to the usc of reliable statistical techniques in
collecting and analyzing data.

Comprehensiveness is a reflection of the scope of coverage and the
level of measurement.

Potential of positive reaction of workers is related to these effects
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resulting from the co-operation and participation atmosphere
created by using certain methods.

Effectiveness is the achievement of the goals of measuring and
improving productivity.

The cost of measurement is all costs including the direct cost of
manpower and material as well as the dircct cost resulting from the

possible interruption of work activities.

The time of measurement refers to the time needed to collect data,

analyze them, and take actions.

The potential of negative reaction of workers is the reaction which
may emerge as a result of workers’ suspicion that they are being
spied on, or as a result of misunderstanding and lack of co-
ordination.

The level of data processing is the relative sophistication of
computation which varies from simple calculated percentages to
sophisticated computerized data processing.

Potential of communication problems refers to difficulties arising
from language barriers, co-ordination pitfalls, or organizational
constraints.

The demand on trained personnel refers to the technical
qualifications of the people performing the measurement and the

data analysis (Chang & Borcherding, 1986).

2.3 IMPROVING PRODUCTIVITY

2.3.1 Management Commitment

According to a study conducted by the Business Roundtable,
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management practices are a significant factor behind dcclining productivity
in the construction industry . Many management-related activities, e.g.,
better planning and communication, more cffective management, better job
procedures, ectc., nced to be implemented to attain high productivity .
Also, one of the reasons behind the continuous decline in construction
productivity is that management has not paid attention to the productivity

problem (Civil Engg., 1981).

Top management support of the philosophy and the requircments of
the control system and its procedures, along with data collection and
analysis on a timely basis, to develop improvements, produced tangible
results (Peltier, 1978). In order for any productivity program to succeed,
managers have to be willing to be committed to productivity improvement
and to translate that commitment into action. Without this support and

commitment, there can be no improvement (Howell, 1981).

However, “while there is concern by those making capital
investments, there is evidence that many of these same pcople, including
chief executives, not only fail to appreciate the extent of the effect of
productivity on cost, but are in most cases almost powerless to control it”

(Strandell, 1978, p. 57).
2.3.2 Areas of Productivity Improvement

To maximize productivity improvement in construction , it is better
to concentrate on those areas which have high potcntial for productivity

improvement (Charomokos & McKee, 1981). Thesc arcas can be classified
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into two main groups. The first group is the Head Office related areas
such as planning, procurement, scheduling, drafting, cstimating,
specifications, communications, engincering, and marketing. The second
group is the site related areas which are further classified into six main
categories. The first category is Management which contains labor
relations, cost control, and supervision. The sccond category is Materials
which  contains  delivery, storage, packaging, prcfabrication,
standardization, product availability, and new product. The third category
is Labor which contains cohtract agreement, training, quality control,
turnover, availability, recruitment, and motivation. The fourth category is
Engincering/Design which contains design standards, design improvement,
systems engineering, and standard specifications. The fifth category is
Equipment which contains capacity, maintainability, and utilization. The
sixth category is Construction Techniques which contains precast elements,

pre-assemble modulars, and methods (Koehn & Caplan, 1987).
2.3.3 Productivity Improvement Programs

Productivity improvement should be vicwed as a system formalized
by a Productivity Improvement Program. The basic philosophy of the
program is to analyze all major aspects of the project and to derive means
for improvement, at less cost, with greater safety, and at a faster rate. The
slogan work smarter, not harder, is a concise statcment of the results to be

expected from an effective program (Parker & Oglesby, 1972, pp. 1-3).

Historically speaking, managerial analysis of basic tasks was started

in construction in the early part of the twenticth century by Gilbreth and
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Hauer, who later developed some of the industrial engineering techniques

(Parker & Oglesby, 1972).

The typical components of a successful productivity improvement

programs are:

Select an initial target area that has high visibility and probability
for success.

Gain the ‘support of appropriate management. Improvements in
productivity cannot come totally from the cmployee, but must result
from the actions of management which determines policies and
specific goals. |

Invoive all Jevels of personnel, including management, stafT,
supervisors, and labor in the development and implementation of
the plan. Cooperation generates enthusiasm for the desired goals.
Detail and install the system for measuring productivity so that the
procedures and findings will be clearly understood and monitored.
Then analyze results to find improvement opportunity.

Management should sclect an appropriate area for improvement

and implement the change (Schillo, 1979).
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CHAPTER 3

RESEARCH METHODOLOGY

This study is an exploratory type of rescarch in investigating con-
tractors” attitudes toward and perception of, productivity and its improve-
ment programs. The sample survey method, which is the most appropriatc
methodology in research aimed at describing population characteristics and
attitudes, is used in this research. This chapter presents the stages which
were carricd out to accomplish the research objectives. The stages cover
the following issues: required data, data collection, population and sample,

interview sessions, and data analysis.
3.1 Required Data

According to the research objectives stated in Scction 1.2, data

regarding the following issues was to be collected:

* Contractors’ awarencss of the idea of productivity and its mecas-
urement techniques.

*  Applicability and evaluation of different measurement tech-
niques.

* Roadblocks hindering the use of productivity improvement pro-
grams.

*  Areas which have high potential for productivity improvement,
both head office and sitc related areas.

* Possibility of establishing  construction  productivity
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improvement programs.
3.2 Data Collection

Required data for this study was gathered by personal interviews
with a sample of large building contractors in the Kingdom (grades 1. 2
and 3 for Saudi contractors and grades 1-5 for forcign contractors, accord-
ing to MPWH classification). The interview method was sclected because

of the following reasons:

1. Rate of response in interviews, compared with mailed qucs-

tionnaires, is high.
2. Some techniques and ideas can be explained and clarified.

3. The presence of interviewer dccrcases the number of “don’t

knows” and “no answers”.

A questionnaire was filled out during cach interview. This question-
naire is divided into three parts. The first part is related to the respondent
and his firm (size, activitics, etc.). The second part inquires into the
awarencss among contractors of productivity, the applicability of different
measurement methods, and the roadblocks hindering productivity improve-
ment programs, the third part helps to determinc arcas of potential pro-
ductivity improvement and to assess the possibility of establishing a pro-
ductivity improvement program. Appendix (A) shows a copy of the

questionnaire .



32

3.3 Population and Sample

The population of this study is all building contractors classified by
MHPW in the first three grades for Saudi contractors and in the first five
grades for foreign contractors. According to MPWH classification, thesc
contractors can bid for projects of SR 50 million or more per project. The
total number of these contractors in Saudi Arabia is 258 (MPWH classifi-

cation, 1409 H.).

A sample size of 54 was sclected based on a confidence level of 90%

and an error limit of 0.1, using the following cquation (Kish, 1965, p- 50):

n
I+n/N

n=

where:

n= 616 . 53.5, say, 54.

[+ 67.6

258

Where:
n’ = Sample size from an infinitc population
= Sample size from a finite population

n
N = Total population
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V = Standard error of sampling population

—-—106';5 = 0.0608 (for a total error of 0.1 and confidence level of

90%, t = 1.645).

$% = The variance of the population clements (a maximum valuc

atP = 0.5,S2 = P(1-P) = 0.5 * 0.5 = 0.25.

P = The proportion of population elements that belong to the

dcfined class.

The elements of this sample (contractors) were selected using tables
of random numbers to assure randomness, independence, and representa-
tiveness (Burgess, 1980). When any selected contractor could not be
approached for any reason, another contractor was selected using the same
t'ables to substitute for him. Around twenty contractors were replaced for
different reasons e.g., the contractor has gone out of business or change his
field of business, the contractor was not willing to co-operate, or contractor

could not be approached, because his address had changed.

3.4 Interview Sessions

After selecting a sample of 55 contractors, the rescarcher contacted
each contractor to explain to him about the study and to ask him for his
cooperation. Cooperative contractors were asked about their addresses

and convenient times and dates for visits.

In each company, the researcher sought an interview with the
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highest possible manager or official (general manager, deputy general man-
ager, technical manager, construction manager, or project manager), usu-

ally someone who holds an engineering degree and has a field experience.

Somc interviews were as short as two hours and others as long as
four hours. The rescarcher had to break down some interviews into two

sessions due to the respondents’ time limitation.

Some respondents preferred to go over the questionnaire with the
researcher in order to clarify any ambiguity, so that they would be able to
fill it out alone in their free time and send it in by mail. Twenty onc
respondents chose to do so, out of which fourteen sent the filled question-
nairc back. The rescarcher prepared stamped and self-addressed envelopes

for this category of respondents.

The rescarcher had a lot of discussion with the interviewees. At the
beginning of the interview, the respondent was given a copy of the ques-
tionnairc while the researcher had another one in order to follow cach

other.

Some respondents read, answered the questions, and wrote (or
checked) the answers by themselves. Others, cither only answered or only
read and answered the questions verbally while the rescarcher had to do

the checking and the writing.
3.5 Data Analysis

Each piece of information - with the exception of open-ended ques-
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tions - was coded. Coded data was then entered into the computer. SAS -
Statistical Analysis System = which is a package in the KFUPM main-
frame, was used to get all necessary statistics, such as discriminant analy-
sis, analysis of variance (ANOVA), Specarman’s and Pearson’s cofrclations,
and other discriptive statistics (means, percentages, and frequencies). Data
obtained from open-ended questions was manually grouped and summa-

rized.
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CHAPTER 4

RESULTS AND DISCUSSION

This chapter includes the findings of this study regarding various
productivity related issues. Interview schedules (questionnaires) were filled
out through personal interviews with 55 respondents. All respondents are
engincers in construction contracting firms with field cxperience in building
construction . About 39% of the respondents are cither general or deputy
gencral managers. The rest of the respondents include 9% technical man-
agers, 13% construction managers, 22% project managers, and 17% other
titles. Information regarding contractors characteristics can be found in

Appendix (B).

The results of this study are divided into five main issues: produc-
tivity awareness, productivity mecasurement methods, hindrances to pro-
ductivity improvement programs (PIP), potential arcas for productivity
improvement, and possibility of cstablishing productivity improvement
programs (PIP). Each of these main issues includes several scctions. For
cach scction, the results are presented first and then followed by a discus-

sion.
4.1 Productivity Awareness

The awarencss of the productivity problem among construction con-

tractors is a prerequisite for any possible productivity improvement. This
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awareness is investigated in this part which includes the following sections:
meaning of construction productivity , effect of construction productivity
on different project attributes, satisfaction with different productivity

areas, and productivity records used in estimating.
4.1.1 Meaning of Construction Productivity

The respondents were asked about what “construction productivity”
means to them. Nineteen respondents answercd this question. Their
answers contained the following key concepts: output/input ratio, cost effi-
ciency, profit and economic gains, time efficiency (proceed according to
schedule), quality (according to specifications and drawings), reduction of
non-essential work, improved construction methods, and optimum utiliza-
tion of resources. A more detailed breakdown of the responses is as fol-

lows:

Four of the respondents approached productivity at a macro level
“total productivity”, while six of the respondents approached it at a micro
level “factor productivity “. The other nine defined productivity in terms

that can be considered as a mixture of the two levels.

Ten respondents responded in terms that are more related to site
work productivity , while the other nine respondents answered in more
general terms which can be related to both sitc work and head office or to

neither of them.

Four respondents mentioned the time clement as an input or as a

constraint. Two of them considered time schedules as frames of reference.
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To eight respondents , construction productivity meant output/input
ratio, while to another four respondents , it meant cost cfficiency, profit,

and economic gains.
Only three respondents made quality a dimension of productivity .

From the observations above, it can be scen that the respondents do
not have a unified conceptualization of productivity and actually some
respondents gave statements (not definitions) about productivity, c.g., it is
the cornerstone of construction , it is more important in construction than
in manufacturing. This indicates that the awareness of productivity even
among those who arc called professionals should be enhanced. There
should be a unified definition of productivity to serve as starting point for
the improvement process. It is noticed also that 35 respondents did not
provide answers. Some of those may have thought that the rescarcher
cxpected a highly sophisticated and formal “unified” definition which they

did not have in mind. Another possible reason is ignorance.
4.1.2 Effect of Construction Productivity on Different Attributes

Question B3 of the questionnaire. inquires about the cffects of the
resondents level of construction productivity on different project attributes.
The definition of productivity, as mentioned in Scction 2.1, was explained
to the respondents before discussing question B3. The question contained
six different attributes which may be affected by construction productivity

status. These attributes are project cost, project duration, project quality,
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employee morale, employec job satisfaction, and overall profitability. The
respondents were asked to evaluate these effects on their projects using a
range of five levels of negativity/positivity. Fifty-five respondents partici-

pated in the evaluation of these effects.

As presented in Table 4.1, the project cost appears to be affected
the most with a mean response of (2.11) which is very close to the negative
response. Project duration follows with a mean response of (2.36). Then
come the overall profitability (2.40), employec morale (2.42), project qual-
ity (2.56), and employee job satisfaction (2.60).

Looking at these results, it can be seen that all these mean responses
lie somewhere between the “negative” and the “no cffect” responses. But
they are mostly closer to the “negative” responsc, which suggests that there
is a productivity problem anticipated by the respondents.

The above results may, however, have been clouded by the aggrega-
tion involved in calculating the mean response, the picture will be clearer
when considering the percentages of the negative responses (“negative” and
“extremcly negative” responscs) and the positive responses (“positive” and
“extremely positive” responses) for each attribute (Figure 4.1). For project
cost, project duration, and overall profitability, more than 70% of the
respondents perceived a negative or extremely negative effect of their level
of construction productivity . This indicates that these respondents have a
problem with construction productivity . In other words, their construc-
tion productivity is low (The reference level of productivity varies accord-
ing to activities, job conditions, past experience of contractors). The per-

centages of Fig. 4.1 also indicate that 63% of the respondents (the mean
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percentage of all attributes) are suffering productivity problems while

14.25% are reaping the benefits of productivity . The other 22.75% per-

ceive a ncutral effect of productivity on project attributes.

Effects of Construction Productivity on

Different Project Attributes

Mean*

Standard

Project Attributes Response | Deviation Rank
Project cost 2.11 1.10 1
Project duration 2.36 1.06 2
Overall Profitability of the firm 240 0.89 3
Employee morale 2.42 1.05 4
Project quality 2.56 0.92 5
Employee job satisfaction 2.60 0.95 6

(*) Ranges from | (extremely ncgative) to 5 (cxtremely positive) with 3 as (no effect).

N =55
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Those respondents whose productivity level is high show this uni-
formly over all the stated attributes, cven though the percentage of such
respondents is low. Negative cffect of low productivity is mostly identifia-
ble with cost, duration and profitability which are more tangible com-
pared with other attributes which are less tangible such as quality, moralc,
and satisfaction. This should be expected and may help in sclling produc-
tivity improvement programs to contractors since profitability is their

prime objective.

The percentage of respondents who indicated extreme responses

(both positive and negative) are shown in Table 4.2.

Table 4.2

Percentages of Extreme Responses

Project Attribute % of Extreme Responses
(Positive and Negative)

Project cost 36.3
Project duration 21.8
Project quality 14.5
Employee morale 219
Employee job 12.8

satisfaction

Overall Profitability (Firm) ‘ 9.1

N =55
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The percentages presented in Table 4.2 indicatc that productivity is
most important on project cost (36.3%) and then on project duration and
employce morale (21.9%). The huge difference between project cost
(36.3%) and overall profitability (9.1%) which arc related attributes may
be due to the perception by respondents of the project cost as being one of
the factors and not the only one, which affects profitability. Furthermore,
the percentage of neutral responses where respondents think there is no
effect of productivity on project attributes, is shown in Figure 4.1b. In this
figure, it is clear that project quality is perceived to be the least affected by
productivity (41.8%). A possible rcason behind this is that there is not big
margin to deviate project quality from the quality required in specifica-
tions. It can also be partially explained by the definition of productivity
by respondents, where ornly three respondents out of nincteen considered
quality a dimension of productivity (4.1.1). Project cost is the most
affected (11.0% perceived no effect of productivity ) and then comes the
overall profitability (12.80%). This can be rclated to the definition of pro-
ductivity by respondents, where to 12 respondents out of ninctecn, produc-

tivity meant output/input ratio, cost efficiency, profit and cconomic gains.
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4.1.3 Satisfaction with Different Productivity Areas

In question B4, the respondents were asked to express their degree
of satisfaction with the level of various productivity arcas in their firms.
Satisfaction ranges from | (cxtremcly dissatisficd) to 5 (cxtremely satis-
fied). Table 4.3 shows that the mean response for cach productivity arca

to range from 2.24 to 2.65.
Table 4.3

Satisfaction with Different Productivity Areas

Productivity Area Rt:;ﬁ::e Set:i':::iaor: Rank
Construction Workers Productivity 2.24 1.00 1
Equipment Productivity 2.27 0.95 2
Mcthod Productivity 2.36 0.91 3
Sitc Management Productivity 2.40 0.97 4
Overall Productivity of the firm 245 0.96 5
Officc Management Productivity 2.65 0.93 6

(*) Ranges from 1 (extremely dissatisfied) to 5 (cxtremely satisfied).

N =55
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The respondents demonstrated that they arc mostly dissatisficd with
construction workers’ productivity followed by cquipment and methods
productivity . The least dissatisfaction is reported in the arcas of site man-
agement, firm, and office management. To gain a better insight of the dis-
satisfaction differences between these six areas, the responses of dissatisficd
(cxtremcly dissatisficd and dissatisficd) and the satisficd (cxtremely satis-
fied and satisfied) are presented graphically in Figurc 4.2. 1t can be scen
that 65.5% expressed their dissatisfaction with firm’s overall productivity
and 74.5% cxpressed their dissatisfaction with construction workers’ pro-

ductivity .

The high dissatisfaction with construction workers’ productivity

may be due to the following reasons:

The first reason is that people in construction when they talk about
productivity , tend to mean workers’ productivity . The sccond reason is
that labor productivity is the major determinant of productivity , so if
overall pmduciivity is low, the first possible problem is labor. The third
reason is that labor productivity is relatively casicr to quantify compared
with other areas of productivity . The fourth reason may be the gencral

fecling that third world workers are not productive.
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Methods, site management, and cquipment productivity received
almost the same dissatisfaction/satisfaction level (60/10%). Sixty percent
of the respondents expressed their dissatisfaction with cquipment produc-
tivity , which is a relatively high percentage for building construction
where cquipment is not heavily involved. One rcason behind this is that
almost all large building contractors are also classificd in other types of
construction which are cquipment intensive (road, utility, and industrial)
(MPWH classification, 1409 H.). The mecan value of equipment owned by
contractors interviewed in this rescarch is SR. 27.24 million (sce Appendix
B). Part of the dissatisfaction with equipment productivity may be associ-

ated with the dissatisfaction of workers’ productivity .

The relatively low dissatisfaction (47.30%) with officc management
productivity may be due to the fact that management personnel in con-
struction firms are more steady in their jobs so they can learn and get
familiar with all job aspects, and it may be duc to the fact that respon-
dents arc basically management staff which may cause some bias in favor
of managemcnt. These results, along with the results of the previous scc-
tion, suggest that there is a common agreement among construction con-

tractors that there is a productivity probiem.
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4.1.4 Productivity Records

An indication of contractors productivily awarcness is the mainte-
nance of productivity records. This issue was investigated indirectly by
asking the respondents to indicate the type of productivity records or infor-
mation used in preparing a cost estimate for new projects. Figure 4.3
shows that 26% of the respondents stated that they depend on experience-
based judgement. Twenty-oné percent said that they use cost records asso-
ciated with each clement of work. Seventeen percent stated ihat they usc
both cost records associated with each clement of work and experience-
based judgement, fifteen percent said they use productivity records associ-
ated with each production factor. Ninetcen percent said they use both cost
records associated with each clement of work and productivity records

associated with each production factor.

This suggests that the documcentation and keeping of productivity
records and their reuse in preparing estimates is not fully utilized. Pcople
depend more on expericnce-based judgement in preparing cstimates. In
other words, only thirty-four percent usc productivity records which indi-

cate low awareness of the importance of productivity records.
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4.2 Productivity Measurement Methods

Productivity measurement is vital to any improvement effort aimed
at construction productivity . As described in Chapter 2, there arc many
productivity measurement methods available 1o the construction industry.
In this part, the familiarity, the popularity, and the cvaluation of these

methods will be presented.

4.2.1 Familiarity of Methods

In question B8 of the questionnaire , the respondents were asked to
indicate their level of familiarity with various productivity measurement
mecthods. The methods were explained to respondents prior to answering
the question. Five levels of familiarity were used. Table 4.4 shows various
methods and the mean responses indicating the respondents’ familiarity

with each of them.

The Cost Reporting and Cost Control System (CRCS) was the most
familiar measurement method with a mean response of 3.69 which is more
than the “familiar” and closer to the “very familiar” responsc. None of the
respondents indicated that he had never heard of CRCS. Rcespondents’
familiarity with the other six measurement methods was around the “some-
what familiar” response ranging from 1.84 to 2.24. This suggests that Cost
Reporting and Control System (CRCS) is practically thc only method that
respondents are familiar with. Thcse results were somewhat expected since
the Cost Reporting and Control System (CRCS) is a traditional method
which is commonly used by construction companics (Russell & Chang,

1987).




Table 4.4

Respondents’ Familiarity with Different

Productivity Measurement Methods

52

Mean* Standard
Method Response Deviation Rank
C(;st Reporting and Control System (CRCS) 3.69 0.73 I
Work Sampling (WS) 2.24 LIR 2
Foreman Delay Survey (FDS) 2.08 1.1 3
Flow Process Chart (FPC) 2.04 1.13 4
Craftsman Questionnaire (CQ) 1.86 0.98 5
Mecthod Productivity Delay Model (MPDM) 1.85 1.15 6
Craftsman Qucstionnéire Sampling (CQS) 1.84 0.96 7

* Ranges from 1 (never heard of) to 5 (cxtremely familiar)

N = 49,
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To gain some understanding of the association between the level of
familiarity with the measurement techniques and the confractors’ charac-
teristics, a correlation analysis using Pcarson’s correlation coefficient (9]
was performed. Among contractors’ characteristics investigated are Riyal
value of equipment, annual construction volume, and number of cmploy-
ecs. The results show that the Riyal value of construction cquipment was
found to be positively correlated with the familiarity with the following

measurement mcthods: Craftsman Questionnaire (CQ) (r = 054, P < |
0.001 ), Craftsman Questionnaire Sampling (CQS) (r = 0.52, P' < 0.001),
Foreman Delay Survey (FDS) (r = 0.37, P < 0.1), Mecthod Productivity
Delay Model (MPDM) (r = 0.52, P < 0.001), and Flow Process Chart
(FPC) (r = 0.50, P < 0.001). The annual constructjon volume was found
to be positively correlated with Craftsman Questionnaire (CQ) (r = 0.51,
P < 0.001), and Craftsman questionnaire sampling (CQS) (r = 0.44, P <
0.01). The number of employecs was found to be positively correlated with
Craftsman Questionnaire (CQ) (r = 0.38, P < 0.01), and Craftsman
Questionnaire Sampling (CQS) (r = 0.37, P < O.1). Since the value of
equipment, the number of employces, and the annual construction volume
are indicators of the size of a company, it can be said that larger compa-
nies tend to be more familiar with non-traditional productivity measure-
ment methods. This may be due to the fact that larger firms tend to tackle
the productivity problem in a more serious way than smaller firms do.
This seriousness includes, among other things, the use of different alterna-
tive methods to measure and improve productivity and the tendency to

recruit more qualified personnel who have updated knowledge in this ficld.
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Question B9 of the questionnaire requested information about the

frequency of usage for each measurement method. The frequency was

measured on a scale ranging from 1 (ncver) to 5 (always). The results are

shown in Table 4.5.

Table 4.5

Popularity of Various Productivity

Measurement Methods

* Ranges from 1 (never) to 5 (always)
N = 48.

Mean* Standard
Method Response Deviation Rank
Cost Reporting and Control System (CRCS) 3.38 0.93 1
Work Sampling (WS) 2.00 1.20 2
Foreman Delay Survey (FDS) 1.85 1.12 3
Flow Process Chart (FPC) 1.70 0.95 4
Craftsman Quecstionnaire Sampling (CQS) 1.67 0.97 5
Craftsman Quecstionnaire (CQ) 1.56 0.90 6
Mcthod Productivity Dclay Model (MPDM) I._5_ 0.84 7
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As can be seen from the results, the Cost Reporting and Control
System got an average response of (3.38) which is a little more than the
“sometimes” response. It ranked first as the most popular and used
method. Work sampling came out to be the second most popular method
with an average response of 2.0 which is “rarcly used”. The other five
methods got average responscs somewhere between 1.5 and 1.85 which are
less than the “rarely used” response. These results indicate that there is a

lack of utilization of the productivity measurement methods.

The correlation coefficients between the familiarity and the popular-

ity (frequency of usage) of methods are shown in Tablc 4.6.




Table 4.6

Coefficients of Correlation Between

Familiarity and Popularity of Methods

Method r) P <
Work sampling (WS) 0.80 0.001
Craftsman questionnaire (CQ) 0.77 0.001
Craftsman questionnaire sampling (CQS) 0.82 0.001
Foreman-Delay Survey (FDS) 0.85 0.001
Cost Reporting and Control System (CRCS) 0.49 0.001
Method Productivity Delay Model (MPDM) 0.68 0.001
Flow Process Chart (FPC) 0.79 0.001

43.

56
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These high positive values of the corrclation cocfficient show that
the frequency of usage of different methods is strongly related to the famil-
iarity with these methods. Hence, a very plausible reason behind not using
these methods is the unfamiliarity. This scems logical becausce the familiar-

ity (the know-how) is a prerequisite for the usage of any method.
4.2.3 Evaluation of Methods

The respondents were asked in question B10 of the questionnaire to
cvaluate the presence of different attributes in cach measurement method.
Each attribute was to be rated on a 1 t0 5 scale, where | stands for “very
low” and 5 stands for “very high”. Some of thesc attributes are positive
such as reliability, comprehensivencss, positive participation of workers,
and effectiveness in measuring and improving productivity , while the oth-
ers are negative such as, the demand on trained personnel, demand on
data processing, cost of measurement, time of measurement, negative rcac-
tion of workers, and communication problems. Only respondents who
indicated familiarity with a particular method, even if they did not use it,

were used for the evaluation of the method.

The results of all attributes arc shown in Tables 4.7 through 4.16
where the ncgative scores of ncgative attributes are not reversed. It is
noticed in all these tables that N is smaller in the case of responses to
methods other than Cost Reporting and Control System. This is due to the
fact that respondents are less familiar with these methods. Starting first

with the positive attributes, Table 4.7 shows the results of the reliability
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where the Cost Reporting and Control System (CRCS) got the highest
score followed by the foreman delay survey (FDS). The remaining five
methods, which are CQS, WS, FPC, MPDM, and CQS, got almost the
same scores ranging from 2.63 to 2.84. However, the Flow Process Chart
(FPC) and the Mecthod Productivity Delay Modecl which are quantitative
methods got relatively low scores of 2.72 and 2.67 respectively, which was
not expected. One possible reason behind this is that the respondent’s per-
ception of a method is affected somchow by the familiarity with that
method. In other words, a relatively low familiarity with these two meth-
ods may have led to this misjudgement and uncxpected results. Although
the difference is too small between the scorcs of Craftsman Questionnaire
Sampling (2.84) and Craftsman Questionnairc (2.63), this difference may
be due to the fact that Craftsman questionnairc sampling involves more
statistical reiiability (Russell & Chang, 1987). This could be due to less

demand on memory.

The second positive attribute is the comprehensiveness, whosc
results are shown in Table 4.8; where the Cost Reporting and Control Sys-
tem (CRCS) reccived the highest score, followed by the Foreman Delay
Survey (FDS), the Craftsman Questionnaire (CQ), the Craftsman Ques-
tionnaire Sampling (CQS), Mecthod Productivity Delay Model (MPDM),
and the Flow Process Chart (FPC) which reccived almost the same scores
ranging from 2.83 to 3.16. The Work Sampling (WS) got the lowest score
which is somewhat unexpected since Work Sampling can be used for dif-
ferent objectives where the work categorics are established according to the

objective of the study. Broad objectives imply broad categories and
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sharply focused objectives require more detailed catcgories (Thomas &

Holland, 1980).

The results of the third positive attribute which is the positive par-
ticipation of workers are shown in Table 4.9. The Craftsman Question-
naire scored the highest followed by the Foreman Delay Survey and then
by Craftsman Questionnaire sampling. This makes sense because these
methods require workers’ input which creates an open and active atmos-
phere of participation that may bring job satisfaction and mqtivation to
workers (Chang & Borcherding, 1985). The other four mcthods which are
CRCS, MPDM, WS and FPC had scores ranging from 1.82 to 2.56.

These methods do not need workers input.

Table 4.10 shows the results of the fourth positive attribute which is
the effectiveness in measuring productivity , the Cost Reporting and Con-
trol System (CRCS) scored the highest followed by Method Productivity
Delay Model, Foreman Delay Survey, and Crafisman Questionnaire which

got scores ranging from 3.26 to 3.45 which are ncarly the same.

The first negative attribute is the requirement of trained personnel.
Table 4.11 shows the results of this attribute where Cost Reporting and
Control System made the most demand on trained personnel followed by
method productivity delay model, then came the remaining five methods
ordered as follows: FPC, CQS, CQ, FDS and WS. This order generally
makes sense except for CQ where there is not much demand on trained

personnel.
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The second negative attribute is the Ievel of data processing. Table

4.12 shows the results of this attributc where Cost Reporting and Control
System scored the highest (3.82) which is too high if the cost records are
already used in the organization, but it would be cxpected if CRCS is
exclusively maintained for Productivity Mcasurcment. Following CRCS
are CQ, FDS, CQS and MPDM with scores ranging from 3.00 to 3.21
which arc nearly the same. The Flow Process Chart scored the lowest
(2.14) which is very low and unexpected since FPC is a quantitative
method and necds data processing. This may be duc to the relatively low

familiarity with FPC.

The third negative attribute is the cost of mcasurement. Table 4.13
shows the results of this attribute where the Cost Reporting and Control
System scored the highest (3.65) which is too high if cost rccords are
élready used in the firm. The second highest method is the Craftsman
Questionnaire, then comes CQS, MPDM, and FDS with scores ranging
from 2.68 to 2.84 which are almost the same. The last two methods arc

FPC and WS. The ordering of methods is generally reasonable.

The fourth negative attribute is the time requirement for measure-
ment. Table 4.14 shows the results of this attribute where the Cost
Reporting and Control Systcm scored the highest (3.75) which is too high
if cost records are already in the firm. Then came the remaining methods
which are CQ, CQS, MPDM, FDS, FPC, and WS. The methods in this
table arc ordered in the same way as in Table 4.13. A possible explanation

for this is that time is a component of cost.
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The fifth negative attribute is the potential for ncgative reaction of
workers. Table 4.15 shows the results of this attribute where Work Sam-
pling scored the highest followed by Craftsman Questionnaire, Forcman
Dclay Survey, and Craftsman Questionnairc Sampling which makes scnse
- because thesc methods require workers” input. Then come the remaining
three methods which are MPDM, CRCS, and FPC. This is reasonable

since these methods do not require workers’ input.

The sixth necgative attribute is the potential communication prob-
lems. The communication meant here is that between the different partics,
within the organization, who are involved in the application of the method.
The communication problem may be due to some language barriers, organ-
izational constraints, or misunderstanding resulting from the application of
some methods without full coordination between different interested par-
ties (Thomas & Holland, 1980). Table 4.16 shows the results of this attri-
bute where Craftsman Questionnaire Sampling scored the highest followed
by Craftsman Questionnaire which makes scnse since the application of
both methods involves many partics, i.e., productivity engincer, foreman
and workers. CQS, CQ, and CRCS had almost the same scores ranging
from 3.02 to 3.21. FDS, MPDM, and FPC had ncarly the same scores
ranging from 2.59 to 2.79. Work Sampling got a very low score (1.95)
which is not expected since WS has a potential for communication prob-

lems (Thomas & Holland, 1980).

Another way of looking at the whole picture is by drawing a curve

showing the scores of major attributes, with the scores of negative
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attributes reversed. The major attributes selected are: reliability, compre-
hensiveness, cost of measurement, time of mecasurement, and effectivencss.
Fig. 4.5 shows the curves for all methods, the higher the curve at cach

attribute, the better the method.

From Figure 4.5, it can be seen that the Cost Reporting and Con-
trol System scored the highest in the three major positive attributes; while
it scored the least, after reversing the score, in the two major ncgative attri-
butes. This is despite the fact that CRCS is the most familiar and popular
method (4.2.1, 4.2.2). One possible reason behind this is that respondents
give, in general, more weight to the ncgative attributes than the positive
ones. One more thing to be noticed is that the difference between CRCS
and the second highest method in positive attributes is relatively big. This
suggests that CRCS is, relatively, the best method for use on a continuous
basis, since it requires continuous maintenance of cost records. Putting
more emphasis on the effectivencss score, MPDM is the second method

advised for use and FDS is the third method recommended for vse.




Table 4.7: Reliability of Productivity Measurement Methods

Mean* | Standard

Method Response | Deviation{ Rank N
Cost Reporting and Control System (CRCS) 4.19 0.76 1 48
Foreman Delay Survey (FDS) 3.26 0.56 2 19
Craftsman Questionnaire Sampling (CQS) 2.84 0.76 3 19
Work Sampling (WS) 2,77 0.75 4 22
Flow Process Chart (FPC) 2.72 0.67 5 18
Method Productivity Delay Model (MPDM) 2.67 1.07 6 12
Craftsman Questionnaire (CQ) 2.63 0.50 7 19

* Ranges‘from 1 (very low) to 5 (very high).
Table 4.8: Comprehensiveness of Productivity Measnrement Methods
Mean* | Standard

Method Response | Deviation | Rank N
Cost Reporting and Control System (CRCS) 3.94 0.73 1 48
Foreman Delay Survey (FDS) 3.32 0.67 2 19
Craftsman Questionnaire (CQ) 3.16 0.76 3 19
Craftsman Questionnaire Sampling (CQS) 3.05 0.62 4 19
Mecthod Productivity Delay Model (MPDM) | 2.92 1.16 5 12
Flow Process Chart (FPC) 2.83 0.99 6 18
Work Sampling (WS) 2.36 0.90 ‘7 22

* Ranges from 1 (very low) to 5 (very high).
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Table 4.9
Potential of Positive Participation of Workers
Mean* Standard

Method Response Deviation Rank| N
Craftsman Questionnaire (CQ) 3.84 0.96 1 19
Foreman Delay Survey (FDS) 3.68 0.48 2 19
Craftsman Questionnaire Sampling (CQS) 3.53 0.61 3 19
Cost Reporting and Control System (CRCS) 2.56 1.03 4 48
Method Productivity Delay Model (MPDM) 2.33 1.44 5 12
Work Sampling (WS) 2.23 1.15 6 22
Flow Process Chart (FPC) 1.82 _l'.l9 7 17

* Ranges from 1 (very low) to 5 (very high).
Table 4.10
Methods Effectiveness in Measuring Productivity
Mean* Standard

Method Responsi 3 Deviation Rankl N
Cost Reporting and Cont;'ol System (CRCS) 4.27 .54 I 4R
Mecthod Productivity Delay Model (MPDM) 3.45 0.93 2 1
Foreman Delay Survey (FDS) 3.42 0.51 3 19
Craftsman Questionnaire Sampling (CQS) 3.26 0.56 4 19
Craftsman Questionnaire (CQ) 3.1 0.46 5 19
Flow Process Chart (FPC) 3.00 0.79 6 17
Work Sampling (WS) 2.77 0.81 7 22

* Ranges from 1 (very low) to 5 (very high).
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Table 4.11
Requirement of Trained Personnel for Productivity Measurement Methods
Mean* Standard
Method Response | Deviation Rankl N
Cost Reporting and Control System (CRCS) 3.72 0.68 | 47
Method Productivity Delay Model (MPDM) 3.58 0.67 2 12
Flow Process Chart (FPC) 3.17 0.86 3 18
Craftsman Questionnaire Sampling(CQS) 3.00 0.91 4 18
Craftsman Questionnaire (CQ) 2.94 0.94 5 IR
Foreman Delay Survey (FDS) 2.72 0.75 6 I8
Work Sampling (WS) 2.1 4_ ] (_).79 ' 7 21
* Ranges from I (very low) to 5 (very high).
Table 4.12
Level of Data Processing for Productivity Measurement Methods
Mean* Standard
Method Response | Deviation Ranki N
Cost Reporting and Control System (CRCS) 3.82 0.76 | 44
Craftsman Questionnaire (CQ) 3.21 0.71 2 19
Foreman Delay Survey (FDS) 3.20 0.56 3 15
Craftsman Questionnaire Sampling (CQS) 3.05 0.62 4 19
Method Productivity Delay Model (MPDM) 3.00 0.76 5 8
Work Sampling (WS) 2.73 0.70 6 22
5;(‘))\2': )Proccss Chart 2.14 1.17 7 14

* Ranges from 1 (very low) to 5 (very high).
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Table 4.13

Cost of Measurement in Productivity Measurement Methods

Mean* Standard
Method Response | Deviation Ranki N
| Cost Reporting and Control System (CRCS) 3.65 0.70 i 48
Craftsman Questionnaire (CQ) 3.32 0.75 2 19
Craftsman Questionnaire Sampling (CQS) . 2.84 0.76 3 19
Method Productivity Delay Model (MPDM) 2.83 1.11 4 12
Foreman Delay Survey (FDS) 2.68 0.82 5 19
Flow Process Chart (FPC) 2.39 1.24 6 18
Work Sampling (WS) 2.14 0.94 7 22

* Ranges from 1 (very low) to 5 (very high).

Table 4.14
Time Requirement for Measurement in Productivity Measurement Methods
Mean* Standard
Method Response | Deviation Rank| N
Cost Reporting and Control System (CRCS) 3.75 0.76 | 48
Craftsman Questionnaire (CQ) 3.26 0.87 2 19
Craftsman Questionnaire Sampling (CQS) 2.89 0.94 3 19
Mcthod Productivity Delay Model (MPDM) 2.83 0.94 4 12
Foreman Delay Survey (FDS) 2.79 0.79 5 19
Flow Process Chart (FPC) 2.67 0.91 6 IR
Work Sampling (WS) 2.27 0.7 7 22

* Ranges from 1 (very low) to 5 (very high).




Table 4.15

Potential of Negative Reaction of Workers
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Mean* Standard

Method Response |Deviation Rank| N
Work Sampling (WS) 3.59 0.80 I 22
Craftsman Questionnaire (CQ) 3.47 0.84 2 19
Foreman Delay Survey (FDS) 3.32 0.67 3 19
Craftsman Questionnaire Sampling (CQS) 3.26 0.73 4 19
Method Productivity Delay Model (MPbM) 2.50 1.24 5 12
Cost Reporting and Control System (CRCS) 2.3R 1.12 6 48
Flow Process Chart (FPC) 1.76 1.03 7 17

* Ranges from 1 (very low) to 5 (very high).
Table 4.16
Potential Communication Problems in Productivity Measurement Methods
Mean* Standard :

Method Response | Deviation Rankl N
Craftsman Questionnaire Sampling (CQS) 3.21 0.63 1 19
Craftsman Questionnaire (CQ) 3.16 0.69 2 19
Cost Reporting and Control System (CRCS) 3.02 0.91 3 4R
Foreman Delay Survey (FDS) 2.79 .13 4 19
Method Productivity Delay Model (MPDM) 2.67 1.30 5 12
Flow Process Chart (FPC) 2.59 1.33 6 17
Work Sampling (WS) 1.95 1.17 7 22

* Ranges from 1 (very low) to 5 (very high).
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4.3 Hindrances to Productivity Improvement Programs (PIP)

There are many factors which can be perccived as hindrances to
Productivity Improvement Programs (PIP). Fourtcen such factors are
investigated. These factors are: The concept of productivity improvement
programs is not well known to us, measurement of productivity is too diffi-
cult, measurement of bencfit/cost of productivity is too difficult, lack of
incentives from project owners to implement productivity improvement
programs, lack of qualified personnel to apply them, it is just “good engi-
neering” which we do anyway, the concept of productivity is too compli-
cated and theoretical, it is too difficult to get started (we arc too busy), the
culture of the organization is not productivity conscious, projects are too
short to implement productivity programs, it costs too much, lack of
awareness among contractors, lack of management support, and lack of
trained personnel. The respondents were asked to indicate their level of
agreement with various factors as being hindrances to PIP in their own

firms. Table 4.17 shows the results of question B6 of the questionnaire .

Looking at the results shown in Table 4.17. it can be scen that only
factor 4 (lack of incentives from prbjcct owners to implement productivity
improvement programs ) out of the first 11 factors received a relatively
high level of agreement. This may be due to the fact that factor 4 shifts
the responsibility to owners. In the remaining ten of the first eleven fac-
tors, the clear majority of respondents disagrec with thesc factors as being

hindrances to PIP. Such disagreement is inconsistent with the results of
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section 4.1.1, which indicated that respondents do not have a unified con-
ceptualization of productivity and a majority of respondents did not pro-
vide answers to what productivity means to them which suggests that there
is a lack of awareness. It is also inconsistent with the results of section
4.2.1, which suggest that CRCS is practically the only mcthod that respon-
dents arc familiar with, and with thosc of section 4.5.1.1 which show lim-
ited organizational commitment to the area of productivity . This discrep-
ancy may be due to the lack of productivity awarencss. It may also be due
to some bias caused by the fact that respondents tend to defend themselves
against looking like being not fully aware of productivity concepts or not
having qualified people to implement PIP. Another possible reason behind
this discrepancy is that respondents lost the link between the first cleven
factors and the beginning of the question. On the other hand, the last
three factors. which are the lack of awareness among contractors, lack of
management support, and lack of trained personnel received a high level of
agreement as being hindrances to PIP. Item 13 which asked to identify
other hindrances reccived no answer. This may be due to the comprechen-
siveness of the factors which are listed in the questionnaire or due to mis-

understanding of the question.

Assuming limited impact of thc above biases, the above results sug-
gest that sources of hindrances are limited and that in order to initiatc a
PIP, management support should be gained by addressing the économical
feasibility of PIPs. The awarcness should be enhanced at both the individ-
val and the organizational levels. The staff who are supposed to handle

the PIP should be well trained. Furthermore, the owners should put some
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incentives for the contractors to encourage them to initiate and implement
PIP. Some incentives may be in the form of sharing the profit accrued by
cost saving due to PIP usage in cost reimbursable contracts. The govern-
ment may enforce the implementation of PIP in government projects which

will result in more productivity and less project costs at the national level.
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4.4 Potential Areas for Productivity Improvement

In order to improve construction productivity, it is important not
only to remove hindrance, but also to focus on specific arcas or functions
with high potential to improve productivity . Therc are two types of such

areas. Hecad Office-Rclated Areas, and Sitc-Rclated Areas.
4.4.1 Head Office-Related Areas

Question C12 of the questionnaire lists ninc hcad office-related
areas. As mentioned in Scction 2.3.2, these arce the arcas which are taken
care of by the head office of thc company and may have an impact on
construction productivity . Respondents were asked to rate these areas for
their potential to improve construction productivity . Tablc 4.18 shows
these areas ranked in accordance with their potential to improve construc-
tion productivity . The mean responsc was uscd to rank the functions
where 5 = very high potential and | = very low potential. All these func-
tions can be considered as having a potential for productivity improve-
ment. The lowest function is the drafting with a mean responsc of 3.08,
and the highest function is the planning with a mecan response of 4.51.
Fig. 4.6 shows this result too. However, the level of potential to improve
productivity may be affected by the size of the construction firm. Contrac-
tors were classified into threc classes based on their annual construction
volume: small (less than SR. 50 million), medium (larger than SR. 50 mil-
lion but less than SR. 200 miilion), and large (morc than SR. 200 million).

This criteria was used because thc construction volumes of many
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contractors were found to be incompatible with their gradcs, e.g., a con-

tractor who is classified in second grade has a construction volume of SR 6

million.
. Table 4.18
“Headgquarters-Type” Functions Potential
to Improve Productivity [All Firms]
Mean* Standard
Functions Response | Deviation Rank

Planning 4.51 0.63 1
Scheduling 4.4 0.76 2
Procurement 4.07 0.88 3
Enginecring 3.78 0.84 4
Communication 3.55 0.89 5
Marketing 3.48 0.93 6
Specification 3.43 0.85 7
Estimating 3.40 0.93 8
Drafting 3.08 1.02 9

* (5 = very high, 1 = very low).

N = 55.
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Tables 4.19, 4.20 and 4.21 and Figures 4.7, 4.8 and 4.9 show that
scheduling is the arca with the highest potential for productivity improve-
ment for both medium and large size contractors while planning is the scc-
ond highest (with a slight difference) for the same two sizes. For small size
contractors, planning is the arca with the highest potential for productivity
improvement, whereas scheduling is the arca with the second highest

potential (with a slight difference).

Table 4.19

”Headquarters-Type” Functions Potential
to Improve Productivity [Small Firms)

Mean*

Functions Response Rank
Pl.anning 4.38 I
Scheduling 4.04 2
Procurement 3.88 3
Marketing 3.76 4
Eng.inccring 3.7 5
Communication 3.54 6
Specification 3.25 7
Estimating 3.13 R
Drafting 2.79 9

* (5 = very high, 1 = very low).
N =24




“Headquarters-Type” Functions Potential

Table 4.20

to Improve Productivity [Medium Firms}

Functions lz:l::::se Rank
Scheduling 4,75 ]
Planning 4.70 2
Procurement 4.30 3
Specification 3.94 4
Engineering 3.82 5
Estimating 3.67 6
Communication 3.67 6
Drafting 3.50 R
Marketing 3.46 9

* (5 = very high, I = very low).

N =23
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Table 4.21

#“Headquarters-Type” Functions Potential

to Improve Productivity [Large Firms]

Functions lxse;(:‘:se Rank
Scheduling 4.55 i
Planning 4.45 2
Procurement 4.09 3
Engincering 3.89 4
Estimating 3.55 5
Communication 3.36 6
Drafting 3.00 7
Specification 3.00 7
Marketing 2.90 9

* (5 = very high, 1 = very low).

N=28
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Areas with the lowest potential for productivity improvement arc
marketing for large and medium size contractors, and drafting for small

size contractors.

From the above results, planning and scheduling can be considered
as the two most important areas with potential to improve productivity ,
regardless of the size of the firm. This is not unexpected because planning
and scheduling are basically the heart of construction management. Pro-

curement is also important for all.

Marketing scored the lowest for large and medium size firms. This
may be due to the fact that bigger firms are well known in the market, so
there is not much potential for productivity improvement in marketing,
while in the case of small firms, marketing ranked fourth. This is because
small firms need to be known in the market in order to get more projects.
Another possible reason is the weak link between marketing and construc-

tion productivity .

In order to test and identify differences between different sizes,

DISCRIMINANT ANALYSIS was used.

The Discriminant Function Analysis (DFA) is a multivarite tech-
nique which helps to explain how groups differ. The basic mechanism of
this technique is to linearly combine a set of discriminant variables to cre-
ate functions which will produce maximally diffcrent group scores (SAS

USER GUIDE, 1982). In the setting of this rescarch, the groups are the
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three sizes of contractors and the discriminant variables are the arcas

(functions) of productivity improvement.

There are two stages of analyzing the output of the discriminant
analysis. The first stage is the sclection of the discriminant functions. This
can be done by reviewing the results shown in Tablc 4.22, where the fol-

lowing parameters can be observed.
1. Canonical correlation for function 1 = 0.650
2. Canonical correlation for function 2 = 0.454

This means that the degree of association between the three sizes
and (Canl and Can2) is relatively high which implics the sizes are differ-

ent.
Examining the Eigen Values:

- Eigen Value for function | = 0.732
- Eigen Value for function 2 = 0.260

Seventy four percent of the variance of the discriminating variables is
explained by function 1 while 26% of this variance is explained by func-

tion 2.

3. Square canonical correlation for function 1 = 0.422.

4, Square canonical correlation for function 2 = 0.206.

This indicates that the proportion of variation in the discriminant func-

tions is explained by the groups (Klecka, 1930).
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Wilk’s Lamda = 0.458. This indicates a modcratce level of discrimi-
nation between the groups with no cffect of sampling process (Klecka,
1980). The value of Lamda before any discriminant function is derived,
provides a measure for the discriminating power originally cxisting in the
discriminant variables. The smaller the value of Wilk’s Lamda, the more

the discriminating power (Klecka, 1980).
5. Percentage of Correct Classification:

A set of classification functions which predicts the classification
(size) of cvery subject is computed. This prediction is consequently com-
pared with actual membership in the form of percentage of correct classifi-
cation; the higher this percentage, the more successful is the discrimination
between the groups (Klecka, 1980). The classification results shown in
Table 4.23 indicate a reasonable correct classification rate since 61.64% of
the contractors utilized in this analysis were correctly classified in their

respective sizes.
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Table 4.23: Classification Results by Size

(Head Office-Related Areas)

Predicted Size*
Actual N Large Medium Small
Size
Large 6 3 0 3
(50.00)a 0.00 - 50.00
Medium 18| 3 14 |
16.67 (77.78)a 5.56
Small 21 7 2 12
33.33 9.52 (57.19)a
Percent of grouped cases correctly classified - 61.64%

* Extracted from SAS Output.

a: Percent of subjects correctly classified.

Figure 4.10 shows a plot of Canl and Can2. By designating the

centroid for each group, the discrimination can be obscrved. Can2 differ-

entiates between large firms and both small and medium firms, while Canl

differentiates between large, small, and medium firms.

From the above, it can be said that Canl is significant (Pr > F =

0.04). Thus, it is selected.
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The second stage in analyzing the output of the discriminant analy-
sis is to sclect the variables which contribute most to the discrimination
between the three sizes of firms. One approach is utilized for this purposc,

as follows:
Total Canonical Structure

In this approach, any variable with a coefficient of 0.3 or more
(regardless of the sign) is considered significant (Tabachnick and Fidell,
1983). Table 4.25 shows the total canonical structure. Canl is signifi-
cantly related to six variables (Productivity Arcas). Thesc areas are: Plan-

ning, Procurement, Scheduling, Drafting, Estimating and Spccifications.
The above mentioned variables are explained as follows:
Drafting

Shop drawings that are related to the job site works are required in
all projects. This makes drafting an important productivity area. Medium

firms, as shown in Table 4.20, tend to give drafting more importance.

Specifications

Clear specifications make the job casier which make it an area of
potential to improve productivity . Medium firms, as shown in Table 4.20,

give specifications more importance.
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Planning and Scheduling

Planning and scheduling are very esscntial for any job to be success-
ful and productive. Medium firms, as shown in Table 4.20, give planning

and scheduling more importance.
Procurement

Procurement of resources, in a timely manncr, is important for the -
success of a project. Medium firms, as shown in Table 4.20, tend to give

more importance to procurement.
Estimating

Large contractors bid in large projects with many items and vari-
ables which make the estimating more difficult and morc important to pro-
ductivity. The more accurate the estimate, thc better the chance of having
satisfactory productivity. Medium and large firms, as shown in Tables

4.20 and 4.21, give estimating more importance.
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HEADQUARTERS=TYPE FUNCTIONS
Canonical Discriminant Analysis

Total Canonicsl Structure

CANY
cie1 0.528376 PLANNING
c12_2 0.45u615 PROCUREMENT
cia_3 0.636329 SCHEDUL ING
cie_y 0.696995 DRAFT ING
cie 5 0.5622640 ESTIMATING
cie_6 0.580077 . SPECIFICATION
cie 7 0.049979 COMMUN I CAT |ON
cie_s 0.069736 ENGINEERING
ciz 9 =0.279350 MARKET ING

Table 4.25: Total Canonical Structure (Headquarter Type Functions)
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4.4.2 Site-Related Areas

QuestionA C13 of the questionnairc lists the arcas which are related
to the construction site and may have an cffect on productivity . These
arcas are listed in Section 2.3.2. They were extracted from a questionnaire
preparcd by Chromokos and McKee (1981) with some modifications to
suit Saudi construction , e.g., arcas related to regulations such as EPA,
OSHA, and EEO were omitted. Respondents were asked to rate these
arcas for their potential to improve construction productivity . Table 4.26
shows these areas ranked in accordance with their potential to improve
construction productivity . The mean response was used to rank the arcas,
where 5 = very high potential and | = very low potential. Figure 4.11

shows the same areas.

From Table 4.26 and Figure 4.11, it can be scen that all arcas
(functions) have the potential to improve productivity . However, by
dividing the areas. (functions) of Figure 4.11, into groups according to the
mean response received by each function, four groups can be recognized.
The first ranking group (mean response > 4.0) contains cost control,
supervision, materials delivery, labor motivation. equipment maintainabil-
ity, a.nd equipment utilization. These functions are spread into different
categories, i.e., management, materials, labor, and equipment. In other
words, there is no commonality between them. The second ranking group
(mean response 3.5 - 4.0) contains labor relations, materials product avail-

ability, labor training, labor quality contrel, labor availability, design
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improvement, equipment capacity, precast clements and methods. There is
no _commonality between these functions. The third ranking group (mean
rc§ponse: 3.0-3.5) contains matcrials prefabrication, materials standardiza-
tion, labor contract agrcement, labor turnover, labor recruitment, design
standard, systems cngincering, standard specification and pre-assemble
modulars. These functions belong mainly to labor and cnginecring/design
categories. The fourth ranking group (mcan response < 3.0) contains
materials storage, materials packaging. and materials new product which

all belong to the materials category.

As shown in Figure 4.12, by taking the average of each category, an
overall assessment of the main categories of the site related areas, for all
sizes of contractors can be made. It can be scen that cquipment-related
and management-rclated areas have the highest potential for productivity

improvement.

Taking the size of contractors into consideration, Tables 4.27 to 4.29
list all site-related arcas ranked according to their potential to improve pro-
ductivity . The mean responsc was used to rank the arcas, where 5 = very
high potential and | = very low potential. Figures 4.13 (0 4.15 show the

same information graphically.



Table 4.26

Site-related Areas Potential to Improve Productivity (All Firms)

Functions Mean* Standard Rank
Response | Deviation

Management
Labor Reclations 3.71 0.67 12
Cost Control 4.3] 0.70 5
Supervision 4.54 0.61 3
Materials
Delivery 4.58 0.60 1
Storage 2.93 1.0R8 25
Packaging 2.50 1.05 27
Prefabrication 3.39 0.95 17
Standardization 3.18 0.91 20
Product availability 3.60 1.00 14
New product 2.82 0.5 26
Labor
Contract agrcement 3.48 0.72 16
Training 3.75 0.83 11
Quality control 3.90 0.85 9
Turnover 3.30 0.9] 18
Availability 3.62 1.08 13
Recruitment 3.18 0.91 20
Motivation 4.51 0.57 4
Engineering & Design
Design Standards 3.18 1.13 20
Design Improvement 3.59 1.12 15
Systems Enginecrin 3.04 1.09 24
Standard Specification 3.27 0.96 19
Equipment
Capacity 3.98 0.59 7
Maintainability 4.11 0.74 6
Utilization 4.56 0.74 2
Construction Techniques
Precast cicments 3.78 0.46 10
Pre-Assemble Modulars 3.10 1.09 23
Methods 398 0.76 7

* (5 = very high, 1 = very low).
N = 55.
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Table 4.27

Site-related Areas Potential to
Improve Productivity (Small Firms)

Functions Mean* Rank
Response

Management
Labor Relations 3.70 10
Cost Control 4.17 5
Supervision 474 1
Materials
Delivery 442 3.
Storage 2.71 25
Packaging 241 27
Prefabrication 3.24 19
Standardization 3.14 20
Product availability 3.65 11
New product 2.62 13
Labor
Contract agreement 3.30 IR
Training 3.59 14
Quality control 3.87 7
Turnover 3.32 17
Availability 3.46 15
Recruitment 3.08 21
Motivation 4.42 3
Engineering & Design
Design Standards 3.00 23
Design Improvement 3.45 16
Systems Engincerin 2.90 24
Standard Spccification 3.05 22
Equipment
Capacity 3.92 6
Maintainability 3.79 8
Utilization 4.46 2
Construction Techniques
Precast elements 3.65 11
Pre-Assemble Modulars 2.65 26
Methods 3.76 9

* (5 = very high, 1 = very low).
N = 24,
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Table 4.28

Site-related Areas Potential to
Improve Productivity (Medium Firms)

Functions Mean* Rank
Response

Management
Labor Relations 3.78 13
Cost Control 4.50 4
Supervision 4.35 6
Materials
Delivery 4.80 1
Storage 3.2] 23
Packaging 2.88 27
Prefabrication 3.65 17
Standardization 3.17 24
Product availability 3.83 11
New product 3.11 26
Labor
Contract agreement 3.70 16
Training 3.75 14
Quality control 4.11 8
Turnover 3.60 IR
Availability 390 9
Recruitment 3.4] 22
Motivation 4.60 2
Engineering & Design
Design Standards 3.56 19
Design Improvement 3.72 15
Systems Engincerin 3.13 25
Standard Specification 3.44 21
Equipment
Capacity 3.90 9
Maintainability 4.50 4
Utilization 4.60 2
Construction Techniques

- Precast elements 3.79 12
Pre-Assemble Modulars 3.47 20
Methods 4.21 7

* (5 = very high, 1 = very low).
N = 23,
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Table 4.29

Site-related Areas Potential to
Improve Productivity (Large Firms)

Functions Mean* Rank
Response

Management
Labor Relations 3.64 12
Cost Control 4.27 5
Supervision 4.45 4
Materials
Delivery 4.55 2
Storage 291 23
Packaging 2.09 27
Prefabrication 3.27 17 -
Standardization 3.27 17
Product availability 3.09 21
New product 2.73 25
Labor
Contract agreement 345 14
Training 4.09 7
Quality control 3.64 12
Turnover 2.73 25
Availability 345 14
Recruitment 3.00 22
Motivation 4.55 2
Engineering & Design
Design Standards 2.89 24
Design Improvement 3.67 11
Systems Engincerin 3.22 20
Standard Spccification 344 16
Equipment
Capacity 4.27 5
Maintainability 4.09 7
Utilization 4.73 1
Construction Techniques

. Precast clements 4.00 9
Pre-Assemble Modulars 3.27 17
Methods 4.00 9

* (5 = very high. | = very low).
N = 8.
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By dividing the arcas (functions) of Figurc 4.13 (small firms) into
groups according to the mean response reccived by cach function, four
groups can be recognized. The first ranking group (mean response > 4.0)
contains cost control, supcfv‘ision, material delivery. labor motivation, and
equipment utilization. These functions are spread over different categorics,
i.e., management, materials, labor and equipment. In other words, there is
no commonality between them. The sccond ranking group (mean
response: 3.5-4.0) contains labor relations, product availability, labor train-
ing, labor quality control, equipment capacity, equipment maintainability,
precast elements, and. methods. These functions belong to different catego-
rics and have nothing in common. The third ranking group (mecan
response: 3.0-3.5) contains materials prefabrication, materials standardiza-
tion, labor contract agrcement, labor turnover, labor availability, labor
recruitment, design improvement, and standard specification. These func-
tions mainly belong to the labor category. The fourth ranking group
(mean response < 3.0) contains materials storage, materials packaging,
materials new product, design standard, systems engincering, and pre-as-

semble modulars. These functions mainly belong to materials catcgory.

The same grouping can be made with arcas (functions) of Figure
4.14 (medium firms), where the first ranking group (mean response > 4.0)
contains cost control, supervision, materials delivery, lahor quality control,
labor motivation, equipment maintability, equipment utilization, and meth.
ods. These functions belong to different categorics. The second ranking

group (mecan response: 3.5-4.0) contains labor relations, materials
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prefabrication, product availability, design standard, design improvement,
cquipment capacity, and precast elements. These functions belong to dif-
ferent categorics. The third ranking group (mean response: 3.0-3.5) con-
tains materials storage, standardization, new products, labor recruitment,
systems enginecring, standard spccification, and pre-assemble modulars.
These functions mainly belong to materials and engincering/design catego-
rics. The fourth group (mean response < 3.0) contains onc function which

is materials packaging.

FFunctions of Figure 4.15 (large firms) can be grouped in the same
manner, where the first group contains cost control, supervision, materials
delivery, labor training, motivation, cquipment capacity, maintainability,
and utilization. All equipn;cnt related functions arc contained in this
group which stresses the importance of equipment for large contractors,
the second group (mean response: 3.5 - 4.0) contains labor relations, labor
quality control, design improvement, precast clements, and methods.
These functions belong to different categorics. The third group (mean
response 3.9-3.5) contains materials prefabrication, standardization, prod-
uct availability, labor contract agreement. labor availability, systems engi-
t.necring, standard specification, and pre-assemblec modulars. These func-
tions belong to different categories. The fourth group (mean response <
3.0) contains materials storage, packaging, new products. labor turnover,
labor recruitment, and design standards. These functions mainly belong to

material and labor categorics.

Figures 4.16 to 4.18 show the ranking of the main categorics of the
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site related areas according to contractor size. All the three graphs ranked
the six main categories almost similarly. All graphs rank Management and
Equipment as top (ranked cither 1 or 2), Labor and Construction Tcch-
niques as middle (ranked 3 or 4), and Matcrial and Engincering/Design as

lowest (ranked 5 or 6).
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To investigate the differences between the groups by a more detailed
method, DISCRIMINANT ANALYSIS was utilized. Table 4.30 summa-
rizes the results of the Discriminant Analysis for site-related functions.
The first stage in analyzing these results is to sclect the discriminant func-

tions. The following parameters can be observed from Table 4.30:
1. Canonical correlation for function 1 = 0.958.
2. Canonical corrclation for function 2 = 0.856.

This means that the degree of association hetween the three sizes
and (Canl and Can2) is very high, which implies the three sizes are differ-

ent.

Examining Eigen Values:

11.336.
2.747.

- Eigen Value for function 1

- Eigen Value for function 2

Eighty percent of the variance of the discriminating variables is
explained by Function 1 while 20% of this variance is explained by Func-

tion 2.
3. Square Canonical Correlation for Function | = 0.918.
4. Square Canonical Correlation for Function 2 = 0.733.

‘This indicates that the proportion of variance in the discriminant

functions is explained by the groups (Klecka, 1980).
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Wilk’s Lamda = 0.021. This small valuc indicates a high level of
di.écrimination between the groups with no cffect of sampling process
(Klecka, 1980). The value of Lamda before any discriminant function is
derived. provides a measure for the discriminating power originally cxisting
in the discriminant variables. The smaller the value of Wilk’s Lamda, the

more the discriminating power (Klecka, 1980).
5. Percentage of Correct Classification:

Similar to that of Scction 4.4.1, the classification rcsuils shown in
Table 4.31 indicate a very high correct classification rate: 93.06% of the
contractors utilized in this analysis were correctly classificd. in their respec-
tive sizes. This means that the discrimination between the groups is highly

successful (Klecka, 1980).



Table 4.31: Classification Results by Size*
(Site-Related Areas)

Predicted Size

Actual N Large Medinm Small
Size
Large 8 7 0 i

(R7.50)a 0.00 12.50
Medium 23 0 23 0

0.00 (100.00)a 0.00
Small 24 0 2 22

0.00 R.33 (91.67)a
Percent of grouped cases correctly classified - 93.06%

a: Percent of subjects correctly classificd.

* Extracted from SAS Output.

Figurc 4.19 shows a plot of Canl and Can2. By dcsignating the
centroid for cach group, the discrimination can be observed. Can2 differ-
entiates between large firms and both small and medium firms. while Canl

differentiates betwceen large, small, and medium firms.

From the above, it can be said that Cant is significant (Pr > F =

0.01). Thus, it is sclected.
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The second stage in analyzing the output of the discriminant analy-
sis is to select the variables which contribute most to the discrimination
between the three sizes of firms. As mentioned in Scc. 4.4.1. one approach

is utilized for this purpose, as follows:

Total Canonical Structure

In this approach, any variable with a coefficient of 0.3 or more
(regardless of the sign) is .considcrcd significant (Tahaéhnick and Fidell,
1983). Table 4.33 shows the total canonical structure. . Canl is signifi-
cantly related to six variables ( productivity arcas). These arcas are: super-
vision, materials dclivery, materials new product. labor availability, pre-as-
semble modulars and equipment maintainability. The above mentioned

variables are explained as follows:
Supervision

Supervision is a management-related area which has a potential for
productivity improvement. Small firms, as seen from Table 4.27, tend to

give supervision more importance.
Materials Delivery

The delivery of materials to the job sitc in a timely manner is essen-
tial to keep things going and maintain high productivity Ievel. This neces-
sity becomes more crucial in large projects where so many types of materi-

als in huge quantity are neceded. Medium firms, as shown in Table 4.28,
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give materials delivery more importance.

Materials New Products

Large projects are more likely to include new products or materials
which may not be availablc‘ in the local market and have 10 be imported
from outside the Kingdom. If these new products are not brought at the
right time, this will cause delays and cost incrases which means lower pro-
ductivity. Medium firms, as shown in Tablc 4.28, give materials new prod-

ucts more importance.
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Equipment Maintainability

Larger contractors make use of equipment more than small contrac-
tors do. This gives equipment maintainability more potential for produc-

tivity improvement for larger contractors.
Labor Availability

Labor availability may be a problem for small size contractors. since
small contractors tend to kcep small numbers of workers. dn the other
hand, large contractors tend to keep large numbers of workers. Their
resources are so huge and the duration of their projects is so long that they
can manage to get labor from outside the Kingdom. They usually keep
spare visas, (o be used when needed, without going throughthe time con-

suming process of securing visas.
Pre-assembled Modulars

This productivity area is given more importance by medium firms.
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4.5  Possibility of Establishing Productivity Improvement Programs (PIP)

In this part, the possibility of establishing Productivity Improvement
Programs is assessed and many organizational as well as project considera-
tions are discussed. This is done for those contractors who have PIP’s and

those who do not have PIP’s.
4.5.1 Companies That Have PIP’s

Full scale productivity departments arc practically non-cxistent in
construction firms in Saudi Arabia and the majority of contractors do not
give any significant attention to productivity . Therefore, in order to dis-
tinguish contractors who do pay some attention to productivity related
issues, from those who do not, the use of various productivity measure-
rﬁent methods which is a major part of any productivity improvement pro-
gram. That is, any company which implements onc or more of the produc-
tivity measurement methods, other than cost reporting and control system,
is considered to have a productivity program. The cxclusion of cost report-
ing and control system is made because of its wider use for purposes not
related to productivity improvement. This liberal definition was necessary
in order to make the differentiation among the contractors who in gencral

do not have a PIP in the strict meaning of PIP.

4.5.1.1 Size of Productivity Staff
The productivity staff are the pcople within the company whose

time is devoted fully or partially to productivity rclated matters. In this
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study, the number of full time staff ranged between 0 and 30, and part
time staff between 0 and 25. A total of 17 respondents answered the
question regarding the size of productivity staff, out of which 14 answered
the question regarding both full time and part-time staff; two respondents
answered only regarding full time staff, and one answcred regarding part-
time staff. A summary of rcsults is shown in Tables 4.34 and 4.35. Onc
respondent reported that his full-time productivity staff is 30 employees
while 4 respondents reported that their part-time productivity staff is 25
employces; which is obviousl& too high, possibly caused by a too liberal

definition, on the respondents side, of productivity staff,

Scventeen respondents (30% of all the fifty-five respondents) said
that thcy have some kind of productivity staff. This may indicate that
there is a lack of adoption and implementation of Productivity Improve-
ment Programs. It shows limited organizational commitment to the area of

productivity .
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Table 4.34 : Full Time Productivity Staff

Number of Frequency Percent
Employees
0 2 12.5
1 2 12.5
2 1 6.3
3 2 12:5
4 5 315
5 3 18.8
30 | 6.3

Table 4.35 : Part Time Productivity Staff

Number of Frequency Percent
Employees

0 4 26.7

4 1 6.7

5 2 13.3

6 4 26.7

25 4 26.7
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4.5.1.2 Responsible Part of the Organization

In question C2 of the questionnaire , the part of organization which

takes care of productivity is investigated. The resuits are shown in Table

4.36.

Table 4.36: Part of Organization Responsible for Productivity

Part of Organization Frequency Percent
Studies & Planning Department 15 83.3
Productivity Department 0 0
Site Management 3 16.7
Technical Department 0 0
Other 0 0

As can be seen from the Table above, out of 18 respondents who
answered this question, 15 indicated that the Studics and Planning Depart-
ment takes carc of productivity . The other 3 indicated that the site man-
agement is the part of organization‘rcsponsiblc for productivity . None of
the respondents indicated that they have a scparate department solely
devoted to productivity related matters which suggests that, even among
contractors who have PIP, management commitment to and awareness of
productivity needs to be enhanced so that Productivity Improvement

Departments can be created.
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4.5.1.3 Who Conducts P1P

Question C7 of the questionnaire , acquires information regarding
who conducts productivity programs in companics which alrcady have
them. Out of 20 respondents who answercd this question, 16 (R0%) of
them said that it is handled by in-housc staff. None of them sought the
help of a consultant to handle productivity related issues alone. This indi-
cates that consuitants who arc supposed to have more qualified staff with
updated knowledge, are not involved in productivity rclated activitics
which consequently raises the need for the consultant’s role in productivity
improvement efforts especially in the case of contractors who want to initi-

ate PIP.
4.5.1.4 Pay-Off

Questions C4 and C3 aimed at investigating the minimum accepta-
ble pay-off ratio (Benefit/Cost ratio), for the money spent on improvement
programs and the average pay-off ratio actually realized by applying PIP’s
in companies which have them. Table 4.39 shows minimum and achieved
pay-off ratios for all respondents (with PIP). Both the lowest minimum
acceptable pay-off ratio and the lowcest pay-off ratio actually achicved by
companies who have PIP’s are 2:1. Forty onc percent of those who have
PIP’s achicved a 2:1 ratio and 23.5% achicved a 9:1 ratio, which is quite
high and encouraging. However, therc may be some bias because of the
trend that those who have PIP arc the oncs who had previous financial

success in these programs (achieving payoff > minimum acceptable), while
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contractors with less successful experience (payoff < minimum acceptablc)
arc not included in the data. Four respondents (24%) achieved less than
their minimum acceptable ratio. A possible interpretation of this is that
the reliability of respondents’ data is not high. Another possible interpre-
tation is that anticipated (expected) payoff is different from actual, i.e. the
contractor starts PIP based on the initial estimate of payofl greater than
minimum acceptable, but after the program is completed actual payofT is
less than minimum. None of the respondents said that he had lost by
applying a PIP. These results indicate the financial feasibility of applying |
PIPs.



Table 4.39: Minimum Acceptable And Achieved Pay-off Ratio for

Each Respondent (With PIP)

Minimum Fre- Achieved
Acceptable Ratio quency Ratio

- 1 2:1
2:1 2 2:1
2:1 2 4:1
2:1 2 9:1
2:1 1 4:1
2:1 1 5:1
3:1 1 8:1
3:1 2 2:
3:1 1 5
4:1 2 2:1
8:1 2 9:1

17.
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4.5.1.5 Project Considerations

In question C6, project parameters were investigated as to their rela-
tive importance to the suitability of PIP for different projects. Investigated
parameters were: project size, type, complexity, duration, and ownership.
Each parameter was further subdivided into various categorics. The
respondents were asked to state their level of agreement with cach category
as being a feature of the project for which PIP would be most suited. The
results are summarized in Table 4.40. These results show that the over-
whelming majority of respondents agreed,strongly agreed that construction
projects, regardless of their attributes (parameters) are suitable for PIP.

However, the relative importance of these attributes differ as follows:

Size: All respondents strongly agreed that large size projects (above
SR 200 million) are most suited for PIP. Mcdium size projects (between
SR 50 and 200 million) reccived 66.7% “Strongly Agree” and 33.3%
“Agrec”, while small size projects (bclow SR 50 million) reccived 38.1%
“Strongly Agree”, 42.9% “Agree” and 19% “Neutral”. The mean responses
for the three sizes (large, medium, and small) arc 1.00, 1.33, and 1.81

respectively, the lower the score the higher the level of agreement.

The size is found to be positively and moderately corrclated with the
level of agreement (r = 0.55, P < 0.001), which mecans the larger the size

of a project, the higher the level of agrcement.
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From the above results, it can be deduced that the larger the size of
a project the more suitable PIP is to that project. This may be due to the
great potential for saving in larger projects and also duc to the fact that
larger projects involve bigger amounts of capital investment which makes

the cost of PIP relatively lower.

Type: 77.8% of the respondents strongly agreed that industrial type
projects are most suited for PIP, while 11.1% agrced and 11.1% were ncu-
tral. Building type of projects received 50% “Strongly Agree” and another
50% “Agree” answers. Finally, engincering type of projects got 55.6%
“Strongly Agree”, 33.3% “Agree”, and 11.1% “Ncutral” responses. The
mean responses of the industrial, building, and engincering types of project
are 1.33, 1.50, and 1.56 respectively. (The lower the mean score the higher

the level of agreement).

Although the previous results show that the industrial projects are
the most suited for PIP (based on the mecan response), the results of
ANOVA, as shown in Appendix C, indicate that the variation of the level
of agreement is found to be unaffected by different project types (R2 =
0.02, NS) All types are in the agreement zone (mean response less than
1.56). This indicates that PIP is suitable for all projects regardless of the
type.

Complexity: Projects of high complexity received the highest level of
agreement (mean response = 1.25). Eighty five percent of the respondents

strongly agreed, while 5% agreed and 10% were ncutral. Projects of
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medium complexity received the second highest level of agreement (mean
response = 1.60). Forty percent of the respondents strongly agreed while

60% agreed. Projects of low complexity got the lowest Ievel of agreement

(mean response = 1.8). Forty percent of the respondents strongly agreed
whercas 40% agreed and 20% were ncutral.
It was found that complexity is slightly positively corrclated with the

level of agrecment (r = 0.35, P < 0.01).

The aforcmentioned results show, to some extent, that the higher the
complexity of a project the more suitable it is for PIP. This is because a
more complex project has more productivity related problems and more

potential for improvement.

Duration: Long projects had the highest level of agreement (mean

response = 1). All the respondents strongly agreed. Projects of medium

duration secured the second highest level of agreement (mean response =
1.45). Sixty five percent of the respondents strongly agreed while 25%
agreced and 10% were neutral. Projects of short duration got the lowest
level of agrccrﬁcnt (mean response = 2.25). Thirty-five percent of the
respondents strongly agreed while 25% agrecd whercas 30% were ncutral
and 10% strongly disagreed.

The duration is found to be positively and modecrately correlated

with the level of agrcement (r = 0.57, P < 0.001).

These results suggest that long projects are more appropriate for
PIP than short projects. This may be due to the fact that long projects

have enough time for PIP to be developed and implemented.
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Ownership: Government owned projects got higher Ievel of agree-
ment (mean response = 1.2). Eighty five percent of the respondents
strongly agrced while 10% agreed and 5% dcclarcd ncutrality. Privately
owned projects came second (mean response = 1.45). Fifty five percent
strongly agreed and 45% agrecd. However, as shown in Appendix C, the
results of ANOVA indicate that the variation of the level of agreement is

found to be unaffected by different project owners (R2 = .05, NS).

Although the aforementioned project parameters received different
levels of agreement, they are still in the agrcement zone (mean response
less than 2.50). This may imply that all projects; of all sizes, types, com-

plexitics, durations, and owners are eligible for PIP.
4.5.1.6 Plans for Future PIP

Ouestion C5 sought information regarding the contractors’ plans for
future PIPs. Of the seventeen contractors having PIP, only onc respondent
said he would stay at the current level of PIP in the future. The remaining
16 respondents mentioned that they will increasc their use of PIP. This is
expected since the payoff ratios arc encouraging as mentioned in Section

4.5.14.
4.5.2 Companics that do not have PIP

The issues concerning the establishment of PIP as perceived by
those respondents whose firms do not have PIP are presented in the follow-

ing sections.
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4.5.2.1 Possibility of Establishing PIP

Scventy percent of those who do not have PIP stated that they arce
planning to introduce PIP in their companics’ construction projects in the
future, while 30% of them said they arc not planning to do so. Eighty per-
cent of those who are planning to make usc of PIP said that they would do

so within the next one or two years or in their next project.

The above results indicate that quite a large percentage of those
who do not have PIP are willing to introduce such programs in their
projects in the ncar future. This is a good sign, howcver, some of those
(25%) told this rescarcher that the interview had cither initiated or
increased their awareness of PIP and that they would consider such pro-
grams in the future. This suggests that the awarcness of PIP can play an

instrumental role in adopting PIPs.
4.5.2.2 Pay-Off

Question C9 sought to collect information regarding the minimum
acceptable pay-off ratio (benefit/cost ratio) desired by contractors who do
not have PIP if they are to introduce it. The results of the answers to this

question arc displayed in Table 4.41.
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Table 4.41: Minimum Acceptable Pay-Off Ratio for Contractors who do not

have PIP
Pay-off Ratio Frequency Percent
2:1 5 26.3
31 | 579
5:1 2 10.5
7:1 1 53

As can be observed from the above mentioned Table, no onec is
ready to accept a pay-off ratio less than 2:1, which is the same as in Table
4.39. The average paypoff from Table 4.41 is 3.16:1 while that from Tablc
4.39 is 3.38:1 which are approximately similar. There is also quite a large
percentage (84.2%) of the respondents who accept payofT less than 3:1
while in Table 4.39, it is 75%. This suggests that those who have experi-
enced the use of PIP ask for relatively more payoff which means that they
have realized a higher payoff in the past. It also means that the clear

majority of contractors view 3:1 as a very attractive return.
4.5.2.3 Who is to Conduct PIP

Question C11 asked contractors who do not have PIP’s about who
is to conduct PIPs in their projects if they introduce them. Out of the 27
respondents who answered this question, 16 (59.3%) said it is to be han-

dled by in-house staff, while 9 (33.3%) said it is to be conducted by both
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consultants and in-house staff. Only 2 (7.4%) said that they would hire a
consultant to do it for them. This indicates, as in Section 4.5.1.3, the con-
sulants, who are supposed to have more qualificd staff with updated
knowledge, nced to be involved in productivity improvement cfforts, espe-

cially in the case of contractors.who want to initiatc PIP.

4.5.2.4 Project Considerations

Project parameters arc investigated in this section in the same way
as was donc in Section 4.5.1.5. Each respondent was requested to indicate
his level of agrecement with cach category as being a feature of the project
for which PIP would be most suited. The results are summarized in Table
4.42. These results show that the overwhelming majority of respondents
agreed/strongly agreed that construction projects, regardiess of their attri-
butes (parameters), are suitable for PIP. However, the relative importance

of thesc attributes differs as follows:

Size: Large sized projects (above SR 200 million) reccived 82.4%
“strongly agrec” and 17.6% “agree” with a mcan response of 1.18.
Medium size projects (between SR 50 and 200 million) received 60.6%
“strongly agree” and 39.4% “agree” with a mean responsc of 1.39. Small
size projects (less than SR 50 million) got 21.2% “strongly agrec”, 51.5%

“agree”, and 27.3% “ncutral” with a mecan responsc of 2.06.
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The size is found to be positively and moderately correlated with the
level of agreement (r = 0.54, P = 0.0001), which means the larger the size
of a project, the higher the level of agreement is. Thesc results are similar
to those of Section 4.5.1.5. This reconfirms the conclusion that larger

projects are more suited to PIP application.

Type: The engineering type of projects secured 55.2% “strongly
agree” and 44.8% "agrce” with a mean response of 1.45. The building type
of projects got 58.8% “strongly agrec”, 32.4% “agree”, and 8.8% “ncutral”
with a mean response of 1.5. The industrial type of projects received
45.5% “strongly agrec”, 45.5% “agrec”, and 9.1% “ncutral” with a mean

responsc of 1.64.

These results show that the engineering type of projects sccured the
highest level of agreement, while the building type got the second highest
level of agreement, and the industrial type of projects received the lowest
level of agreement. However, as in the case of contractors who have PIP.,
the variation o°f the level of agreement, as the results of ANOVA which arc
presented in Appendix C indicate, is found to be unaffected by different
project types (R? = 0.016, NS). In gencral, all types of projects are in the
agreement zone (mean response < 2.5). This indicates, as in the case of

those who have PIP, that PIP’s are suitable for all types of projects.

Complexity: Projects with high complexity received 59.4% “strongly
agree”, 25% "agree”, 3.1% “neutral”, and 12.5% “disagree” with a mcan

response of 1.69. Projects with medium complexity secured 42.4%
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“strongly agree”, 39.4% “agree”, and 18.2% “ncutral” with a mean
response of 1.76. Low complexity projects got 30% “strongly agree”,
43.3% "agree”, 23.3% “ncutral”, and 3.3% “disagrec” with a mean

response of 2.00.

It was found that complexity is weakly corrclated with the level of
agreecment (r = 0.20, P = 0.05). This is somewhat different from the case

of those who have PIP. This difference may be duc to the fact that those

who have PIP had some previous expericnce with PIP to build their views

on, while this is not the case with those who do not have PIP.

Duration: Projects of long duration reccived 67.6% “strongly agree”,
20.6% "agrec”, and 11.8% “ncutral” with a mecan rcsponse of 1.44,
Projects of medium duration got 20.6% “strongly agrec”, 70.6% “agree”,
and 8.8% “neutral” with a mean response of 1.8R. Projects of short dura-
tion got 9.4% “strongly agree”, 34.4% "agrce”. 46.9% “ncutral”, and 9.4%

“disagree” with a mcan response of 2.56.

The duration is found to be positively and moderately correlated
with the level of agreement (r = 0.56, P < 0.001). This suggests, as in the
case of those who have PIP (r = 0.57, P < 0.001) that the longer the

duration of a project the more suited PIP is for that project.

Ownership: Government owned projects reccived 67.6% “strongly
agree”, 26.5% ”"agrec”, and 5.9% “ncutral” with a mean responsc of 1.38.
Privately owned projects had 38.2% “strongly agree” 41.2% “agree”, 14.7%

“neutral”, and 5.9% “disagree” with a mean responsc of 1.88.
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As presented in Appendix C, the results of ANOVA indicate that
ten percent (R?2 = 0.10, P < 0.01) of the variation in the level of agree-
ment is explained by the prsence of different project owners, while in the
case of contractors who have PIP there was no relationship. Although the
relationship anticipated by those who do not have PIP is weak (R2 = (.1),
the difference may be due to their perception of government owned
projects as being larger in size and number which makes them better can-

didates for improvement and savings on the national scalc.

A correlation between the mean responses of those who have PIP
(Table 4.40) and those who do not have PIP (Tablc 4.42) was run to sce
the level of agrecement between the two groups. The responses of the two
grou.ps were found to be highly correlated (r = 0.88, P < 0.001) which

indicates a high level of agrcement between these two groups.

From the results of both sections 4.5.1.5 and 4.5.2.4, it can be con-
cluded that productivity improvement programs arc suited to all kinds of
projects. However, PIP’s are most suited to projects which arc large, and
of long duration. It is also concluded that PIPs arc more suited - to a
lesser degree - to projects which are of high complexity, and government

owned.
4.6 Modeling Productivity Improvement Environment

Based on results and findings of this rescarch, guidelines can be set
to help contractors in establishing productivity improvement programs.

These guidelines can be stated as 4 stages of implementing Productivity
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Improvement Programs:

Stage 1: Commitment and Awareness

A. Gain management support by addressing economic feasibility, and
enhance productivity awarencss by Icarning about mcasurement
methods.

B. Management commitment should lead to recruiting qualified per-

sonncel necded to run PIP.

Stage 2: Measuring Productivity
A. Determine areas of productivity improvement. These arcas are
cither site related or hcad office related. The arcas are further

determined according to the firm size.
B. Measure productivity using different measurement methods.
Stage 3: Evaluate Measurement Results Using Productivity Records Data

A. Determine problem areas.

B. Determine causes of problems.

Stage 4: Take Corrective Actions.
The above guidelines are presented in Figure 4.20 as a flow chart.
Numbers mentioned at the bottom of cach box arc section numbers of the

thesis where detailed discussions can be found.
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CHAPTER 5

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1 SUMMARY

Productivity in construction is a problem that nceds to be
investigated and studied scriously. This study investigated and studied
many construction productivity related issues in Saudi Arabia, i.e.,
productivity awarencss among construction contractors, the applicability of
different productivity measurement methods, the obstacles which hinder
the use of Productivity Improvement Programs, arcas and functions which
have high potential for productivity improvement , and the possibility of

establishing construction productivity improvement programs .

This study was limited to large building contractors in Saudi
Arabia. Personal interviews were conducted with 55 randomly selected
contractors. Productivity questionnaires concerning the issues mentioned
above were filled out during these interviews. The data extracted from

these questionnaires was analyzed using the SAS Package.
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5.2 Findings and Conclusions

Findings and conclusions of the study are presented as follows:

5.2.1 Productivity Awareness

Respondents do not have a unified conceptualization of

productivity.

There is a common agrecment among building construction
contractors that therc is a productivity problem manifested by low

productivity .

Project cost and project duration arc found to be the most
ncgatively affected attributes by low productivity , while project

quality is the least affected attribute.

Construction workers’ productivity is perccived by respondents to be
the most unsatisfactory arca of productivity while office
management productivity is perceived to be the least unsatisfactory

area.

Documentation and keeping of productivity records and their reuse
in preparing estimates is not fully utilized. Contractors depend on

experience-based judgement in preparing cstimates.

5.2.2 Productivity Measurement Methods

The Cost Reporting and Control System (CRCS) is practically the



140
only productivity measurement and improvement mecthod that
respondents are familiar with. Larger companics tend to be more
familiar with non-traditional productivity measurement and

improvement methods.

The Cost Reporting and Control System (CRCS) is the most
popular and utilized method of measuring and improving
productivity . The popularity of all methods was found to be

correlated with their familiarity.

The Cost Reporting and Control System is ratcd by respondents to
be the most refiable, effective, and comprehensive productivity
measurcment method. It is also rated as the most demanding on
trained personnel and data processing, the most time consuming,

and the most costly method.

5.2.3 Hindrances to Productivity Improvement Programs (PIP)

The four most important factors perccived as hindrances to
Productivity Improvement Programs (PIP) are: the lack of
management support, the lack of awarencss among contractors, the
lack of trained personnel, and thg fact that contractors have never

been asked by owners to implement PIP’s for additional incentives.

5.2.4 Potential Areas for Productivity Improvement

Planning and scheduling are found to be the most important Head

Office-related areas with potential to improve productivity ,
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regardless of the size of firm.

Marketing is rated by large and medium size contractors as the least
important Head Office-related area with potential to improve
productivity , while it is rated by small size firms to be the fourth

most important arca.

When rating the Head Office-rclated arcas for their potential to
improve productivity , the arcas that have been found to be the
most important discriminators between the three sizes of contractors
arc drafting, specification, planning, scheduling, procurcment and

estimating.

In site-related areas, materials delivery has the highest potential to
improve productivity , then come equipment utilization, supervision,
and labor motivation in the sccond, third, and fourth ranks
respectively. From a main group’s prospective, management-related
and equipment-related areas have the highest potential for

productivity improvement.

Supervision has the highest potential to improve productivity for
small contractors, while materials delivery showed the highest
potential for medium contractors, whereas cquipment utilization
turned out to be the area with the highest potential for large

contractors. Packaging of materials is the arca with the lowest

~ potential for productivity improvement for all sizes of contractors.

Management-related areas have the highest potential for
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productivity improvement for small sizc contractors, while
equipment-related areas have the highest potential for productivity

improvement for medium and large contractors.

When rating the site-related arcas for their potential to improve
productivity, the areas that have been found to be the most
important discriminators between the three sizes are supervision,
materials delivery, materials new products, labor availability,

equipment maintainability and pre-assemble modulars.
Possibility of Establishing Productivity Inprovement Programs

Only 21 out of 55 respondents declared that they have some kind of
Productivity Improvement Programs. This may indicate that there
is a lack of adoption and implementation of Productivity

Improvement Programs.

The Studies and Planning Decpartment is the part of the
organization which takes carc of productivity in most of the
compan}cs which have PIP. None of the respondents indicated that
they have a scparate department solely devoted to productivity

related matters.

Most of the companies that have PIP stated that productivity is

handled by in-house staff.

Almost half of those who have PIP’s achicved 2:1 pay-off ratio and

another quarter of them achieved 9:1 pay-off ratio, which is



encouragingly high.

Around one quarter of thosc who have PIP’s achicved less than
their minimum acceptable pay-off ratio. But, none of them said
that he had lost by applying a PIP. This indicatcs the economic
feasibility of applying PIP’s.

None of the respondents, both those who have and thosec who do

not have PIP, is willing to accept a pay-off ratio less than 2:1.

The overwhelming majority of the contractors who have PIP

mentioned that they would expand their use of PIP.

The majority of the respondents who do not have PIP stated that
they are planning to introduce PIP in their companics’ construction
projects in the future. Some of thosec, as this rescarcher was told,
had their awareness of PIP cither initiated or increased by the

interviews conducted in this study.

Productivity Improvement Programs are found to be suited to all
types of projects. Productivity Improvement Programs are most
suited for projects which are large, and of long duration. PIPs are
morc suited - to a lesser degree - to projects which are of high

complexity, and government owned.
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5.3 RECOMMENDATIONS

1. Research institutions in the Kingdom should carry out in-depth
studics aimed at improving construction productivity . Contractors
should contribute to these studies by both providing funding and

releasing the necessary information.

2. Contractors should be made awarc of the importance of
construction productivity records, not only for PIP but also for cost

estimates.

3. - In building construction , which is labor-intensive, the productivity

of construction workers needs to be given spccial attention.

4. When trying to improve construction productivity , attention must
be focused on various areas. Of the Hcad Officc-related areas,
planning and scheduling should reccive thc most attention. Of the
site related arecas; management and cquipment-related arcas should

receive the most attention.

5. In order to initiate PIPs, productivity awareness must be publicized
and promoted at both the individual and organizational levels.
Publications, seminars, and other possible means may be utilized for

this purpose. Universities can play a key role in this regard.

6. Project owners should offer some incentives to contractors to
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encourage them to initiate and implement PIP. An incentive may
be in the form of sharing the profit gained by cost savings, duc to

PIP utilization in cost reimbursable contracts.

Consultants who offer construction management services should get
morc involved in productivity improvement activitics especially in

helping to establish new PIP’s.

The model presented in Fig. 4.20, is recommended to be used in

establishing productivity improvement programs .
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5.4 RECOMMENDATIONS FOR FUTURE STUDIES .

1. This study investigatcd construction productivity from the large
building contractors’ point of view. The first threc grades of the
MPWH classification - contractors of other grades and of other
types, e.g., roads, utilities, industrial, could be involved in similar
future studies. It is also possible to investigate other partics’ points

of view, e.g., project owners, and consultants.

2. This study approached and investigated the subject at a macro level,
relatively speaking. More specific and detailed studics may be
undertaken such as studying each productivity mecasurecment method

in more detail.

3. The PIP model presented in Fig. 4.20 could be tested to validate its
applicability.
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APPENDIX - A

INTERVIEW SCHEDULE

(ENGLISH AND ARABIC)
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7 August 1991

TO WHOM IT MAY CONCERN

Mr. Muhannad Abu-Asbah, a graduate student at KFUPM,
is presently conducting a study for his master thesis on
Construction Productivity in Saudi Arabia for the degree of Master
of Science in Construction Engineering and Management. To
obtain the required information for the study, interviews have to
be made with executive managers of large contractors in Saudi
Arabia. We shall, therefore, highly appreciate your kindness
towards him in rendering the information as per his needs. Your
contribution in this regard is highly appreciated.

We promise that all data of individual firms will be held in
strict confidence and will be used for research purposes only.

Thank you for your cooperation.

Dr% M. Shukri

Dean
College of Env. Design
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INTERVIEW SCHEDULE

(Questionnaire)

PREPARED BY :

MUHANNAD ABU-ASBAH

Notw : We will provide you with a summary of this study.



PART ~A”
1. The Type of Reglstration
Ssudf Company )
Foreign Company () (Specity)
Joint Venture ( )

‘2. Respondent's Title or Position :

Name of the Company:

Llocation of Main Office:

No. of Branches:

Phone and Fax No.:

3. Annual Construction Volume (Million SR ):

4. Number of Permanent Employees:

(including Tradesmen & Foremen)

5. Nationality of Construction Workers:

)
t
)
)
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Riyal value of Construction Equipment (Miilions of Riyals):____

Percentage of Construction Equipment Leased or Ronted: v

Percentage of Work subcontracted in average job: %

Geographic Location of Projects in the last § years:

Central Region — %

Eastern Region

— %

Western Region —
Southern Region — X
Northern Regien —— %

Out of Saudi Aradbia _____ %
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PART "B"

1. What does "construction productivity" mean to you?

2. What are the factors that influence construction productivity?

3. What is the effect of construction productivity on your:

. 2 P or i

g £ % & EZ

¥ & g B EE
Project cost X

Project duration

Project quality

Employee Morale

Employee job satisfaction
Overall profitability

(of the firm)

ey
;
&
(
(
(
(
(
(

. et A e e e
Lo TN . S o T - Y
St P Gt Nt N S
Lo B o Y o - .S
e Nt St Gl N
Lo I . WY o Y S
St et el e
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4. How satisfied are you with the existing level of the following pro-
ductivity areas in your firm?

T 3
v & - . & T
E - (4 [ 5 [ g -
2E fF £ E B
~ [ - & & o
&2 = 2 & &&
Construction Workers (
Productivity SN O ¢
Methods Productivity CHY )y ) ¢y )
Equipment Productivity C)Y ) €)Y ) )
Site Mgt. Personnel CY €)Y €)Y ) )
Productivity
Office Mgt. Personnel C)Y ) () () ¢ )
Productivity
Overall Produetivity C)Y €)Yy €)Y ) ()

5. What are your organization policies/procedures aimed at improving

productivity in the following areas:

8. Construction methods (work methods)-

b. Workers' Recruitment:




. Workers' Training:

. Workers' Motivation (Rewards/?unhhmcnts):

. Equipment Selection:

Equipment Utilization:

. Site Engineering/Management Personnel:

. Office Enginesring/Management Personnel:
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7. What type of productivity records er informatien do you

use in preparing estimates?

a. Cost records associated with each element of work.

b. Productivity Tecords associated with each
production facter (labor, egquipment,..... )

€. We depend only on experience-based judgement.

d. Others:

8. For each of the followiny productivity measurement
methods, pioale indicate your level of familiarity
with:

: - - -

Work Sampling (WS) C )y ) )y )
b. Craftsman Questicnnaire(CQ) ( ) «C ) ) ()
€. Craftsman Questionnaire ¢ ) )Y )Y ()

Sampling (CQS)
d.. Foreman-Delay Survey (FDS) ( ) ) )Y ()

e. Cost Reporting and Centrol

System (CRCS) C )Y )Y €)Y )

f. Method Productivity Delay ( ) () )Y ()
Model (MPDN)

¢. Flow Process Chart (FPC) ( ') () ¢ )Y ()

Other ) )Y ¢y )

Familiar

~ ~ Fxtremely
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9. How freguent does your firm use the follovwing

productivity measurement methods:

;
a. Work Sampling (WS) C)Y €)Y €)Y ) ()
b. Craftsman Questionnaire(CQ)

Rarely
Most of
the time
Always

_—
e
-~
-
L)
b 4
L)
L4
o
4

Craftsman Questiennaire C)Y €)Y €)Y ¢ )Y ()

Sampling (CQS) _
d. Foreman-Delay Survey (FDS) ( ) ( ) ( ) ( ) ( )
e. Cost Reporting and Centrol

System (CRCS) C)Y €)Y €Y () )
£. Method Productivity Delay '

Model (NPDM)

Flow Process Chart (FPC)

Other CY €)Y €y ) )

o
—
o~
4
L)
4
Lo
4

L)
S
-—
St
LY
b
-
A d
L]
A
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PART *C*
*For Companies who Aave Productivity Improvement Programs*®
1. The size of productivity staff in this company is:
&. Number of Full time:

b. Number of Part time:

2. What part of the organization do above staff work in?

3. This company's sverage benefit (pay off ratic) resulting from the

application of productivity improvement program is ____:1.

4. This company considers a minimum acceptable pay off ratio for the

money spent on productivity improvement programs to be:

-—1.

5. What are your plans for future productivity improvement pre-

grams?

s. Stay at current level.

b. Expand. Explain:

c. Shrink. Explain:




6. lzprovement Programs are most suited’

for:

160

PARAMETERS

Strongly

Agptee

Agree

Neutral

Disagree

Strongly
Disagree

StZE

Large (Above SR.200 milldien)

Medium (Bet. SR.50-200 £illion)

Szall (Below SR.50 million)

Building
g Engineering
Industrial .
E - Righ
¥ | Complexity =~ Medium
£ - low
‘i
3 - long
E Duration - Medium
g - Short
Government
-4
&=
§ Private




7.
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For our econstruction projects, we would like to have productiv-

ity "improvement programs" conducted by:

8. Consultants

Functional Departiment

Separate Department
PROJECT LEVEL
Withdn Other
b. In-house staff

HREAD OFFICE

c. Both consultants and in-house staff



*For Companies Who Don't Have Productivity Improvement Programs"

8. Izprovezent PTogranms are most suited for:
Y [ Y X
PARAMETERS - = e
e v [ ) - (4 [
c o [ Y o [ ] ee
b b b -] [ 7 - e
« o o [T L & -t
v |l <clelalmwe
Large (Adbove SR: 200 sillion)
w
N Yedium (Bet. SR:50-200 cillion)
[ ]
‘Szall (Below SR.SD millien)
Building
™
s Engineering
-
Industrial
E _ - High
g Cozplexity - Medium
B
E - low
: = long
£ Duration - Medium
g - Short
g
= Government
1Y
=
>
=~ Private
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10.

11.
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This company considers a minimum scceptable pay off ratio for
the money spent on productivity improvement programs to be:

P

Are you planning to introduce productivity improvement pro-

grams in your company's construction projects in the future?

Yes ( ) No « )

If yes, when? —

For our construction projects, we would like to have productiv-

ity improvement programs eonducted by:

8. Consultants

Separate

Department
PROJECT LEVEL .
Within Other

b. In-house staff Functional Dej:.

HEAD OFFICE

c. Both consultants and in-house staff



12.

13.
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*FOR ALL COMPANIES"

Rate the following 'hoqdquarters-type" functions for their poten-
tial to improve construction productivity in your firm (5 = very

high, 1 = very Jow).

Planning
Procurement
Scheduling
Drafting
Estimating

HMHHHH

Specifications
Communications

[ ]

Engineering |

0'0'0'0'0'0'0'0'0'

2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4

Marketing 3

Please rate the following site-related functions and aspects for

their potential to improve econxtruction productivity in your firm

(5 = very high, 1= very low).

Nanagement
Labor Relations b 2 3 4 5
Cost Control ] 2 3 4 5

Supervision 1 2 3 4 5



Materials:

Delivery

Storage

Packaging’
Prefabrication
Standardization
Product availability

New Product

Labor:

Contract agreement
Training

uality control
Turnover

Availability

.Recruitment

Motivatien

Engineering & Design:

Design Standards

" Desigm Improvement

Systers Engineering

Standard Specifications

Equipment:

Capacity
Maintainability

L B R Y Y

L B A N Y R W R Y
L B B SR NI N SRR )
W W W W w Ww w
L I S I T S
L LB B T R T B 7 R T BT, )

L JEE S BN SR X RN X I U V)

L N B N I N I

®W W W W W W w

W W W w
& b s

LI T - S

L B B T I 7 T BT T

LC BV B T B T
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Utilization 12345

Construction Tochn!ques:
Precast elements 12345
Pre-assezble modulars 12345
Methods 12345
Others (Specify):

Please give any comment that you think is related to this
study:
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Craftsman Questonnaire Sampling (CQS) (
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. CONTRACTORS’ CHARACTERISTICS
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Table 1: The Type of Registration

187

Registration Fre- Percent Cumulative Cumulative
quency Frequency Percent
Saudi Company 49 92.5 49 92.5
Foreign Company 1 1.9 50 94.3
Joint Venture 3 5.7 53 100.0
N = §3.
Table 2: Respondent’s Title or Position
Title Fre- Percent Cumulative Cumulative
quency Frequency Percent
General Manager 10 21.7 10 21.7
Deputy General
Manager 8 17.4 IR 39.1
Technical Manager 4 8.7 22 47.8
Construction
Manager 6 13.0 2R 60.9
Project Manager 10 21.7 3R 82.6
Others 8 17.4 46 100.0

N = 46.




Table 3: Number of Branches

188

Number of Fre- Percent Cumulative Cumulative
Branches quency Frequency Percent
0 1 4.3 1 4.3
1 7 " 304 8 34.8
2 4 174 12 52.2
3 8 34.8 20 87.0
4 2 8.7 22 95.7
9 1 4.3 23 100.0
= 53.
Table 4: Annual Construction Volume
Annual Construction |Size Fre- Per- Cumulative Cumulative
Volume (Millions quency |cent Frequency Percent
of SR)
Less than 50 Small 24 43.6 24 43.6
More than 50 but Med- 23 41.8 47 85.4
less than 200 fum
More than 200 Large 8 14.6 55 100.0
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Table 5: Number of Permanent Employees

189

Number Fre- Percent Cumulative Cumulative
quency Frequency Percent
Under 100 10 18.9 10 18.9
100 - 300 15 28.3 25 47.2
301 - 500 8 15.1 33 62.3
501 -1000 8 15.1 41 77.4
Over 1000 12 22.6 53 100.0
= 53.
Table 6: Nationality of Construction Workers
Nationality Mean Response
(Percentage)

Thais 8.54

Filipinos 35.79

Indians 19.42

Pakistanis 15.41

Egyptians 14.35

Saudis 0.26

Others 6.23

48.




N

Table 7: Riyal Value of Construction Equipment

(Millions of Riyals)

Equipment Fre- Percent Cumulative Cumulative
Value quency Frequency Percent
0-1 3 5.9 3 5.9
2-10 28 54.9 31 60.8
11-20 4 7.8 35 68.6

21 - 50 8 15.7 43 84.3

51 and above 8 15.7 51 100.0

= 5l.
Table 8: Percentage of Equipment Leased or Rented
Percentage Fre- Percent Cumulative Cumulative
quency Frequency Percent

0% 12 24 12 24
1% - 5% 12 24 24 48
6% - 30% 18 36 42 84

31% - 70% 5 10 47 94

71% - 100% 3 6 50 100

N

50.
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Table 9: Percentage of Work Subcontracted In Average Job

191

Percentage Fre- Percent Cumulative Cumulative
quency Frequency Percent
0% 3 5.8 3 5.8
1% - 10% 12 23.0 15 28.8
11% - 20% 24 46.2 39 75.0
21% - 30% 1 21.2 50 96.2
31% - 50% 2 3.8 52 100.0

N = 52

Table 10: Geographical Locations of Projects .

In the Last 5 Years.

Geographical

Mean Response

Location (Percentage)
Central Region 40.28
Eastern Region 27.06
Western Region 22.76
Southern Region 5.00
Northern Region 3.98
Out of Saudi Arabia 0.92

N =



APPENDIX - C
RESULTS OF ANOVA
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