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ABSTRACT 
A construction company consists of a number of different sites where the physical 
production is taking place. This production is not always performed in the best 
possible way. There are numerous things such as organisation, logistics, co-ordination, 
technique, quality and others that can be improved. To have a process of continuous 
improvement at sites it is necessary to be able to evaluate their performance. Doing 
this only in terms of profits, which is the most common way, is not sufficient. Other 
ways of evaluating site performance such as productivity measurements are therefore 
needed. 

The purpose of this study was to find measures of productivity which could be used to 
evaluate site performance. Such measures should be cheap, understandable, univocal 
and be possible to relate to company objectives. 

With the results from productivity measurements a process of internal benchmarking 
could be initiated at construction companies. This could make it possible to find sites 
with excellent performance, investigate the factors of importance for such performance 
and try to use these results in a process of continuous improvement. Finding such 
determinants of site productivity is of vital importance for the improvement of the 
performance of a company. 

The overriding method in this work has been to "steal" ideas from others. By 
investigating how others had been measuring productivity and by evaluating these 
measures, the expectation was that measures would be found that could be applied on 
construction sites. However, a number of other and more "well defined" methods such 
as Data Envelopment Analysis, inquiries, multiple regression analysis, case studies and 
practical tests have been used. 

Data Envelopment Analysis (DEA) had not previously been used to measure 
construction site productivity in Sweden. DEA was used to analyse 104 projects 
constructed during the period 1989 to 1992. The output factor used was value added, 
and the inputs were the costs of staff, workers and machines. The projects analysed 
included 33 office buildings, 40 blocks of flats and 31 roads and bridges, and the total 
invoicing amounted to SEK 2 232 million. Substantial differences in input saving 
efficiency could be noted regarding the projects included in the analyses. 

A second step in this benchmarking process was that of trying to relate the differences 
in efficiency to variables affecting the result. A questionnaire was therefore sent out to 
all the site managers. This information, together with the results from the DEA, was 
then analysed using multiple regression. The result was that variables such as 
additional work ordered by the client, formal education and employment time of the 
site manager and participation of workers in planning did not seem to have any 
significant effect for any of the types of products studied. For the blocks of flats the 
variables which showed a negative correlation with the result from the DEA were 
extended construction time, design and build contract, major parts prefabricated and 
serious disturbances. The only positive variable was in-house design. 
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For the offices, variables such as a large share of the work being performed by 
subcontractors and a high proportion of the people employed being staff, were 
positive, while many different persons being involved in planning before the actual 
start of construction were negative. 

For the roads and bridges studied the positive variables were in-house design, a high 
proportion of staff, and many different persons being involved in planning before the 
start of construction work. The negative variable found was in this case high wages to 
the workers. 

Manufacturing industry exposed to foreign competition was assumed to have used 
measurements of productivity for a long time. Case studies were therefore performed 
at a number of production units throughout Sweden to find out how such 
measurements were made and how the results were used. As a reference case studies 
were also made at three sites within the construction industry. The findings were that 
there were large differences between the plants studied in the manufacturing industry 
and the construction industry. 

One of the major differences was the extent of the measurements. The units studied in 
manufacturing used many more different measures than did the construction sites 
studied. Another important and clear difference was the purpose of the measurements. 
The measurements performed in the manufacturing industries studied had several 
purposes. The main aim was to use the results for a comparison with those of 
competitors or with other units within the same company. The results from the 
measurements were also used to inform and motivate the employees, follow-up 
investments in new technology or changed organisations, control operations and as a 
basis for bonus wages. At the construction sites studied, on the other hand, the results 
were used mainly for cost forecasts and for estimates in connection with tendering. 

The most frequently used measure was labour productivity, and the reason for this was 
that labour productivity was considered to be both important and easy to understand. 
Other measures were, however, used to evaluate performance such as delivery time, 
stoppage times, actual hours or costs versus budgeted, energy used and many others. 
All these measures were considered by the company management in the manufacturing 
companies to be important for controlling their operations. At the construction 
companies the results were mainly used by the site managers to estimate the final 
costs. 

A general conclusion was that making performance measurements is never an easy 
task. There are always shortcomings with the measures chosen. In spite of this the 
advantages of measuring instead of not measuring are great when it comes to having a 
process of continuous improvement in a company. 

Various key ratios were measured at eight construction sites in northern Sweden and 
the results were evaluated. The different projects were followed for periods of between 
three months to one year with the help of personnel at the sites. The key ratios chosen 
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were selected after performing the DEA and the case studies and after discussion with 
the persons at the sites. The key ratios were used to measure labour productivity, 
machine productivity, machine utilisation, material stock, material consumption, 
quality, actual hours versus budgeted hours, actual time compared to scheduled time 
and attendance. Al l these measurements showed that almost all the measures used 
could be obtained with limited effort with regard to both time and money. The results 
also contained valuable information which could be used to control site operations in a 
better way than that of today. 

Labour productivity was measured regularly using both value added and physical units 
as outputs. The use of value added was as a result difficult, mainly due to the great 
variations in site turnover. The results were easier to evaluate when physical units 
were used. These measurements, however, in some cases required more time. The 
measurements of material consumption, which were made using both physical 
quantities and monetary value, were also in most cases easy to perform. Due to 
changes in both quality and size the results were sometimes difficult to interpret when 
physical quantities were used. Measuring actual costs, or hours, versus budgeted 
showed that this method of measuring is relatively easy but it also has many 
disadvantages. I f such measurements are compared with the results from other sites it 
is necessary to use a reference against which these comparisons can be made. 
Informing and discussing the results with the workers revealed that there was a great 
interest from the workers in having feedback regarding their performance. 

A number of general conclusions regarding the execusion of measurements of site 
performance were drawn based on the results from the data envelopment analysis, the 
case studies and the tests with key ratios. One was that measurements of site 
performance could serve two purposes. The first was as a strategy tool for company 
management. By using the results from the site measurements in an internal 
benchmarking process it could be possible to identify sites with excellent performance 
within the company. By finding the characteristics of the good and the bad projects 
company management can improve competitiveness and long term profitability of the 
company. The second purpose was as a help for the site management in their daily 
work. The results could thus be used in a process of continuous improvement on site. 

In the selection of measures the purpose of the measurements should not soley be 
considered. The type of product also determines what measures should be used. For 
simple products with short manufacturing times and low complexity physical outputs 
should be used. For complex products with long manufacturing times the product has 
to be broken down into smaller, more measurable parts. 

Most of the data required to perform measurements are already available, or can be 
obtained with a moderate amount of effort. By using the workers for collecting and 
reporting some of the data, the work for the site management in this regard would be 
facilitated. This would, however, require that there would be a different flow of 
information than that of today. The workers should have more information regarding 
development at the site than they have today. There should also be a different flow of 
information from the site to the main office. The sites should report productivity data 
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which could be used in an internal benchmarking process where the prerequisites for 
good performance could be known to all sites and where excellent performance could 
be used as a reference. 
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1 INTRODUCTION 

1.1 BACKGROUND 

1.1.1 The construction industry 

The construction industry has a very important role in the industrialised countries. 
People live in houses, drive on roads, work in industries or offices, use electrical 
energy from power plants, visit shops, go to hospitals, send their children to schools 
and many such things where they in one way or another are dependant on the products 
of this industry. The question is i f there is any other industry that plays such an 
important role in people's daily life. 

What is then the construction industry? It is a wide concept that can include a lot of 
different players such as manufacturers of raw materials and semi-manufactured 
materials, retail dealers, transport companies, consultants, general contractors and 
subcontractors. Both manufacturers of material and their retailers often have customers 
not only among construction companies but also others such as automotive industries, 
shipyards, paper mills and chemical industries. Also transport companies and many 
consultants do not soley have their customers among contractors. It is consequently 
difficult to make a distinct definition of the construction industry. In this thesis, 
however, the concept of the construction industry only includes contractors and 
building consultants. 

Since construction is something that concerns most people it is not surprising that the 
construction industry has been, and still is, a subject for debate. Of the things listed 
above as being important to people in their daily life the most important is probably 
the home. During recent decades there has been a rapid increase in the costs of housing 
in Sweden. This rapid increase in costs has been blamed by many on the construction 
industry. And even i f the cost of housing is not only determined by the construction 
industry it is obvious that the costs of dwellings has increased more rapidly than the 
cost of many other products. 

In figure 1 the development of the index of the contractors' tendering prices for new 
blocks of flats has been plotted together with the annual index averages for a number 
of groupings in the consumer price index. As can be seen in the figure the contractors 
tendering prices for blocks of flats did increase faster than most of the other products 
and services during this period. Only the costs for health and medical care increased 
more rapidly. 
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Figure 1. Relative changes in costs for block of flats and other products and services 
in Sweden 1985 - 1993 (Svensk Byggtjänst, 1995 and SCB, 1994). 

Who bears the responsibility for this? The consultants, the building companies, their 
subcontractors or the material suppliers? This question does not have a simple answer. 
The contractors have been accused of charging high prices while the contractors have 
tried to put the blame on regulations and on the material suppliers. It is, however, 
important to bear in mind that since the proportion of subcontractors and materials 
amounts to two thirds to three quarters of the costs it is clear that an increase in 
building prices is not only related to the building contractors themselves. One 
important factor for price development in the building material industry is that there 
are often alternative uses for the products, hon can, for instance, not only be used to 
manufacture bars or steel beams but also a number of other products. Price fluctuations 
are therefore not always an effect from changes in demand from the customers of the 
construction companies. 

The cost of housing is, however, not the only thing frequently discussed in Sweden 
during recent decades. The discussion has also concerned many other aspects of 
construction such as high unemployment rates, lack of skilled workers, quality, low 
investment in R&D, high production costs, low productivity, lack of dwellings, surplus 
of dwellings, subsidies and governmental spending in large infrastructure projects. 

One of the latest contributions to this discussion of the Swedish construction industry 
was presented by the McKinsey Global Institute (1995) in a report called Sweden's 
Economic Performance. This report has attracted attention among both politicians and 
people from the industry. The authors claim in their report that the construction 
industry in Sweden was one of the most regulated industries included in their study. 
They also found that many of the suppliers of building materials were oligopolistic, 
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and subcontractors were engaged in joint pricing. This had, according to the authors, 
resulted in an industry with little innovation and high costs. 

In the report the authors further tried to compare of what they called productivity 
levels between the construction industry in Sweden, Japan, Germany, France and the 
USA. Their conclusion was that the productivity level in Sweden was substantially 
lower than all the others with the exception of Japan. They said that the problem of 
low productivity within the Swedish construction industry did not appear to lie in a 
low performance of the Swedish construction worker. Instead they said that in 
performing a given task a Swedish worker could very well compete with a foreign 
counterpart. They even stated that Sweden might have an advantage in comparison 
with other countries since the Swedish construction workers are better educated than 
workers in most other countries. The authors considered that the problem of low 
productivity growth in the Swedish construction industry instead lies among other 
factors such as: 

• Product market regulations affecting demand. They saw subsidies and intermediary 
customers as negative as regards productivity. 

• Product regulations affecting supply. Such regulations were seen by the authors as 
some of the most important causes of low productivity. 

• Competition rules which were not as strict as in the US. 

These are factors which according to the authors, have to be dealt with on a macro 
level. Politicians in Sweden have to facilitate competition and reduce regulations. The 
authors noted that a certain amount had already been done: now construction codes 
have been simplified, horizontal pricing agreements have been made illegal and 
subsidies and tax deductions have been severely reduced. All these changes together 
with the recession have, according to the authors, led to harder competition and 
improved productivity. 

The results put forward in the report from the McKinsey Global Institute corresponds 
to some extent with the results from other studies of the Swedish economy and the 
construction industry (Eklund et al, 1993 and SOU, 1991). 

It is clear that there are possibilities for improving production in construction, just as in 
other types of production. But this process of continuous improvement has perhaps 
been faster in manufacturing industry than in construction. The total time taken to 
produce a building is often a lot longer than it would have been i f everything had been 
done in the best possible way (Heap, 1987). One way of reducing time and resources 
at construction sites is to reduce the number of errors. In a recent report called "Causes 
of defects in building" (Josephson, 1994) the author concluded that at the project 
studied the cost of all errors amounted to nearly six percent of the total production cost 
and that the hours required to correct these errors equalled almost 11 percent of the 
total hours worked. Al l these errors could in one way or another be related to the acts 
of various individuals. The causes could in more than 80 percent of the cases be sorted 
into five different groups: 
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1. knowledge and experience 
2. communication 
3. comntitment, which included causes like forgetfulness, carelessness, lack of care, 

deficient judgement and similar 
4. stress and lack of time 
5. other causes 

Of these five, "commitment" was the most important and lack of commitment 
accounted for more than half of the errors which could be sorted into these five groups. 

The study also assigned the errors to the different functions in the building process. 
Josephson found that a majority of the errors could be assigned to design, site 
management, execution of the work and material delivered. 

Errors made by persons involved in the process was one reason for unnecessary work 
at construction sites, but there were also other reasons such as: 

• Design which was not optimum from the perspective of production. 
• Unnecessary internal transportation of materials. 
• Delayed deliveries of material or deliveries made too early. 
• Delayed drawings or decisions from the client. 
• Poor co-ordination between different contractors at the site. 
• Unsuitable working methods or machines. 
• Poor organisation of the people on site. 

It is clear that in construction the resourses are not always used in the best way. The 
discussion about the construction industry being a part of the industry with an 
unusually low performance, however, not only concern Sweden. The Business Round 
Table (1983) said about productivity growth in the US that: 

"Since the closing years of the sixties, productivity in construction 
has been declining at a rate many industry leaders find appalling. " 

They also said that the Houston-based American Productivity Centre, measuring 
labour productivity in 11 large sectors of the US economy over a span of three 
decades, found construction to be the most laggard performer by a wide margin. 

The alleged low performance in construction has led to reactions from many both 
inside and outside the industry. In a study from 1987 Heap said that: 

"... an increase in the productivity of the construction sector should not only 
raise the earnings and profits of those working in that sector but also contribute 
to an improvement of the productivity in other sectors, thereby improving 
general standards of living." 
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1.1.2 What is productivity and how can it be measured? 

Although productivity has been in focus for a long time people seldom mean the same 
thing when they talk about productivity. A generally accepted definition of 
productivity is, however: 

Output 

Productiv1ty = 1 I ^ r (1) 

where 

Output is the production achieved and 
Input is the resources used. 

In looking at the total output and the total input the measure is called Total Factor 
Productivity, TFP, which can also be expressed as (Thomas et al, 1990): 

TFP = T o t a l 0 u t P U t (2) 
Labour + Materials + Equipment + Energy + Capital 

Since this equation contains different units in the denominator it is difficult to calculate 
unless the different units can be transferred into the same unit. One such unit is money 
and TPF can therefore also be written (modified from Thomas et al, 1990): 

T p p _ Monetary value of output 
Monetary value of input 

Using a monetary value of output is very common among economists. The most 
frequently used is value added which is the increase in value achieved through the 
process within the company. It can thus be defined as: 

Value added = GPV- (M + SM + S) (4) 

where 

GPV= Gross production value 
M= cost of materials 
SM = cost of semi-manufactured materials 
S = cost of subcontractors 

Value added is consequently an item that shall cover the costs of machines and labour 
and it also contains the profit. 

Due to the difficulties in calculating TFP partial productivity is often used instead. 
This can either be done by using one of the inputs (e.g. labour, energy or capital) 
which is then called single factor productivity or by using two or more of the inputs. 
The latter is known as multifactor productivity (Chau & Walker, 1990). 
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The disadvantage in measuring partial productivity is that there is normally more than 
one type of input and inputs may often be substituted for one another. One example is 
labour productivity which can be increased by substituting labour for capital. On-site 
labour can also be substituted for off-site labour which is the case when using 
prefabricated components. Partial factor productivity is therefore not a good measure 
(Chau & Walker, 1990 and Lowe, 1987). But even i f partial measures are not good 
measures they are frequently used since they relatively easy to measure and 
understand. The most widely used is labour productivity which is a ratio of output per 
employee (modified from Lowe, 1987): 

Output 
Labour productivity = -zr—r : — (5 ) 

Labour employed 

In construction it is not uncommon to calculate productivity as the inverse of the 
normal definition (Thomas et al, 1990): 

. . Labour costs or work hours 
Labour productivity = Output  

A multi-factor measure often used by economists is to measure the ratio of output over 
labour and capital (Aspén et al, 1991): 

Output 
Productivity L a ^ o u r m ( \ c a pital 

Whereas productivity is a well defined concept there is no such clear definition of the 
broader concept of efficiency and effectiveness. Efficiency can be considered to exist 
when tilings are performed in such a way that the use of resources are rninimised while 
effectiveness is more a measure of whether the production performed is really meeting 
needs from the customers (the World Confederation of Productivity Science, 1988 and 
Sprengler, 1984) 

One precise interpretation of efficiency is productivity relative to a reference point 
constituted by the best possible technology (Hjalmarsson, 1991). One way to create 
such best practice is to use a production function. Such a production function 
expresses the maximal output for every value of input. 
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Output 

Production fimction 

Input 

Figure 2. The production function 

The most common formulation of the production function is provided by the Cobb-
Douglas production function (Lowe, 1987). I f we assume perfect competition it can be 
formulated as: 

where A = constant of efficiency 
L = labour 
a = distribution parameter (labour) 
K = capital 

ß = distribution parameter (capital) 

and the distribution parameters are defined as: 

where w = wage level 
i = return on capital invested 

Another way of measuring productive efficiency is the Data Envelopment Analysis, 
DEA, which uses the actual observations to create the technology frontier. 

Since many of the measures of productivity have difficulties when it comes to 
determining input or/and output many companies who are trying to measure 

Q = ALaKß (8) 

a = wL/Q 
ß=iK/Q 

(9) 
(10) 
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productivity use other measures. These measures are not real productivity measures 
since they do not measure output over input. Instead they measure other things where 
there is a strong connection between what is being measured and productivity. Such 
measures are sometimes called performance indicators. One such factor is quality. 
Behind this is a belief that i f things are done the right way it will reduce both resources 
and time. 

In a book on productivity Liukkonen (1992) means that it is important to find and 
measure indicators that can unveil future productivity problems. This type of 
measurements she calls pre-measurements of productivity. Such measurements are 
supposed to show the conditions for good performance. Important factors for 
productivity are according to Liukkonen: working conditions, working content, 
competence and leadership. She further concludes that high absence from work 
reduces labour productivity. The same goes for personnel turnover since it means 
recruiting and training new people which takes time away from production. 

One frequently used indicator of productivity is to compare actual value (e.g. hours, 
costs) with the budgeted value. For many departments in a company such as personnel 
and economy, where there are great difficulties in defining and measuring output, this 
is the only way in which their performance is measured. 

1.1.3 The development of construction productivity 

The picture of the development of construction productivity in Sweden is, however, 
not univocal. The result depends to some extent on who is being asked and what 
measures are used. The Productivity delegation (SOU;1991) found that the Swedish 
construction industry had about the same productivity growth, measured in terms of 
both labour and total factor productivity, as industrial life as a whole. Another picture, 
which is also a good early example of how labour productivity has been measured in 
construction, is shown in the figure below. 
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Figure 3. Productivity measured as m3 of building volume per hour for the period 
1967 to 1993 (Byggentreprenörerna, 1994) 

Labour productivity measured as m 3 of building volume per hour has been measured 
by the employers' organisation of the Swedish contractors, "Byggentreprenörerna", 
since 1967. The products included in these measurements are detached and semi
detached houses, block of flats, offices and industrial buildings. As can be seen in the 
figure the productivity growth was high till the mid-seventies but after that 
productivity ceased to increase. A part of this negative development could, according 
to the employers' organisation, have been explained by factors such as increased 
demands on construction due to new energy and handicap norms, various security 
directions etc. (Byggförbundet, 1983). It is, however, a well known fact that this kind 
of measurement does not take into account the quality differences that exists between 
older and newer buildings. This can be exemplified by the block of flats where the 
demand from the customers, or their representatives, during the sixties was focused on 
cheap flats in mass production. During the eighties there was a demand shift and the 
areas with large concrete blocks containing hundreds of similar flats were no longer 
popular. Instead people wanted to live in smaller buildings with a different and more 
varied exterior. This has led to difficulties in finding tenants for the flats in the areas 
built during the sixties. In some cases such areas have been rebuilt where storeys have 
been demounted and the exterior has been changed at substantial cost to attract tenants. 

The negative development concerning labour productivity was also found by 
Sundström and Andersson (1980) who made a study where they compared present data 
for labour productivity in Sweden with historical data. The result of their study was 
that for many of the studied operations labour productivity had ceased to increase after 
1970. 
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Table 1. Estimations of labour productivity for five work operations (Sundström and 
Andersson, 1980) 

This picture of slow productivity growth in construction productivity during recent 
decades is, however, not something that is confined to Sweden. The same trend has 
been noted in other parts of the world (The Business Round Table, 1982, Callahan, 
1984, Conrmittee on Construction Productivity et al, 1986, Handa & Abdalla, 1989, 
Lim & Alum, 1995 and Revay, 1984) 

In a comparison with other industries Dekker et al (1991) found that during the period 
from 1970 to 1985 labour productivity in construction inside the European Community 
increased at an average of only 0.9 percent each year. This can be compared with the 
average for all industries which was 2.3 percent and in manufactoring 3.4 percent. This 
relatively low productivity growth in construction caused a relative increase in 
construction costs. 

During the late 1980s when there was a boom period in construction in Sweden few of 
the managers worried about this low productivity growth. Profits were kept at high 
levels anyway. However, at the beginning of the 1990s a period of recession was 
ushered in and a severe reduction in the demand for both dwellings and office 
buildings occurred. This reduction in demand led to hardened competition among the 
construction companies in Sweden. 

In the Swedish construction industry there have also been other changes lately such as 
new customer demands, changed employment conditions for workers and increased 
opportunities for foreign companies to compete on the Swedish market. All this 
together with the effects of the recession has led to the implementation of a number of 
programmes at companies to become more customer-oriented, reduce costs and 
improve productivity. Many of these new ideas have come from the manufactxuing 
industry and would probably have come even without the recession. However, the 
recession urged on this work. One example of this is that the largest construction 
company in Sweden, Skanska, is now applying a programme called 3T, Total Time 
Thinking, as a way of improving their processes (Borgbrant & Hansson, 1995). One 
source of inspiration for this work has been the philosophies behind TBM, Time Based 
Management (Stalk & Hout, 1990). 

Work operations 1950 1960 1970 1980 
Rock excavation for tunnels (h/m3) 
Wall shuttering (h/m2) 
Floor shuttering (h/m2) 
Concreting of walls (h/m3) 
Concreting of floors (h/m3)  

1.00 0.80 0.60 0.50 
0.65 0.60 0.35 0.40 
0.75 0.70 0.50 0.55 
2.60 1.00 0.50 0.55 
1.60 0.70 0.40 0.40 
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1.2 PURPOSE AND DEMARCATION 

The production of buildings and other structures produced by the construction industry 
takes place at sites. The site can therefore be considered as the foundation of the 
company. Characteristic for all these sites which together form a company are that 
they: 

• Are geographically spread. Each project is located at a different place. 
• Contain temporary organisations formed for the individual project. 
• Have differences in conditions such as weather, communications, time, price, 

customer and others. 
• Construct the tangible production which the company is paid for by its customers. 

The site is in this study defined as the place where the physical production of 
buildings, tunnels, roads etc. takes place together with the persons permanently taking 
part in this production. The construction companies, like other companies, also have 
adniinistrative units such as accounting, tendering, purchasing, personnel and others 
but these are in most cases separated from the site. These units are therefore not 
included in this study. 

Traditionally, the performance of those sites has been evaluated by the management in 
terms of short term profits. This has led to changes at sites which have not resulted in 
higher profits on a particular project having had difficulties in being adopted. 

To be able to evaluate site performance using other measures than just short term 
profits has therefore been urgent. The purpose of this study is therefore to find "good" 
measures which could be used in such an evaluation. Such "good" measures should: 

1. Be available without incurring large cost. The cost of measuring has to be 
reasonable in proportion to the gain from measuring. 

2. Be comprehensive to the people at the site and in other parts of the company. 
3. Be univocal to make comparisons between sites possible. 
4. Be relevant to overall objectives for the company. 
5. Support the desired organisational structure of the company. Some measures could 

have a negative effect on co-operation between groups. 

Included in the purpose is also to use these measures as an aid for a continuous 
improvement at site and as a help in changing company policies for design, logistics, 
purchasing etc. 

It should be pointed out that this study only comprises construction sites and 
conditions in Sweden. However, many of the results should be valid for construction 
firms outside this country. 
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1.3 METHODS 

The basic idea for this study is to try and "steal" ideas from others. By "stealing" is 
meant finding methods and measures used by others which could be applicable to 
construction sites. In this work a number of different methods has been used. Since 
these methods are described in detail in other parts of the thesis only a short 
description is made here. The methods used are: 

1. DEA (Data Envelopment Analysis) which uses a non-parametric frontier to create 
an artificial benchmark for efficiency measures. This way of analysing productivity 
was first presented by Farell in 1957. It was later developed by others and the use of 
it has grown rapidly around the world during recent decades. This method is 
described in more detail in chapter two where the result of an analysis of more than 
100 construction projects is presented. 

2. An inquiry comprising all the projects included in the Data Envelopment Analysis 
was made by sending a questionnaire to the site managers (see appendix 1). The 
purpose of this inquiry was to obtain more information regarding each project to be 
able to perform further analysis of the material. 

3. Multiple regression analysis which was made to combine the result of the inquiry 
sent to the site managers with the result of the Data Envelopment Analysis. The 
main purpose was to determine what factors had affected site efficiency. In selecting 
a multiple regression model a combination of backward stepwise regression and 
Mallows' Cp-criterion have been used. This method is also described in more detail 
in chapter two. 

4. "Case studies" was used as a method in chapter three. "Case studies" are the 
preferred strategies when "how" and "why" questions are being posed and the 
investigator has little control over events and the focus is on phenomenon within a 
real-life context (Yin, 1991). It is also a study where multiple sources of evidence 
such as written materials and interviews are combined. Chapter three contains more 
information on how this method was used. 

5. Tests with various measures at construction sites. Since the purpose of this thesis 
was to find measures of site performance it was important to perform tests of 
different measures. At sites in progress data was collected and put together 
regarding a number of measures by persons, mainly from outside the site. These 
measurements weTe performed for approximately six months at each site. A detailed 
description of this procedure is found in chapter four. 

1.4 EVALUATING PERFORMANCE 

It has been clear to many that the present ways of evaluating the performance of 
companies is insufficient. In an article in the Harvard Business Review, Eccles (1991) 
said that many companies do describe their strategies in terms of customer service, 
innovation, or the quality and capabilities of their people, but still they do little to 
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measure these variables. Traditionally the performance of companies has instead been 
evaluated by different measures of profitability. The reason for this is quite simple: 
without long term profitability any private company will have difficulty in surviving. 
Profits are needed for investments in new and better machines, research and 
development, education and training of personnel, expansion, etc. Eccles says that the 
problem in finding alternative measures is perhaps that the methods for measuring 
financial performance are the most sophisticated and the most deeply entrenched. 
Accountants have been refining these methods ever since double-entry bookkeeping 
was invented in the fifteenth century. In contrast efforts to measure market share, 
human resources, and customer satisfaction have been much more modest. 

The most common way to express profitability is to look at the earning power which is 
calculated as: 

. Profit 
Earning power = ^ (11) 

where both profit and capital can be calculated in various ways. 

These measures, together with others such as equity ratio, turnover and cash flow, are 
used in the analysis of performance, often also in a historical perspective and 
compared with other companies. However, they do not always give a good picture of 
the performance of a company. Eccles (1991) said: 

"For several years, senior executives in a broad range of industries have been 
rethinking how to measure the performance of their business. They have 
recognised that new strategies and competitive realities demand new 
measurement systems." 
"Al the heart of this revolution lies a radical decision: to shift from treating 

financial figures as the foundation for performance measurement to treating 
them as one among a broader set of measures." 

To use other measures for performance than financial is, says Eccles, nothing new. As 
far back as 1951 General Electric identified a number of key corporate performance 
measures. This list included such measures as market share, productivity, employee 
attitudes, public responsibility and the balance between short- and long-term goals. 

The financial figures can also be used in the analysis of smaller parts of a company 
such as a plant. The construction companies who have their production spread out on a 
large number of sites have, however, used other measures to express profitability at 
site level. One offne reasons for this is the great difficulty in calculating different 
forms of capital for a site. Another is that this kind of production compared to most 
manufacturing industries uses little real capital, i.e. machines and other equipment 
(Wigren, 1990). The measure most frequently used to evaluate site performance has 
therefore been to calculate the contribution margin. 
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Profit 
margin = —— 

Invoicing 
(12) 

where Profit = Invoicing - site costs 

This measure is in a logical way connected to the earning power of the company as a 
whole. Increased contribution margins at the sites will, i f the turnover for the company 
is unchanged, mean higher total profit and thereby also higher earning power. This 
implies that there is no change in capital. The contribution margin can also be used to 
evaluate even smaller parts than the site such as work groups by tiirning each group 
into a profit centre of its own (Grennberg, 1988). 

Using the contribution margin to evaluate sites has, however, its limitations. The 
contribution margin does not take fully into account: 

1. Customer satisfaction. It sometimes happens that customers are dissatisfied with 
what they have recieved. This dissatisfaction can be caused by many things such as 
delays in completion and a different quality than that expected. Another cause is 
higher cost than estimated which could be caused by legitimate additional work due 
to changes, but sometimes also by contractors trying to make up their profits by 
hammering customers with expensive construction claims after project completion 
(Liptak, 1989). 

2. The quality of what is produced. Poor product quality does not necessarily appear at 
the time of project completion. Instead, it can appear during the warranty period, 
which is normally two years in Sweden. In such cases the project costs are 
underestimated since they normally only include the costs to finish the actual 
construction work. I f the costs of poor quality had also been included, the 
contribution margin would have been lower. The problem here is the time factor. 
Waiting for possible warranty costs would mean a delay of two years before an 
evaluation could be made. 

3. The status before actual commencement. It is not unusual that different construction 
projects have different estimated contribution margins when construction work 
begins. Actual costs can vary from estimated costs as a result of many factors that 
have no bearing on job site performance (Alfeld, 1988). The effect of this is that 
some site managers are forced to commence their projects with very low margins 
while others can start under different conditions. Unless the initial conditions are 
considered, a comparison between projects is meaningless. It is also difficult to 
motivate both site management and workers to take on a job with a poor economic 
result i f they know that the profit is the only way in which an evaluation is made. 

4. Investments in material, machines, education and training that does not pay off 
immediately. It is not unusual that certain material and machines (e.g. form 
equipment and rock drill rigs) has to be written off on more than one project to be 
profitable. Also, investments in the competence of the contractors personnel is 
difficult to write off on one project. 
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5. The strain on the environment. This is becoming more and more important. The 
problem is that i f the site manager is always acting in accordance with what is best 
for the environment it might increase costs. Low strain on the environment will, 
however, probably be a customer demand in the future. 

Using profits as the only measure of construction site performance is also criticised by 
Alfeld (1988). He said that profit measures how much money a contractor makes and 
that a contractor can make money on a job without performing well. He suggested 
instead that top management should work to overcome the many obstacles and 
problems that exist in the design and implementation of another measurement system. 
His suggestion was that measurements should be made of field productivity. Such 
measurements would, according to Alfeld, improve productivity vastly, provide a 
superior job control, and generate invaluable information for estimating future jobs. 

The same thoughts were put forward by Callahan (1984) who said that: 

"Cost report performance is judged primarily on the basis of "staying within 
the budget" rather on how effectively the work is being managed. Items that 
may meet the estimate may be the one where the greatest cost reductions can 
still be made. Performance should be judged on productivity." 

To use measurements of productivity to evaluate construction site performance was 
suggested already in 1982 by the Business Round Table who said that appropriate 
construction-productivity measurements could help managers and owners to: 

• Determine how effectively their projects are being managed. 
• Detect adverse trends quickly so corrective actions may be taken. 
• Determine the effects of changed methods or conditions. 
• Identify both high and low areas of productivity and reasons for the differences. 
• Compare the performance of different contractors. 

They also considered such measurement important to improve construction 
productivity. 

Measuring construction productivity is, however, not without problems. Revay (1984) 
specially points out one problem in measuring productivity in construction: How to 
treat intermediate inputs such as purchases of goods and services by the on-site 
contractor from off-site suppliers and/or manufacturers. 

The difficulties in performing measurements of construction productivity were also put 
forward in a report from the Business Round Table (1983) regarding how to improve 
productivity in the construction industry. More than 250 people representing more than 
125 companies, universities and other organisations had been involved in this work. 
They found that there was no satisfactory measurement of construction productivity. 
The reason for this was that the construction industry is so complex that a single 
measure could not be sufficient. But even i f there is no single measure that would be 
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satisfactory there could be a number of measures that could be used in different 
combinations at different types of construction. The importance of such measurements 
is stated by Lim & Price (1995) who state that productivity measurements in 
construction are necessary to: 

• provide management with an effective means of directing and controlling 
performance of the company 

• give feedback to the employees of the company 
• generate a system for sharing profits from higher productivity 

By measuring productivity at site level it would be possible to improve performance 
and by comparing results, others than just short term profits, between sites new ideas 
in technology and organisation would have a chance of being more quickly adopted. 

1.5 BENCHMARKING 

One way of analysing site and company performance is benchmarking. It has 
developed very rapidly around the world during the last years and has proven to be an 
excellent tool in achieving performance improvements. It provides a view of what is 
achievable and its principles can be applied both to internal and external comparisons 
(IBM Consulting Group, 1994). Benchmarking, properly conducted, can according to 
the IBM Consulting Group help to answer three important questions in business 
improvement: 

1. Where are we now? 
2. Where do we want to get to? 
3. How do we get there? 

There are a number of definitions of what benchmarking actually is. Some of these are: 

"The continuous process of measuring our products, services and practices 
against our toughest competitors or those companies renowned as leaders. " 
David T. Kearns, Chairman, Xerox Company 1982-1990 (quoted by Camp, 
1994) 

"The continuous, systematic search for and implementation of best practices 
which lead to superior performance." (IBM Consulting Group, 1994) 

"A tool used to search for and implement the enablers that allow an 
organisation to perform at a best-in-class level at a given business process. " 
(Körschges, 3M Company, 1994) 

Benchmarking is consequently a continuous process at companies to measure own 
performance with that of others with the intention of finding "best practices". Those 
findings should then be used in target setting and improving own performance. 
Benchmarking yields many benefits (IBM Consulting Group, 1994): 
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• A realisation of what levels of performance are really achievable. 
• Awareness of innovation as it occurs in other areas. 
• Reductions in waste, quality problems and customer complaints. 
• An opportunity to learn from others. 

Benchmarking can be divided into four different types (Camp and IBM Consulting 
Group 1994): 

1. Internal. At most large organisations it is possible to benchmark against other sites 
or functions within the same organisation. 

2. Competitive. This is concerned with benchmarking against direct competitors and it 
is usually conducted through third party research. 

3. Functional. This is conducted with non-competitors and compares organisations 
performing a similar functional activity. 

4. Generic. This is similar to functional benchmarking but it is focused on the 
processes that are common to any business. Benchmarking today is also becoming 
more focused on processes than on different measures. 

The mteresting thing in benchmarking is that the "benchmarks" actually are not 
benchmarks in the true sense of the word since they are not fixed. There is a 
continuous improvement and the benchmarks, just like Olympic records, change all the 
time (Camp, 1994). He says that in using benchmarking as a tool for continuous 
improvement the best way is to start with internal benchmarking. That way you are 
forced to document your own process before you try to compare yourself with other 
companies. 

Also Verhaert (1994) emphasises the advantages with internal benchmarking. He says 
that it enables a company to: 

• Improve measurements systems and regain relevance. 
• Improve with internal knowledge. 
• Stimulate change. 
• Get common approaches in large companies. 
• Open eyes 
• Get good results with relatively low cost. 

That performance really can be improved by benchmarking was shown by Hanson 
(1994) who accounted for a study conducted in Great Britain where the performance 
of over 300 sites from a large range of industries participated. The conclusion was that 
there was a positive correlation between the sites adopting benchmarking and those 
with the highest performance, especially in the aspects of quality, lean production and 
logistics. 

Benchmarking has also been used to evaluate site performance in construction. In a 
study initiated by the government in Tanzania (Lema et al, 1995) an attempt was made 
to establish benchmarks for labour productivity for the construction industry. 
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Concreting and bricklaying was identified as priority activities and for these over 400 
observations was made in order to establish the benchmarks. The definition of the 
benchmarks was the 95th percentile of the population distribution for the actual 
productivity, where the actual productivity was defined as: 

. j • • Volume of work done ^,->i 
Actual productivity = —— : M-V 

Total active man-hours spent 

Unproductive time was eliminated from the total active man-hours. 

These benchmarks enabled the individual contractors to establish their performance 
gap on their various projects. 

It is obvious that internal benchmarking could be used as a tool in improving site 
productivity. I f only measures that can be used in such a process could be found there 
are great advantages in a construction company compared to many other organisations. 
With all the different sites that exist in a construction company the possibilities for a 
benchmarking process and finding excellent performance in different areas are great. 
This is especially the case for large companies which are having difficulty today in 
using their size in a constructive way. 

1.6 CAN MEASUREMENTS USED BY OTHERS BE APPLIED TO 
CONSTRUCTION? 

Productivity measurements are being conducted in many organisations. In 
manufacturing such measurements have a long tradition and measures such as "hours 
needed to assemble a car" have been used in the automotive industry for several 
decades. Other industries such as steel manufacturers, paper mills, manufacturers of 
electronic equipment have used productivity measurements as a part of controlling 
their operations. Many have therefore, wondered why such measurements have not 
been performed in a similar way in construction. One of the explanations put forward 
is that there are such large differences between manufachiring and construction. 

Construction firms produce a large variety of products ranging from the very simple 
(e.g. gravel roads and trenches) to the more complex (e.g. large hospitals and power 
plants). This large variety in products is also sometimes referred to as uniqueness of 
building projects (Godoy, 1991). The fact that most building projects are unique is 
sometimes also heard as being the largest difference to manufacturing. This might be 
partially true but there are also plenty of examples of manufacturing companies who 
have a very large variety in their products. One example is the multinational company 
3M who produces as much as 60 000 different products (Körschges, 1994). Another 
example is the truck and bus manufacturer Scania which manufactures more than 1000 
different variants of diesel engines (Jonsson, 1993). 

Another example was given in an article by Moffat (1991). She described how the 
Japanese National Bicycle Industrial Co., which is a subsidiary to the giant Matsushita, 
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had replaced mass production with flexible manufacturing. The customers were able to 
choose between as many as 11 231 862 variations of bicycle. This gave the customers 
what they really wanted: unique products. At the factory no production started until the 
customer had placed his order which was preceeded by measuring the customer at a 
special frame at the shop. After that the local shop faxed the specifications to the 
factory and within two weeks the bicycle was delivered. This is an example of how a 
relatively standardised product can be manufactured in a large number i f different 
variants. 

It is clear that a great variety in products is not only characteristic for construction. 
There are other differences, which are perhaps more apparent than the large variety of 
products. Some of the more important of these are: 

• A requirement of constructed products, as opposed to the products of the 
manufactming industry, is that they must resist the forces of nature over an 
extended period of time. Thus, durability is not only a characteristic of constructed 
products but also a requirement (Nam & Tatum, 1988). This very long length of life 
can also mean that use and functional demands change (Bengtsson, 1982). 

• The location of every project at a different site which means that the production 
facilities have to be moved for each new project (Committee on Construction 
Productivity et al, 1986 and Bengtsson, 1982). 

• In the manufacturing industry the finished products are transported to the market 
place. In contrast, the production process of construction takes place at the point of 
consumption, and the finished product of construction is generally immobile (Nam 
& Tatum, 1988) 

• The separation of design from production in the traditional building process. This 
prevents the combination of their individual expertise and have a negative effect on 
construction productivity (Griffith, 1984, Nam & Tatum, 1988 and Smith & Hanna, 
1993). 

• The seasonal and weather sensitive nature of the work (Committee on Construction 
Productivity et al, 1986). 

• The degree to which voluntary standards and mandatory regulations and building 
codes control construction (Committee on Construction Productivity et al, 1986). 

• Construction uses little fixed capital - plant and equipment - and being site-based 
no factory accommodation is required. Fixed capital costs are therefore low and 
can, i f many of the machines are rented, be treated as a variable factor in the short 
run. This stand in contrast to the situation in manufacturing (Lowe, 1987 and 
Wigren, 1990). 
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• The often very long manufacturing times in construction. While the manufacturing 
time for a product in the manufacturing industry often is counted in minutes or 
hours, or at the most in days, the time in construction is often counted in months or 
even years. 

It is also mteresting that the level of education in the construction industry in Sweden 
is substantially lower than in the Swedish manufacturing industry (Stähl, 1991). This 
could be related to the fact that the construction industry's investments in R&D are 
much lower than in other mature industries such as appliances, automotive, food and 
beverage, fuel and others. The reasons for this are (Committee on Construction 
Productivity et al, 1986): 

• A belief that construction is a service industry and that the responsibility for R&D 
therefore rests with the manufacturers of equipment, products and materials. 

• The fear that competitors will quickly learn anything worthwhile that has been 
developed since the results of construction-related R&D cannot generally be 
patented. 

• A belief that overhead expenses like R&D must be kept low in order to survive in 
periods of low activity. 

In a comparison with services the most obvious difference is that the product is 
tangible and that the consumption of the product takes place after delivery to the 
customer. This is, however, not always true since construction is so diversified. One 
example of construction being close to services is a construction management 
company. In such a case the company is not actually producing anything tangible but 
uses other firms (subcontractors) to perform the work. In some cases this is even done 
where the customer just "hires" staff to carry out the work of purchasing and co
ordinating the subcontractors. One could also argue that there is a difference arising 
from the type of contract used. With the traditional general contract the contractor 
takes no responsibility for the design and has thereby a limited responsibility for the 
product. This could be seen as a kind of service while other contract forms such as a 
design and build contract or the function contract, where the contractor takes 
responsibility for both the design and the finished product, are similar to 
manufacturing. There is, however, even in manufacturing production where the 
manufacturer does not participate in the design phase (contract manufacturing). 

As in construction, productivity measurements have not been used very frequently in 
services. The Royal Swedish Academy of Engineering Sciences (IVA) (1993) said in 
this matter: 

"It is a common statement that productivity in service organisations cannot be 
measured. One argument is that their quality aspect is too difficult to evaluate 
in quantitative terms. Some scholars go further, arguing that it is almost 
offensive to measure the productivity of such public-sector operations as 
hospitals and schools." 
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McLaughlin and Coffey (1990) also focus on the difficulty of evaluating quality in 
services. They said that in manufacturing it is easy to measure quality by tolerances or 
functionality of the finished product while quality in services to a large extent is in the 
eye of the consumer. But i f the difficulty in defining quality can be solved productivity 
measurements can be performed also in services. 

The reasons for not measuring productivity in services are to some extent similar as to 
those of construction. Except for the difficulties in defhiing quality in services the 
most obvious is, just as in construction, the definition of output. One example of this is 
health care where the methods of measuring productivity are very rough since it is so 
difficult to cover the large variations between different treatments (Atterstam, 1993). 
The most common is to register the number of treatment days, number of patients, 
number of visits from doctors, treatment times for various sicknesses and operations. 
The largest problem is to measure when it comes to long-term medical care where the 
cost per day of treatment has been used. Another reason why some service-providing 
organisations do not measure and manage their operations as well as a manufacturing 
company is that their operations can be characterised as highly diversified (Royal 
Swedish Academy of Engineering Sciences, IVA, 1993). 

Lately, there has been an increased interest in measuring productivity even in services 
and a number of studies have been made. One of these was a study of the service 
sector in Sweden and other countries made by the Royal Swedish Academy of 
Engineering Sciences, (IVA), (1993) in which the productivity for various companies 
and organisations was analysed. The sectors which they studied was: Retail Banking, 
Insurance, Mailing services, Postal giros, Food distribution, Schools and Medical care. 
By using measures as loss ratio, expense ratio, volume of mail per employee, cost per 
transaction, student/teacher ratio, cartons per employee or floor area, price-
development in comparison with the consumer prices and others it was possible to 
make a comparison in productivity between the various companies and organisations. 
They found that there appeared to be large differences in productivity between the 
various service organisations and those differences could be estimated in two ways. 
One was to see how much labour was needed to fulfi l a given function. The other was 
to compare the costs of specific services. Further, they found that one key factor 
behind the differences in productivity between the organisations were that they worked 
under different levels of competitive pressure. They also found that the best companies 
devoted a great deal of care to personnel matters, or human resources management. 

They also saw that in order to achieve higher productivity foreign companies used 
wages and salaries that were based on performance to a higher extent than Swedish 
companies. The compensation system was seen as an important element to achieve 
higher productivity. In the best companies the employees felt proud to work. It was 
more stimulating for them to work in a successful company than in a company with 
problems. It is therefore an important task for management to inform their employees 
about the success of the company. 

The single factor that they found had the greatest importance for results was dedicated 
and highly competent executives in the companies or organisations. Such leaders could 
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stimulate their employees to be efficient and innovative. They also studied two 
methods to improve productivity. The first one was to measure results and the other 
was to give instructions that specified how the work should be performed in order to 
achieve the desired results. They found that the organisations that measure their 
operations get a better idea of what is creating value-added for the customer. 

Another example from Sweden is a productivity study of day nurseries in Gothenburg 
(Bjurek et al, 1993). They found that there were significant differences between the 
nurseries. In their Data Envelopment Analysis (DEA) they used four different inputs, 
of which three were the number of days worked for three different kinds of personnel 
and the fourth was the number of square metres for the day nursery. As output they 
used the number of days for children divided in ages 0-2 years and 3-6 years. The 
result of this analysis was that there were significant differences between the units 
studied. The average efficiency was 0.84 and the lowest was 0.60, which, i f it was 
translated to numbers of children, means that 1 100 more could have been taken care 
of i f all the nurseries achieved maximum efficiency. Since a common objection against 
productivity studies in services is that differences in productivity only depend on 
differences in quality they also tried to compare the quality of the various day 
nurseries. They were not able to find any clear connections between efficiency and 
quality. They did, however, find that in areas where there were more social problems a 
larger input was needed to maintain quality. 

In the USA the United States Air Force (USAF) developed a technique to measure 
productivity in white-collar organisations (White & Austin, 1989). It was developed at 
an organisation within the USAF that produced highly complex weapon systems that 
required large manpower effort and years of development and acquisition time. In their 
productivity measurement system they started by identifying a number of specific 
factors which they believed had great effect on the workload of the organisation. The 
came up with factors related to budget, contracts awarded and projects in work. For 
these factors two types of conditions could be identified: quantity of work and rate of 
work. After that the relative importance of each factor was established and then it was 
possible to calculate productivity using the formula: 

Productivity = Raw data x Weight  
Maximum x Number of people 

where 

Raw data is one of the factors such as amount in USD or number of contracts 
Weight is the relative importance of the factor and 
Maximum is the highest amount of raw data one person can handle within the actual 
time. 

Using this productivity measure technique it was possible to raise productivity at an 
average of 17 percent in two years and some offices even managed to improve their 
productivity as much as 38 percent in the same time. 
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The Swedish nuclear power plant Forsmark owned by Vattenfall1 is another example 
of a service company who managed to measure and improve their productivity 
(Ollevik, 1993). The measures they used were accessibility and the operational cost in 
öre2 per kWh. The study showed that the accessibility lay at 92.2 percent, which can 
be compared with the average in Sweden which was 88.9 percent or the average in 
Germany which was 83 percent. Their operational cost was reduced from 4.7 öre/kWh 
in 1982 ti l l 3.5 öre in 1993. Most of the improvements made during this time were 
achieved through adrninistrative steps such as campaigns, bonuses and good planning. 

Even i f it is harder to measure productivity in services than in manufacturing there are 
a number of organisations who have started and succeeded in this. The Royal Swedish 
Academy of Engineering Sciences (IVA) (1993) found in their study that the best 
organisations were distinguished by the fact that they were forerunners in being able to 
measure and manage their operations. They further concluded that one important 
prerequisite i f companies and organisations are to improve their own productivity is 
that they should measure and monitor their operations more thoroughly. McLaughlin 
and Coffey (1990) even assert that there might be an advantage in measuring 
productivity in services. This advantage over manufacturing lies in the fact that 
services have a larger number of similar delivery units that can be compared. The 
typical manufacturing firm has a few plants which serve large geographical areas. 
Services on the other hand have to be produced where the consumers are. 

In services other measures than in manufacturing have to be used. The output/input 
ratio cannot be calculated many times since there are such large difficulties in defining 
output. Instead, other measures - indicators of productivity - have to be used. 
Examples of directly observable attributes that can be measured are: waiting time, 
speed of delivery, physical characteristics (cleanliness, temperature, colour), 
effectiveness, expertise, courtesy, following the script etc. (McLaughlin and Coffey, 
1990). 

One example of such indicators that has been used was reported in a study of the 
Swedish Post (Sandlund, 1993). Apart from measuring profitability they also measured 
two other important factors; customer satisfaction and the well-being of then own 
personnel. These two factors were measured by using questionnaires regularly. 

Even i f construction cannot easy be compared with manufacturing or services it is 
obvious that it is possible to measure productivity in any kind of organisation. Some 
measures used in manufacturing and in services should also be possible to use in 
construction. 

1 Vattenfall, which is the largest producer of electricity in Sweden, is owned by the state. 
2 1 0 0 öre = 1 SEK 
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1.7 PRODUCTIVITY MEASUREMENTS IN CONSTRUCTION 

Productivity measurements in construction firms in Sweden have historically been 
concentrated on labour productivity. In order to be able to tender it has been necessary 
to estimate the number of working hours required for the project in question. This has 
also been necessary since the workers have normally been working on piecework. The 
kind of measures used are hours per unit (e.g. m 3 concrete, m 2 brick wall, m 2 gypsum 
wallboard). 

However, it was not until the late 1950s that the construction industry began to use 
work study techniques to increase productivity at building and civil engineering sites 
(Heap, 1987). During the 1960s and the early 1970s, when there was a boom period in 
construction in Sweden, this technique was used for frequent measurements of labour 
productivity. One of the reasons for this was that labour was a scarce resource. By 
inventing new methods and machines it was possible to reduce the number of workers 
required and thereby improve labour productivity. Byggförbundet (1983) later 
concluded that the pace of technical development had slowed down after the intense 
development that took place during these years. The measures were, during this period, 
mainly obtained through traditional time studies. During this period books and 
booklets containing the results from such measurements were also produced, both 
inside the companies and outside. After this period, when there was a recession in 
construction in Sweden, labour was no longer the scarce resource it used to be and 
continuous measurements of labour productivity no longer had the same priority. Time 
studies were also no longer looked upon as a natural part in the selection of working 
methods. I f measurements were made they were made more seldom and not as 
systematically as before. So it is not unusual that many of today's cost estimates and 
basis for piecework negotiations are based on data which are more than 20 years old. 

Measurements of productivity have been performed on different levels such as activity, 
site, firm and sector. 

F I R M 

SITE 

A C T I V I T Y 

Figure 4. Different levels ofperforming productivity measurements in construction. 
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The most common way of measuring productivity in construction is to measure labour 
productivity for different activities. This has been done by the individual site managers 
as a tool for planning but the results have also been used by the estimate departments 
for future tenders. 

One example of productivity measurements at this level is a study of masonry 
productivity for 13 different buildings in seven countries (Hända et al, 1990). The 
authors observed large differences in labour productivity. The observed values varied 
from 0.063 to 0.354 working hours per square foot. 

Another similar study of bricklayers was made by O'Brien (1990).This study 
comprised a bricklayer crew in central Sydney. The measurements were made in a 
traditional way with engineers recording performance and working hours each day. He 
found great variations with a peak performance of 82 bricks/hour and a lowest value 
that was under 50 bricks/hour. 

Productivity measurements at site level in Sweden are seldom carried out (Albriktsen, 
1989). In a study made in Finland by Immonen and Rejström (1987) they even 
concluded that within the building sector in Finland, no comprehensive productivity 
investigations at work sites had been carried out. But even i f no such measurements are 
made during the construction time measurements of site productivity have often been 
done after project completion. The measures used have been the number of hours per 
m 2 or m 3 building etc. These results has, however, mainly been used as control figures 
in checking estimated hours for a project before a tender, but sometimes also for a 
rough estimate in a pre-tender stage. For these purposes a number of other key ratios 
such as: 

• subcontractor cost (e.g. electrical installation, ventilation and heating and plumbing) 
per flat 

• temporary healing per m 3 building and month 
• temporary electrical installation per m 2 building and month 
• machine costs per hour worked 
• expendable supplies per hour worked 

have also been used. 

But even i f examples of measurements of firm productivity are difficult to find in the 
Swedish construction industry there are some. One unusual but interesting example is 
a study made by Jagrén (1983) where the productivity measure was derived from the 
customer's process. He investigated the productivity at a large construction project, the 
nuclear power plant Oskarshamn III. In this study the author compared the 
development of productivity of the two reactors Oil and OHL The unit of the megawatt 
(MW) was selected as the overriding measure of output. The capacity of the 
installation regarding power production in MW during a certain period of time 
determines the value given to the installation. Assuming the same degree of availability 
and utilisation the author obtained a measure of output by looking at the capacity in 
MW. 
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By analysing bmlding costs (corrected for price changes) in relation to the number of 
MW for the various reactors they obtained an indication of productivity. It appeared, 
however, that these calculations included a number of sources of error that relate to 
changed execution as a result of other requirements, higher quality, etc. In the study, 
he also chose with regard to certain comparable parts such as turbine buildings, to 
carry out labour productivity measurements of a more traditional nature. These 
concerned comparisons of the more traditional measure of m^ building volume per 
hour, tons of reinforcement per hour, concrete per hour and m^ formwork/hour. 

The author established that it is very difficult to make comparisons of productivity 
measured in this way and for this type of project. The reasons for this are that the 
products are different and that it is difficult to make assessments of what these 
differences mean with regard to the value of the installation, the difficulty of carrying 
out certain operations etc. One result of the Oskarshamn study is thus that productivity 
measurements in many cases can give rise to "distorted" results. 

Another study of site productivity was made in Singapore by Lim and Price (1995). 
They made a study of eight public residential buildings under construction during the 
period 1992/93: Productivity was measured as square metres per man and day each 
month using the equation: 

rMonthly progress payment certified] 
L Total contract sum 

Lx Gross floor area 
Productivity = ——— (15 ) 

Monthly manpower 

In this way it was possible to monitor the development of each project. They found 
that this way of computing productivity figures for buildings under construction 
worked very well. The results for the projects varied from the highest value of 0.61 
m2/man-day to a low value of 0.41m2. They concluded that this could be a useful tool 
in measuring construction productivity and that it should be adopted by contractors 
who wish to monitor their performance monthly. 

One further example of site productivity measurement is an investigation of 42 
rehabilitation projects in Sweden performed during the period 1975-1982 (Bröchner, 
1984). The total cost figures for the projects and the extent of rehabilitation work was 
used together with a cost index in an attempt to estimate the rate of total productivity 
change. The extent of rehabilitation was established by using a system of 8 building 
components such as external, foundations, structure and others together with a 0-4 
scale for a degree-of-action index where 0 was no action, 3 was total replacement or 
major repairs and 4 was extraordinary measures. The result of the study was that an 
increase in productivity during the period studied could not be detected. 

In an attempt to develop a method for measuring productivity on site Lemon and 
Christian (1991) sent out a questionnaire to contractors in Canada asking them to rate 
several factors affecting construction productivity. The factors were by rated the 
contractors in accordance with their importance in maintaining maximum productivity 
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on site. The rating varied depending on type of project, size of the work force, duration 
of the project, degree of difficulty, type of contractor and so forth. Based on these 
results numerical values for Importance and Performance Frequency were assigned to 
the factors. In this way it was possible to form a Productivity Index that could be 
calculated by computer for a construction site: 

Productivity Index = — — — —— (16) 
^ ( I m p ) x (Freq max) 

where: 

(Imp) is the Importance rating of the factor 
(Freq.) is the Performance Frequency rating of the factor 
(Freq. max.) is the maximum value of Performance Frequency rating 

The measure should be seen as a subjective measure of the productivity. One problem 
they found was that the values of importance obtained from the questionnaire not only 
are subjective but also sensitive to time and location. This means that i f the 
questionnaire was sent out at another time or in other areas the result could possibly be 
different. 

Site productivity measurements were also made by Thomas and Kramer (1988) who 
made case studies of three contractors in the midwest of the USA. These studies were 
made to implement the ideas of measuring site productivity put forward by the authors 
in their manual on construction productivity measurements. The type of projects 
included in these studies were two industrial and manufacturing plants, a one-story 
supermarket, a six-story motel, a 32-story commercial office building and the 
renovation of a nine-story factory to a commercial office building. The measurements 
were made of labour productivity as the amount of working hours needed to complete 
one unit of physical output. The data from these measurements were mainly used for 
two purposes: The identification of factors affecting productivity and project 
monitoring and control. 

An example of measurements of firm productivity was a very comprehensive study 
conducted in Norway (Albriktsen & Førsund, 1990). The authors used the 
deterministic frontier approach to analyse the efficiency of 1077 different firms in 
1986. The studied units represented establishments with at least 5 employees. In then 
analysis they used value added for each establishment as output and labour and capital 
as input. The reason for using value added as output was the difficulty in finding a 
physical measure that could be used since there was such a variation among the 
products. Their analysis showed substantial differences in efficiency between the 
various companies. These differences were much greater than what was previously 
found when analysing manufacturing. They said: 

"The differences in efficiency between establishments are so large that one may 
wonder how these units can compete in the same market." 
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The productivity for the whole construction sector has been measured by the 
employers organisation for the contractors in Sweden, "Byggentreprenörerna", which 
has, up to 1993, been measuring labour productivity as m 3 of building volume per hour 
for different types of buildings such as dwellings and offices. Since this material has 
included data from all projects where piecework was applied within the companies 
associated with the organisation it has been possible to see the long-term trends. Since 
the responsibility for wages and other terms of employment is increasingly being 
transferred to the individual company there are nowadays no resources and very 
limited data to continue these measurements (John Engdahl, personal communication, 
8/11 1995). I f such measurements are to be made in the future, they will therefore have 
to be made by the individual company. 

1.8 DETERMINANTS OF CONSTRUCTION PRODUCTIVITY 

Many studies of productivity has been made to establish what factors affect the 
performance on sites and at firms. By establishing such factors it is possible to 
improve productivity but it could also be a help in finding a way of measuring site 
performance. 

The "Byggentreprenörerna", which is the employers organisation for the private 
Swedish construction companies, have previously made reports on the labour 
productivity in construction. In their latest report (Byggförbundet, 1983), containing 
statistics from 1982, they compared the number of working hours per cubic metre 
building volume (m3/h) for detached houses, block of flats, offices and industrial 
buildings. They found that there were three major things which could explain 
differences in labour productivity: 

1. The volume is the most important factor since it is possible on the large projects to 
use the serial effect. This effect is, however, not univocal. For all the building types, 
except for the office buildings, labour productivity has its peak around 40-45 000 
m 3 . After that, productivity goes down again. The disadvantages when the site is 
very large can be explained by such things as difficulties for the staff to lead and co
ordinate the work, long transport distances within the site, long distances to walk for 
the workers etc. 

2. Another factor of importance regarding labour productivity is the structure of the 
building. For buildings where the structure or parts of it has been prefabricated the 
time spent on each cubic metre is lower than i f the structure has been fabricated on 
site. 

3. The tmrd factor affecting productivity was the geographic region in which the object 
was built. Here, however, it was difficult to draw any univocal conclusions 
regarding the differences. 

Revay (1984) found that the larger the project the more productivity tends to suffer. He 
also found motivation to be the most important factor for job-site productivity. 
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In another study (Sundström and Andersson, 1980) where the authors compared 
current data for labour productivity in Sweden with historical data they stated that 
differences in labour productivity between various construction sites could be caused 
by: 

• an increased capital cost for machines and prefabricated parts 
• the transfer of work to subcontractors 
• achievement from the staff in designing, planning and supervision 
• possibilities for repetition of work operations 
• the size of the project and how it is designed 
• the length of the time for construction 

An increase in labour productivity can result from increases in the quantities of other 
inputs such as capital (Committee on Construction Productivity et al, 1986). 

O'Brien (1990) who made a study of the labour productivity of a bricklayer crew in 
central Sydney found that the variations could mainly be explained by three factors: 
weather, equipment failure and materials delay. 

In the study of masonry productivity conducted in seven countries (Handa et al, 1990) 
the differences in productivity which were observed could be explained by a number 
of factors such as: 

• Great variation of masonry units 
• Subcontractors or own craftsmen 
• Scaffolding provided by the masonry crew or by subcontractors 
• Payment practices 

In an analysis of factors influencing formwork productivity Smith and Hanna (1993) 
found that there were two groups of factors that had effect on formwork productivity: 
non-measurable factors as contract document and measurable factors as engineering 
design. Further they found that disruptions had a large impact on daily productivity. 
On the undisrupted days the average formwork productivity was almost three times as 
high as on the days with disruptions. 

In a study of construction foremen (Lemna et al, 1986) planning was found to be a 
significant factor that differentiated highly productive foremen from less productive 
foremen. The highly productive foremen were found to plan their work and the 
deliveries of materials further in advance than others. 

In a report on the development of productivity in the Swedish road-sector 
(Finansdepartementet, 1985) it is stated that changes in productivity can be caused by 
a number of reasons such as: 

• An increase in the quantities produced which reduces the unit cost 
• Changes in the production technique 
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• A different mix of inputs 

Shaddad & Pilcher (1984) states that the main productivity factors for a construction 
project are: 

1. External forces such as environmental, employment rate, financial, government, 
regulations and others. 

2. Utilisation of resources referring to contractual arrangement, industrialisation, 
mechanisation, economy of scale, technological innovation and others. 

3. Application of scientific techniques such as network analysis, work study, site 
layout, work activity cycle, work method and more. 

4. Information factors: information management, codes of presentation, information 
independence and information availability, uniformity and relevance. 

5. Structural factors such as project size, job location, complexity, company size, 
number of subcontractors, size of gangs and others. 

6. Training and selection factors: training, selection, knowledge, skills, attitude, 
ability, quality level and accidents. 

7. Motivational factors such as management of motivation, group relationships, degree 
of variety of tasks, level of labour turnover and others. 

In a survey of factors affecting construction productivity in Singapore (Lim & Alum, 
1995) some of the most important were found to be: 

• Difficulty in recruitment of supervisors 
• Difficulty in recruitment of workers3 

• High rate of labour turnover4 

• Absenteeism at the work site 
• Communication problems with foreign workers 
• Inclement weather 
• Late decisions and changes by owners/consultants 
• Poor co-ordination between various project consultants 

Thomas and Kramer (1988) found in a number of case studies at sites that labour 
productivity could be affected negatively by disruptions caused by: 

• Errors in drawings. 
• Changes in crew size. 
• Staffing practices. 
• Quality problems. 

In an attempt to determine the main factors impairing construction productivity the 
Construction Industry Development Council, an advisory body to the Government of 

3 It should be noted that two out of three workers in the Singapore construction industry were foreign 
workers. 
4 Many of the foreign workers are employed on a two year work permit but a large percentage leave 
before the expiry of their contracts. 
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Canada, conducted a survey among owners, contractors, and labour union officials 
(Chutter et al, 1984). They found that the factors which were considered to have the 
most detrimental effect on construction productivity were: 

• Ineffective communications between owners, designers, contractors, suppliers and 
labour. 

• Poor quality of drawings and specifications. 
• Inadequate use of planning and scheduling techniques. 
• Supervisory personnel lacking sufficient management training. 
• Unwillingness of labour to participate in productivity improvement efforts. 

In the study of the 1077 Norwegian construction firms (Albriktsen and Førsund, 1990) 
the differences in the efficiency distributions were further analysed using regression 
analysis in order to determine factors connected with high and low efficiency 
respectively. They found that for the input saving efficiency the result was positively 
connected to factors such as being subcontractor, producing one story dwellings, 
increased labour intensity and white-collar dominated establishments. The negative 
factors they found were production of multi-storey buildings, large use of 
subcontractors and high wages. 

In a study of the relationship between direct work and labour productivity Thomas 
(1991) listed a number of factors affecting labour productivity in the construction of 
nuclear plants: 

• Type, Scope, Layout and Complexity of the plant. Nuclear plants are not 
standardised. 

• Time Frame. As construction advances on a nuclear project the work becomes more 
difficult. 

• Construction Methods. The number of field labour hours are affected i f the 
fabrication is done off-site instead of on-site. 

• Weather. Plants that are constructed during winter should require more work hours 
than those constructed during warmer weather. 

• Skill of the Work Force. A skilled work force will be more productive than a less 
skilled one. 

• Work Practices. Things like work schedule, scheduled breaks, work methods and 
others affect productivity. 

• Length of workday. Shorter workdays are likely to lead to lower productivity than 
longer workdays. 

In another study Wigren (1990) analysed labour productivity measured as value added 
per employee in the Swedish construction industry during the period 1979-1984. He 
found substantial differences in productivity and by using a best practice analysis of 
the material he managed to draw the conclusion that it was possible to identify two 
types of organisation: One was characterised by low productivity, low capital-labour 
ratio and by an optimum size of firm which was quite big. The other which had a high 
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productivity, was capital intensive and had a size of firm which was substantially 
smaller. 

Shaddad & Pilcher (1984) says that site productivity in construction is a function of a 
complex system of interrelated variables such as psychological, technical, structural, 
environmental and managerial. Revay (1984) also says that management is a variable 
of great importance for productivity. The management practices which he says has the 
largest effect on labour productivity are: 

1. Plamuhg 
2. Communication 
3. Work environment 
4. Fair but firm discipline 
5. Ability to recognise and reward exemplary efforts 

In an attempt to develop a method for measuring productivity on site Lemon and 
Christian (1991) sent out a questionnaire to contractors in Canada asking them to rate 
several factors affecting construction productivity. The factors found were: 

• Supervision 
• Labour skill 
• Manpower availability 
• Job satisfaction 
• Worker motivation 
• Employee/management attitudes 
• Safety 
• Union work rules 
• Management capabilities 
• Contractors scheduling 
• Communication (contractor/employee) 
• Communication (engineer/contractor) 
• Project drawings and specifications 
• Time required for decisions 
• Owners scheduling 
• Degree of difficulty 
• Technology level 
• Material availability 
• Equipment suitability 

The utilisation of labour is sometimes considered being important for labour 
productivity (Handa & Abdalla, 1989). Whether there is a connection between idle 
time and labour productivity is, however, disputed. Thomas et al (1990) says that, for 
labour-intensive activities, waiting or delay time is not related to productive time and 
productive time is unrelated to productivity. 
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Determining factors of vital importance to site performance is a difficult task. Since 
these factors can vary between different sites, type of production, companies, regions 
or countries it is impossible to determine one set of factors which are vital to site 
performance at any site anywhere. Instead such analysis should be made within the 
logical limitation. While extreme cold during the winter can be a vital factor in the 
northern part of Sweden it might be very insignificant in the southern parts of the 
country. 

The factors affecting site productivity pointed out by a number of researchers can be 
divided into different groups. These are activity, site, firm and sector. A summary of 
the most important factors divided into these groups would be: 

• Activity: • weather 
. delayed materials 
. skill of workers 
. motivation of workers 
• equipment suitability and reliability 
. group relationship 
. payment practices 
. repetition of work operations 

• Site: • management ability in planning and supervision 
. mix of inputs such as subcontractors and prefabricated 

material 
. size of the project 
. design of the project 
. the contract 
. site layout and complexity 
. personnel turnover 
. communication 
. late decisions and changes by owners/consultants 

• Firm: • firm size 
. technology level 
. information practices 
. motivation of the management 
. type of contractor 
• production mix 
. purchasing and logistics practices 

• Sector: • employment rate 
. financial situation 
. regulations 
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1.9 DISPOSITION 

In this first chapter the background for this study has been presented and its purpose 
has been formulated. A short introduction to the methods used has also been given. 
This chapter has also contained a discussion of the traditional economic key ratios and 
other ways of measuring site performance. Benchmarking as a tool for a process of 
continuous improvement has been introduced. In this chapter a comparison between 
construction and other organisations in manufacturing and in services with respect to 
performance measurements has been made. Examples have been given of how 
productivity has been measured in construction and an attempt has been made to 
identify determinants of construction productivity. 

1. INTRODUCTION 

APPENDIX 
1. QUESTIONNAIRE 
2. SUMMARY 

STATISTICS 
3. PROBABILITY 

PLOTS 
4. CASE STUDY 

L E T T E R 
5. INTER VIE VED 

PERSONS 
6. PROJECT DATA 

5. DISCUSSION 

Figure 5. Disposition of thesis. 

In chapter two the theories behind DEA are presented and a brief information about 
regression analysis and how it has been used is given. Here information regarding the 
data that was used to perform the DEA is given. This part also explains how the 
inquiry to the site managers was made and how the results of it have been used 
together with the results from the DEA in a multiple regression analysis. The results 
from both the DEA and from the regression analysis are presented for the three project 
types studied; blocks of flats, offices and roads and bridges. For each of thse three 
project types an attempt has been made to establish factors of importance to site 
performance. Factors that seemed to be unimportant are also discussed. 

Chapter three contains the results from an extensive multiple case study of productivity 
measurements at plants in the manufactaring industry, but also at construction sites. 
The case study as a method is presented and an explanation is given to how the various 
production units studied were selected. In this chapter each company studied and their 
measures of performance is accounted for. At the end of the chapter conclusions are 
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drawn and the manufacturing industry and their measures are compared with the 
studied units in the construction industry. Advantages and disadvantages with different 
measures is discussed. 

In chapter four the results from a field study where eight projects were followed very 
closely are presented. During the time the projects were followed a number of different 
key ratios were measured. The key ratios chosen and how the sites were selected is 
accounted for. The outcome of the measurements is presented and conclusions are 
drawn regarding advantages and disadvantages with each measure. 

In the last chapter, number five, the results from the DEA, the case studies and the 
field studies are put together. These results are also compared with results obtained by 
others. In this chapter there is further more a discussion based on the different 
approaches that needs to be taken depending on type of production and i f the 
evaluation should be done continuously or at intervals. The chapter also contains 
recommendations on how measurements can be done. The possible applications of 
measurements on construction sites is also discussed. 

At the end of this thesis there is an appendix containing additional information from 
chapters two to four. 
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2 A " B E S T P R A C T I C E " A P P R O A C H T O C O N S T R U C T I O N 

P R O J E C T S 

This chapter is based on a study carried out by Professor Finn Førsund at the 
University of Oslo, Norway, Rolf Albriktsen at the economic consultant company 
ECON in Oslo and the author. The study was conducted between 1992 and 1994 and 
the main results were presented at the 9th World Productivity Congress in Istanbul, 
Turkey, 1995 and at the 13th International Congress on Production Research in 
Jerusalem, Israel, 1995 (Jonsson et al, 1995a and 1995b). 

2.1 BACKGROUND TO THE STUDY 

Data Envelopment Analysis, DEA, as a method for analysing productivity has 
developed rapidly throughout the world during the last 15 years. In the USA and Great 
Britain the method has been used to analyse such divergent organisations as hospitals, 
courts, school districts, pharmacies, electric power generation plants, fast food 
restaurants and retailing and banking organisations (Norman & Stoker, 1991). In 
Norway it has also been used to analyse the construction industry (Albriktsen & 
Førsund, 1990). The metod had, however, not previously been used to analyse 
productivity at the site level in the Swedish construction industry. We therefore 
decided to make an extensive study of productivity at site level. Three of the major 
companies in Sweden were contacted and asked i f they were interested in participating 
in such a study. One of these companies, NCC, offered to provide us with data from 
their projects. 

Apart from using DEA at site level we also wished to determine which factors were 
associated with high productivity and which factors were associated with low 
productivity. Such information could be vital for strategic company decisions but 
hopefully, could also identify indicators that could be used to measure site 
productivity. 

2.2 METHOD 

2.2.1 Theory behind DEA 

The DEA (Data Envelopment Analysis) approach defines a non-parametric frontier 
which serves as a benchmark for efficiency measures. The location of the frontier 
relative to each observed unit is constructed as an artificial benchmark unit. This 
benchmark is a linear combination of efficient units in a sample. 

The production possibilities of transforming inputs into outputs are described by the 
general transformation function: 

?(y,x)<0 (17) 
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where y is the output vector and x the input vector. Equality signs indicate an efficient 
operation, i.e. the transformation is taking place on the frontier production function. 
Standard properties are SF/ov >0, 52F/52y <0, 5F/5x <0, 5 2F/8 2x <0. 

In the DEA approach, efficiency measures (Farell, 1957) can be defined in the usual 
way; see Førsund and Hjalmarsson (1974, 1979 and 1987). Thus, Farrell input saving 
efficiency, E, is defined as the ratio between the potential use of input with frontier 
technology, OR, and the actual use of input, OP, when keeping output constant, 
E=OR/OP. 

Output 

Constant Returns to Scale 

Variable Returns to Scale 

Input 

Figure 6. Farell input-saving efficiency measure 

Formally, considering a cross-sectional data set of n observations the Farell input 
saving efficiency measure for unit j is defined by: 

Eij = Min a , . (at,: F l ( y j , a l j x j ) < 0}, i,jsT (18) 

where a j is the scaling factor, _Vj is the output vector and xs is the input vector. F (yj, Xj) 
is the transformation function describing frontier technology. We assume that no unit 
can perform better than the frontier technology, F(.); i.e. a deterministic frontier 
(Førsund et al, 1980) is adopted. (With a stochastic frontier a best practice observation 
may be realised outside the frontier.) The efficiency measure must be between zero 
and one. 
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To obtain the efficiency scores an LP (Linear Programming) problem is solved for 
each unit. Assuming k inputs, m outputs and a benchmark sample of n units, the formal 
problem for unit j can most conveniently be stated as follows: 

Min, Ej 

J ( 1 9 ) subject to. 

n 
(a) Yzjj jj > y j , (b)Xzjj < x j E j , (c) I.Z.J = 1. (d) > 0 , / = l , . 

where 

7 is the mxn matrix of outputs in the benchmark sample 
Xis the kxn matrix of inputs in the benchmark sample and 
Zjj is the nx l vector of intensity weights defining the benchmark unit to be compared 
with unit j . 
E j , yj and xs were defined above. 

The piecewise linear frontier production function is based on the best practice 
observations. Restriction (a) means that that the output reference point on the frontier 
is a linear combination of observed output points with weights Zjj and that the frontier 
point must have an output level larger or equal to the observation j being analysed. 
Restriction (b) expresses the same in the input dimension. The input reference point on 
the frontier is a linear combination of best practice observations applying the same 
weights, Z y , and at the frontier point the use of inputs should be less or equal to the 
efficiency corrected use of inputs of the unit in question. Restriction (c) implies that 
we are using convex combinations of of best practice observations, leading to variable 
returns to scale. Restriction (d) limits the weights to be non-negative. 

2.2.2 Scale properties 

With no upper limit on the sum of weights the best practice observations with 
maximum productivities will be chosen as best practice units on the frontier, i.e. small 
units will be "blown up", and/or large units will be scaled down to form reference 
points, leading to a constant returns to scale (CRS). In the previous figure observation 
A is the best practice unit with the maximal productivity and this unit will therefore 
determine the best CRS frontier. This corresponds to solving the problem (3) with an 
unrestricted sum of weights Z j j , i.e. restriction (c) is omitted. 

Variable returns to scale (VRS) may seem to be the most natural assumption since the 
degree of scale economies is a classical issue, and since the efficiency scores obtained 
are then more robust with regard to misspecificafion. But it should be noted that our 
sample is small at large unit sizes. With a variable returns to scale technology most 
large units will appear as fully efficient, possibly only for lack of comparable truly 
efficient units (Berg et al, 1991). The assumption of CRS allows us to compare large 
units with much smaller units and thus to avoid having them appear as artificially 
efficient. Since each assumption has its advantages, we shall use both assumptions in 
our empirical applications. 
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2.3 DATA 

When we started our study we decided that we wanted to have projects representing 
both building and civil engineering projects in our study. We also decided that the 
projects were to comprise only new construction. Since we wanted the projects to be 
as amenable to comparison as possible we did not want to include conversion projects. 
In order to have a sufficient number of bridges in the study we later decided to include 
conversion for that kind of projects as well. The type of project we finally decided to 
include in the study was: 

• New construction of block of flats 
• New construction of offices 
• New construction of roads 
• New construction and conversion of bridges 

The projects to be included in the study were chosen from all projects of the company 
during the period 1989 to 1992 by using a number of criteria: 

1. They were to be won in competition with other contractors. During the period 
studied it was not uncommon to negotiate with only one contractor before signing 
the contract. Since we were going to use value-added5, which includes the profit, as 
output it was important that the projects were carried out in similar market 
conditions. We believed that projects where the contractor was negotiating with the 
client without competing bids from other contractors possibly had higher profit 
margins than those where there were competing bids. 

In some cases of design and build contracts, where the client is only negotiating 
with one contractor, it is not unusual for the contractor to have been working on 
investigations, design and cost estimations for years. In such cases, costs inccurred 
by the contractor before a contract was signed with the client had never been 
transferred down to project level but had been booked earlier to other accounts. So 
even i f the profit for such projects, taking into account all earlier costs, is no larger 
than others the effect at project level will be a larger profit, and thereby also a 
higher value-added, than those projects where normal tendering has been used. This 
kind of project has therefore been excluded. 

Another type of project which was excluded was projects with a cost plus contract. 
It is true that the client at such projects could have competition between different 
contractors i f the contractors had offered labourers at a certain rate per hour together 
with an increase in percent on the costs of materials, equipment and subcontractors. 
But since value-added in this case is directly proportional to costs incurred, an 
increase or decrease in input will be followed by a corresponding change in output. 
Measurement of this kind of projects did, therefore, seem to have little meaning. 

5 Value-added is here defined as total invoicing minus the costs of materials and subcontractors. 
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2. The date of the contract. When we first discussed how to make this study in the 
spring of 1992 the previous boom period, which lasted from the end of the 1980s to 
1991, had changed into one of the deepest economic recessions this country has 
ever seen. Bearing in mind how the economic result at site level can vary between a 
boom period and a recession we realised that it was important to choose a period of 
time where market conditions were relatively stable. While construction companies 
during a boom period can win contracts in competition with an estimated margin of 
10 percent or even more, it is difficult even to cover costs during a recession. I f we 
assume that the cost of materials and subcontractors for an ordinary project is 
estimated at 70 percent6 of total cost, a change in margin for covering overhead and 
profit from 10 percent to 2 percent would give the following change in value-added: 

(110-70)-(102-70) 
] 1 0 _ 7 0 = 0.2 or 20 percent (20) 

Since we knew that the time of signing the contract had such a large influence we 
decided that contracts studied would be signed during the period January 1989 to 
June 1990. We whished to have a period that was long enough to include a 
sufficient number of projects but not long enough for market conditions to have 
changed substantially. During this period the market was stable and the level of 
activity was high and it could therefore be assumed that the projects won in 
competition had similar margins. After this period, prices and margins dropped 
dramatically and projects won after June 1990 were therefore excluded from our 
study. 

3. The third criterion was the size of the project. The size of the project affects the 
number of contractors bidding and thereby the competition. With respect to very 
large projects, even major Swedish contractors had difficulty in commanding the 
resources required. They therefore often formed alliances7 with others in order to 
avoid tying up resources and to reduce risks. If the projects were very large we 
therefore assumed that competition had been limited and that this would have 
affected the prices upwards. In our study we decided that total invoicing for each 
project should not exceed SEK 100 million (approximately USD 15 million). We 
considered that there clearly was a risk of competition being limited at projects 
larger than that. 

4. The fourth criterion was the date of completion. In order to know the total cost and 
revenue the projects had to be completed and a final agreement reached with the 
client. We decided to include all projects that had been completed during 1991 and 
1992. The shortest theoretical project time would thus be June 1990 to January 1991 
and the longest would be January 1989 to December 1992. 

6 A calculation for the projects included in our DEA shows that the cost of materials and 
subcontractors amounts to approximately 70 percent of total cost. 
7 Swedish legislation has now been changed in order to make tender consortia illegal in most cases. 
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These criteria encompassed 104 projects constructed during the period 1989 to 1992. 
These projects include 33 office buildings, 40 blocks of flats and 31 roads and bridges. 
For the 104 projects chosen total invoicing amounts to SEK 2 232 million. Office 
projects comprise SEK 756 million of this, blocks of flats comprise SEK 1 286 million 
and roads and bridges SEK 190 million. 

As output in our DEA we used value-added and as input the cost of staff, workers and 
equipment. From the cost accounting system at NCC it was possible to find the 
information necessary such as total invoicing and cost of subcontractors, materials, 
equipment and personnel. An example of value added plotted against one of the inputs 
is shown below (compare with previous figure showing Farell input saving efficiency). 

Value added in MSEK 
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Cost of blue collar workers in MSEK 

Figure 7. Plot of value added against the cost of workers for the 40 blocks offlats 

There are several factors that in one way or another are associated with high and low 
productivity at site. Construction is normally so complex that it would be impossible to 
identify only one or two factors of importance for performance. It is difficult, i f not 
impossible, to measure certain factors. For these reasons we decided to try to 
determine as many of important factors as possible. 

We managed to obtain information from NCC regarding the contract form for each 
project and the formal education of the site manager and the length of time he had been 
with the company. 

The information obtainable from the company's accounting system was, however, not 
considered to be sufficient for a thorough analysis of the results from the DEA and we 
therefore also sent out a questionnaire to all site managers at these projects8. The 
information we asked for was: 

See appendix for the complete questionaire. 
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The original contract sum. With this information added to our previous knowledge 
of the amount of total invoicing it was possible to calculate how much the contract 
sum had changed during the construction time. This could be seen as a measure of 
change with respect to the original. 

The actual construction time compared with the time stipulated by the contract. A 
shorter actual time than in the contract could be an indication of high productivity 
and an increase in actual time could be an indication of low productivity, but it 
could also be caused by delays or by the client requiring many changes. 

Time for planning the project before starting actual construction. Planning was 
considered by the company as one of the most important factors for productivity at 
site. To measure the quality of planning is, however, difficult. But we believed that 
there had to be a relation between the time available before the start of construction 
work at site and the quality of planning. The difficulty here was that the time 
required for planning a large project is greater than for a small project. The 
relationship is, however, not linear and we therefore chose to divide the planning 
time in weeks by the square root of the total invoicing. 

The number and kind of persons involved in planning before the actual start of 
construction and during the time of construction. We believed that the quality of 
planning was not only affected by the time available but also by the number and 
kind of persons that had participated. 

The designer of the project. Within NCC there is an in-house design unit which is 
sometimes used to design the project. We wanted to examine i f this arrangement 
was better than having design work carried out outside the company which is 
actually the most common practice. 

The number of workers and staff at site. Since this varied during the construction 
time we asked for the number when production was at its peak. 

The actual payment per hour to the workers. This varied for the workers with piece
work payment but this also varied to some extent for those who were paid by the 
hour. It is generally thought that there is a direct relationship between payment in 
SEK/hour and efficiency. 

If important parts had been prefabricated. This would reduce the number of actual 
working hours at site, thereby reducing the risk of disruption. 

Serious disruptions. Such would undoubtedly have a negative effect on productivity. 

Form of payment to workers. We whished to see i f there was a difference between 
the projects where piece work had been paid and those where hourly wages had 
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been paid. The infomation we recieved showed, however, with one exception, that 
the offices and the block of flats only had solely used piece work and that the 
opposite was valid for the roads and bridges, where the payment had been made as 
hourly wages. An analysis of this was therefore impossible and this variable was 
excluded from our analysis. 

Regarding variables that we did not include in our analysis but which could be of great 
importance the organisation should be mentioned. It is reasonable to assume that the 
persons at site and the way in which they work together has a great influence on the 
total performance. Such factors and i f they have worked together on previous projects, 
how the work is organised, cooperation with the client, management, competence of 
the staff and workers and engagement can probably account for a large part of the total 
performance at site. To measure such "soft" factors is difficult but, with the right 
method, not impossible. We did not, however, include all these even i f we made an 
attempt to measure the competence of the site manager. 

Unfortunately many site managers had left NCC due to the recession and it was 
therefore impossible to obtain the information we wanted from all the projects studied. 
For the office projects we managed to get usable answers from 28 site managers which 
is 85 percent of the total number included in the DEA. For the blocks of flats the 
number of answers was also 28 which corresponds to an answering frequency of 70 
percent; and for the roads and bridges we recieved 19 answers which is 61 percent of 
the projects. 

2.4 RESULTS 

2.4.1 Blocks of flats 

For the 40 blocks of flats included in our analysis the result from the DEA using con
stant returns to scale can be summarised in an efficiency distribution diagram. 
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Figure 8. Efficiency distribution diagram for the blocks offlats using CRS for the DEA 

In the figure each project is represented by a histogram and the width of the histogram 
is proportional to the size of the project, measured as total invoicing. This figure shows 
that: 

• Three projects determine the production frontier and they represent about 5 percent 
of the total turnover. 

• The small and the large projects are evenly spread in the diagram. 
• The efficiency for many of the projects must be considered as low. 

A further analysis using the DEA with variable returns to scale for the 40 blocks of 
flats gives the following result: 
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Figure 9. Efficiency distribution diagram for the blocks offlats using VPS for 
the DEA 

This figure shows that: 

• Eight projects determine the production frontier and they represent about 17 
percent of total turnover. 

• The small and the large projects are also here evenly spread in the diagram 
• Efficiency for many of the projects must be considered as low. 

The results from the DEA together with the information from the site managers have 
been analysed using multiple regression. The main purpose of this multiple regression 
analysis was to determine i f the difference in efficiency measured with DEA can be 
explained by the variation in the variables we used. How much the variables can 
explain is given by the coefficient of determination R2 (adjusted for degrees of 
freedom) which can vary between 0 and 1 where 0 is no explanation and 1 is total 
explanation. The results can also be used to design a model for predicting efficiency. 

To select a suitable multiple regression model a combination of backward stepwise 
regression and Mallows' Cp-criterion have been used. When selecting a "best" 
regression model there is no unique statistical procedure for doing this. Hence more 
than one criteria should be used. According to Rawlings (1988) Mallows' Cp statistic 
and the significance level in stepwise regression appear to be the most favoured criteria 
for selecting a model. According to the Mallows' C p criteria a model is adequate i f Cp 
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approximately equals p, where p is the number of parameter estimates, i.e., p = 1 + the 
number of X variables in the model. I f C p is much larger than p one or more important 
variables has been omitted. We have tried to find the best possible models to give as 
low a value of C p as possible using a small number of variables where also p « Cp. 

In the backward stepwise regression the "F-to-stay"-value corresponding to a 
significance level of 0.05 has been used. However by using the Mallows' Cp-criterion 
there are variables included in the models which were not included by just using the 
backward stepwise regression. The significance level is in no case higher than 0.06. 

A model containing multicollinearity, or intercorrelations among X variables that is 
excessively high, has to be adjusted. To guard against multicollinearity each model 
was analysed with regard to the matrix of correlations between coefficient estimates as 
well as the matrix of correlations between variables. We have considered correlation 
as being too high when the absolute value of the correlation coefficient is larger than 
0.9. (For more information about regression see Draper & Smith, 1981 or Hamilton, 
1992). 

The software used in the regression analysis was STATGRAPHICS 7.0 and STAT-
GRAPHICS PLUS from Manugistics9. 

The variables we have used in the analysis are: 

• EFFVRS which is the dependent variable containing the result from the DEA using 
variable returns to scale, VRS. Theoretically it can vary from 0 to 1 where 0 is no 
efficiency and 1 is maximal efficiency. 

• EFFCRS which is the dependent variable from DEA using constant returns to scale, 
CRS. It can also vary from 0 to 1. 

• INVOICING which is the total invoicing for the project. It is a measure of the size 
of the project. 

• CONTRACT which is a dummy variable describing the type of contract where 1 
means a design and build contract and 0 stands for the traditional general contract. 

• ADDCOST which is a measure of how much the contract sum has changed in 
percent during the construction time. 

• CHANGETIME is a measure of how much the contract time has changed in weeks 
when the project was finished. "Minus" when the time is shorter and "plus" i f the 
time is longer. 

9 Manugistics Inc., 2115 East Jefferson Street, Rockville, Maryland 20852, U.S.A. 
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EMPLTIME which is the number of years the site manager has been employed by 
the company. A rough measure of the experience of the site manager. 

SUBCONTR which is the ratio between work performed by subcontractors and by 
the contractors own personnel. It is measured as the cost of subcontractors divided 
by own costs. 

AVEPAYMENT is the average level of the wages for the own workers in SEK/h. 

PREFAB which is a dummy variable where 0 means no prefabrication and 1 means 
prefabrication of important parts of the project. 

DISTURB 1 is a dummy variable for disruptions. Here 0 means no serious disrup
tions and 1 means disruptions that have hampered the work such as extreme cold, 
strikes among the workers and delays of important deliveries. 

DISTURB2 is also a dummy variable for disruptions but in this case 1 represents 
disruptions which have been negative for the work but where the contractor has 
been paid for this by the client while 0 means no such disruptions. Examples of 
such delays are delayed building permits, changes ordered by the client and 
archaeological excavations in the ground. 

PLANTIME is the time in weeks available for planning before the actual start of 
construction divided by the square root of the total invoicing. By dividing with the 
square root of total invoicing we take in account that projects of different size 
demand different time to plan. 

EDUCATION 1 and EDUCATION2 are dummy variables for the formal education 
of the site manager. They have been split up into three groups: no formal education, 
secondary education and university education. 

PLANBEFORE is the number of people involved in planning before starting the 
construction work. 

PLANDURING is the number of people involved in the planning during the con
struction time. 

BLUEBEFORE is a dummyvariable showing if a representative from the blue-
collars had participated in the planning before actual start of construction. 1 means 
that a representative from the workers has participated and 0 means no participation. 

BLUEDURTNG is a dummyvariable showing i f a representative from the blue-
collars had participated in the planning during construction 1 and 0 has the same 
meaning as for the previous variable. 
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• WHITE/BLUE which is the number of staff divided by the number of workers at 
full production. 

• DESIGNER is a dummy variable describing who has carried out the design work. 1 
stands for the in-house designer NCC Teknik and 0 stands for external designers. 

Summary statistics for these variables are found in the appendix. 

The regression analysis together with Mallows' C p based on the answers from the 28 
project managers gave the following results in the CRS case: 

Table 2. Multiple regression analysis with EFFCRS as dependant variable 

Variable Estimate Standard Error T Statistic P-Value 
CONSTANT 0.9635 0.0814 11.837 0.000 
CHANGETJME -0.0432 0.0143 -3.0345 0.006 
CONTRACT -0.1306 0.0645 -2.0235 0.055 
PREFAB -0.1594 0.0662 -2.4095 0.025 
DESIGNER 0.6331 0.1646 3.8466 0.001 
DISTURB 1 -0.2633 0.0678 -3.8827 0.001 

n = 28 
R-squared = 51.5 percent 
R-squared (adjusted for d.f.) = 40.6 percent 
Standard Error of Est. = 0.14, d.f. = 22 
Mallows' Cp = 6.67 

One assumption for using regression analysis is that the residuals are normally (or at 
least approximately normally) distributed. This can be checked by making a normal 
probability plot for the residuals in each model1 0. This is illustrated in the diagram 
below which shows the residuals for the model above. 

0 Normal probability plots for each model can be found in the appendix. 
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Figure 10. Normal probability plot for residuals 

As we can see in the figure the residuals seems to be normally distributed which means 
that there is no reason to consider the assumption of normality to be wrong. 

Calculating the matrix of correlations between coefficient estmates we see from below 
that no absolute value of correlation is larger than 0.9. Checking the matrix of 
correlation betweenXvariables we find the highest correlation to be 0.65. Hence we 
do not suspect severe mulficollinearity. 

Table 3. Correlation matrix for coefficient estimates 

CONSTANT CHANGE-
TIME 

CON
TRACT 

PREFAB DESIGNER DISTURB 1 

CONSTANT 1.00 -0.19 -0.71 -0.72 0.31 -0.33 
CHANGETIME 1.00 0.16 0.27 -0.69 0.21 
CONTRACT 1.00 0.22 -0.26 0.13 
PREFAB 1.00 -0.33 0.15 
DESIGNER 1.00 -0.47 
DISTURB 1 1.00 

The result from the chosen model is that about 40 percent of the changes in efficiency 
measured with DEA using constant returns to scale can be explained by the variables 
in the model. Mallows' C p = 6.67 is close to p = 6, which fullfilles our previous criteria 
p*Cp. 

The regression analysis together with Mallows' Cp based on the answers from the 28 
project managers gave the following results in the VRS case: 
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Table 4. Multiple regression analysis with EFFVRS as dependant variable 

Variable Estimate Standard Error T Statistic P-Value 
CONSTANT 1.0741 0.0862 12.460 0.000 
CHANGETIME -0.0355 0.0151 -2.352 0.028 
CONTRACT -0.1636 0.0683 -2.394 0.025 
PREFAB -0.1428 0.0701 -2.038 0.054 
DESIGNER 0.5193 0.1743 2.979 0.007 
DISTURB 1 -0.2889 0.0718 -4.022 0.001 

n = 28 
R-squared = 50.2 percent 
R-squared (adjusted for d.f.) = 38.8 percent 
Standard Error of Est. = 0.150, d.f. = 22 
Mallows' Cp = 6.18 

Calculating the matrix of correlations between coefficient estmates we see from below 
that no absolute value of correlation is larger than 0.9. Since the matrix of correlation 
between X variables contains the same variables as the previous one we do not suspect 
multicollinearity here either. 

Table 5. Correlation matrix for coefficient estimates 

CONSTANT CHANGE-
TIME 

CON
TRACT 

PREFAB DESIGNER DISTURB 1 

CONSTANT 1.00 -0.19 -0.71 -0.72 0.31 -0.33 
CHANGETIME 1.00 0.16 0.27 -0.69 0.21 
CONTRACT 1.00 0.22 -0.26 0.13 
PREFAB 1.00 -0.33 0.15 
DESIGNER 1.00 -0.47 
DISTURB 1 1.00 

The result from this model, which contains the same variables as the previous one, is 
that about 39 percent of the changes in efficiency measured with DEA (VRS) can be 
explained by the variables in the model. Mallows' C p = 6.18 is very close to p = 6, 
which fullfilles our previous criteria p ~ C p. 

The model can be graphically shown in a diagram where the predicted values of E are 
plotted against the observed values. The differences between predicted values and 
observed is a measure of how well we have managed to describe the reality with our 
model. 
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Figure 11. Predicted values versus observed values 

The identified variables that seem to be connected with the efficiency measured with 
DEA using both constant and variable returns to scale are: 

CHANGETIME which has a negative connection to the efficiency. The effect is, how
ever, small. This means that i f the actual construction time was longer than the time 
decided in the contract it is an indication of low efficiency and i f the actual time was 
shorter it is an indication of high efficiency. This is something that could be expected 
since the cause of an extension of the construction time could be low labour produc
tivity. However, extended time could also be caused by factors such as a delayed 
building permit, changes ordered by the client or archaeological excavations. Such 
delays could give the contractor right to additional payment. Depending on how much 
the contractor was payed in such cases it could affect the total value-added and thereby 
also the efficiency measured by DEA. In this material in only 2 of the 28 answers does 
the site manager say that there have been delays caused by the client. 

CONTRACT which also seem to be connected with low efficiency. This means that 
projects made with a design and build contract has a lower efficiency than those with 
the traditional general contract. Allowing the producers to influence the design should 
according to this, be a negative step. This is something which is in deep contrast to the 
development in other industries where design and production are increasingly being 
integrated. There is, however, a big difference between the two contract forms when it 
comes to compensation for changes during the construction time. In the case of a 
general contract all changes from the original design should be added or subtracted 
from the contract sum. With a design and build contract the contractor takes on a 
greater responsibility and will not be compensated for changes caused by bad design. 
This can be illustrated by the fact that of the projects with a general contract the 
average additional cost was 9 percent of the contract sum while for the design and 
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build contract this only amounted till 4 percent11. There is no reason to believe that 
there are more changes with a general contract than with a design and build contract 
and the only reason for the big difference in additional cost must therefore relate to the 
fact that the contractor is able to demand additional payment. For the projects with a 
design and build contract this could mean that there were unforeseen expenses 
amounting to 5 percent of the contract sum, which of course affects the value-added 
negatively which later in our analysis shows as low efficiency. 

PREFAB which is also related negatively to the efficiency. In the projects where 
important parts have been prefabricated it is mainly the structure or parts of it that have 
been bought as precasted concrete. This normally reduces the number of working-
hours at site. Another effect is that prefabrication reduces the exposure to bad weather. 
This is a development which we can see in other industries where they are trying to 
reduce the times of assembly and the exposure to disturbances by buying many things 
prefabricated. During the period in question there was a shortage of skilled concrete 
workers and many site managers chose to buy the structure in precasted concrete. The 
large demand for precasted concrete naturally affected prices and delivery times 
detrimentally so the conclusion we can draw is that buying precasted concrete during 
this period was not very cost-efficient. It is possible that the opposite result would have 
been obtained today when we have over-capacity at the precasting factories. 

DESIGNER is connected with high efficiency and the effect is relatively large. This 
means that the projects where the internal NCC Teknik had been used to carry out the 
design showed a higher efficiency. In our material, 2 of the 21 projects comprised a 
design and build contract where NCC Teknik was used to carry out the design work.. 

DISTURB 1 meaning serious disruptions greatly reduces the efficiency. That bad 
weather, strikes, delayed deliveries etc. would have a negative effect is not surprising. 
The problem here is that it is impossible to eliminate many of these disturbances. 

1 1 From the 28 answers 7 came from projects with a general contract and the rest were design and 
build contracts. 
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2.4.2 Office buildings 

The result from the DEA using CRS for our 33 office buildings is shown in the 
Efficiency distribution below. 

E1 

1.0 1 

Output share 

Figure 12. Efficiency distribution for the office buildings using CRS for the DEA 

This figure shows that: 

" Eight projects are determining the production frontier and they represent about 17 
percent of the total turnover. 

" Many small and middlesize projects have high productivity while the largest pro
jects all have lower productivity. 

• The differences in efficiency are relatively small. The project with the lowest effi
ciency has over 70 percent of maximum efficiency. 

Further analysis using the variable returns to scale for the 33 office buildings gives the 
following result: 
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Figure 13. Efficiency distribution for the office buildings using VRS for the DEA 

This figure shows that: 

• As many as 17 projects are determining the production frontier. They represent 
almost 70 percent of the total turnover. 

• A l l the large projects are performed with 100 percent efficiency. 
• The efficiency for all the projects must be considered as high. 

The regression analysis together with Mallows' Cp based on the answers from the 28 
project managers gave in this case the following results based on CRS: 

Table 6. Multiple regression analysis with EFFCRS as dependant variable 

Variable Estimate Standard Error T Statistic P-Value 
CONSTANT 0.7863 0.0370 21.23 0.000 
PLANBEFORE -0.0291 0.0107 -2.74 0.011 
WHITE/BLUE 0.2218 0.1119 1.98 0.059 
SUBCONTR 0.0865 0.0236 3.66 0.001 
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n = 28 
R-squared = 50.8 percent 
R-squared (adjusted for d.f.) = 44.7 percent 
Standard Error of Est. = 0.073, d.f. = 24 
Mallows' Cp = 3.91 

Calculating the matrix of correlations between coefficient estmates we see from below 
that no absolute value of correlation is larger than 0.9. Checking the matrix of 
correlation between X-variables we find the highest correlation to be 0.32. Hence we 
do not suspect multicollinearity. 

Table 7. Correlation matrix for coefficient estimates 

CONSTANT PLANBEFORE WHITE/BLUE SUBCONTR 
CONSTANT 1.00 -0.42 -0.64 -0.29 
PLANBEFORE 1.00 0.15 -0.34 
WHITE/BLUE 1.00 -0.21 
SUBCONTR 1.00 

If we summarise the results from this analysis we can see that the model can explain 
about 45 percent of the changes in efficiency. Mallows' Cp = 3.91 which is close to p = 
4, which fullfilles our previous criteria p » Cp. 

This model based on the CRS can be graphically shown in a diagram where the 
predicted values of E are plotted against the observed values. 
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Figure 14. Predicted values of E versus observed values 

The regression analysis together with Mallows' Cp gave the following results in the 
VRS case: 
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Table 8. Multiple regression analysis with EFFVRS as dependant variable 

Variable Estimate Standard Error T Statistic P-Value 
CONSTANT 0.9702 0.0181 53.68 0.000 
PLANTEME -0.0100 0.0039 -2.60 0.015 

n = 28 
R-squared = 20,7 percent 
R-squared (adjusted for d.f.) =17.6 percent 
Standard Error of Est. = 0.076, d.f. = 26 
Mallows' Cp= 1.98 

Since there is only one variable in the model there is no multicorrelation. 

With this model we are only able to explain about 16 percent of the changes in 
efficiency. Mallows' Cp = 1,98 which is close to p = 2, which fullfilles our previous 
criteria p « C p. However, one or more important variables is missing in our model 
since only 16 percent of the variation is explained by the model. The criteria of 
residuals being normally distrbuted is also not fullfilled (See appendix) which makes 
the chosen model doubtful. The result in this case is also quite different from the result 
obtained using CRS. It is possible that within the actual interval, 0 til l SEK 100 
million, the production frontier is best formed with a constant returns to scale. 

The identified variables that seem to be connected with the efficiency in our first 
model using CRS are: 

PLANBEFORE which seem to be negatively connected with efficiency. The effect is, 
however, very small. I f many people such as the area manager, purchaser, planner, 
foremen and workers are involved in planning together with the site manager this is 
associated with low efficiency. It was thought that the quality of planning before 
starting the project is affected positively i f the site manager is helped by others in 
planning. The problem seems to be that even i f the quality is good at that moment, the 
site manager does not take advantage offne existing plans. He does perhaps not take 
proper responsibility for what is planned i f he has not done the work himself. 

WHITE/BLUE is strongly connected with high efficiency. This is an indication that 
the projects where there have been few staff compared to workers have lower 
efficiency than those with more staff. This was something that was expected by some 
but totally unexpected by others in the company. Some had even seen many staff in 
relation to the number of workers as an indication of low productivity. In a comparison 
with the blocks of flats it is worth noting that while the average white-collar at the 
office projects had responsibility for 14 workers the average white-collar at the blocks 
of flats only had responsibility for 11. 

SUBCONTR indicates how much of the work that has been done by subcontractors in 
relation to the work done with own personnel. A higher level of work done by subcon-

57 



tractors seems to be associated with higher efficiency. This is in line with experience 
in other industries, and also in line with experience in the construction industry in 
Sweden where the amount of work done by own workers is continuously being 
reduced. This result is, however, in contrast to the result from the blocks of flats where 
prefabrication came out as a negative variable. Since a precasted concrete structure in 
Sweden is often bought with the errecting included the cost of these structures is 
included in the subcontractor costs. Why we have this difference between dwellings 
and offices is a difficult question to answer. One interesting observation is, however, 
that for the offices some of the prefabricated structures were made of a combination of 
steel and precasted concrete while steel has not been used in any of the blocks of flats. 

The only variable associated with efficiency when we measured with a variable returns 
to scale was PLANTIME (time for planning) which was negatively connected with the 
result. We find this very hard to explain. That a long time available for planning before 
starting construction works could in any way be negative is very illogical. We have 
noted from our other analysis that the time available might not be very important but 
we find it very unlikely that there should be a negative connection . This result 
supports our tentative conclusion that we put forward in our previous discussion that 
the variable returns to scale in this case is not a satisfactory reflection of the relation 
between input and output. 

2.4.3 Roads and bridges 

For the 31 road- and bridge-projects included in our analysis the result from the DEA 
using constant return to scale is shown in the efficiency distribution below: 
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Figure 15. Efficiency distribution for the roads and bridges using CRS for the DEA 
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This figure shows that: 

• Four projects detemiine the production frontier and they represent about 5 percent 
of the total turnover. 

• Many small projects are performed with high efficiency. 
• The efficiency of many of the projects is low. 

A further analysis using the DEA with variable return to scale gave the following 
result: 
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Figure 16. Efficiency distribution for the roads and bridges using VRS for the DEA 

This figure shows that: 

• Eleven projects determine the production frontier and they represent about 38 
percent of the total turnover. 

• The small and the large projects are evenly spread in the diagram. 
• The efficiency of many small and medium sized projects is low. 

The regression analysis together with Mallows' Cp based on the answers from the 19 
project managers gave the following results in the CRS case: 
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Table 9. Multiple regression analysis with EFFCRS as dependant variable 

Variable Estimate Standard Error T Statistic P-Value 
CONSTANT 0.4022 0.0750 5.36 0.000 
DESIGNER 0.2407 0.1035 2.33 0.034 
WHITE/BLUE 0.5348 0.1400 3.82 0.002 

n = 19 
R-squared = 55.3 percent 
R-squared (adjusted for d.f.) = 49.7 percent 
Standard Error of Estimation = 0.16, d.f. = 16 
Mallows' Cp = 2.8 

Calculating the matrix of correlations between coefficient estimates we see from below 
that no absolute value of correlation is larger than 0.9. Checking the matrix of 
correlation between X-variables we find the highest correlation to be -0,01. Hence we 
do not suspect multicollinearity. 

Table 10. Correlation matrix for coefficient estimates 

CONSTANT DESIGNER WHITE/BLUE 
CONSTANT 1.00 -0.23 -0.84 
DESIGNER 1.00 0.01 
WHITE/BLUE 1.00 

The result from the chosen model is that about 50 percent of the changes in efficiency 
measured with DEA using constant returns to scale can be explained by the variables 
in the model. 

The regression analysis together with Mallows' Cp gave the following results in the 
VRS case: 

Table 11. Multiple regression analysis with EFFVRS as dependant variable 

Variable Estimate Standard Error T Statistic P-Value 
CONSTANT 1.2110 0.352 3.44 0.004 
PLANBEFORE 0.0949 0.032 3.01 0.009 
AVEPAYMENT -0.0097 0.004 -2.66 0.018 
WHITE/BLUE 0.5174 0.130 3.98 0.001 

n = 19 
R-squared = 67.9 percent 
R-squared (adjusted for d.f.) = 61.5 percent 
Standard Error of Estimation = 0.14, d.f. = 15 
Mallows" Cp = 2.9 
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Calculating the matrix of correlations between coefficient estimates in this case, 
however, shows below that one of the absolute values of correlation is larger than 0.9. 
However, this is the correlation coefficient between the constant and the X-variable, 
AVEPAYMENT, which has its regression coefficient significantly different from 0. In 
such a case we do not expect multicollimarity. That AVEPAYMENT is not linearly 
dependent on PLANBEFORE and WHITE/BLUE can be seen by regressing 
AVEPAYMENT on PLANBEFORE and WHITE/BLUE giving rise to R-squarred = 
3.1 percent (R2adj = 0.0 percent). Hence we have no problem of multicollinearity. 

Table 12. Correlation matrix for coefficient estimates 

CONSTANT PLANBEFORE AVEPAYMENT WHITE/BLUE 
CONSTANT 1.00 0.31 -0.96 -0.37 
PLANBEFORE 1.00 0.09 0.27 
AVEPAYMENT 1.00 0.17 
WHITE/BLUE 1.00 

The result from this model is that about 62% of the changes in efficiency measured 
with DEA (VRS) can be explained by the variables in the model. 

This model based on VRS can be graphically shown in a diagram where the predicted 
values of E are plotted against the observed values. 
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Figure 17. Predicted values of E versus observed values 

One variable that came out as significant using both variable and constant returns to 
scale was: 

WHITE/BLUE which is the ratio between the number of staff and the number of 
workers at full production. This variable is strongly connected with high efficiency 
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which means that the projects where there were few white-collars in comparison to 
blue-collar has lower efficiency than those with more white-collars. 

Other variables that came out as significant using either CRS or VRS were: 

DESIGNER. In our material there were three projects where NCC Teknik, the in-
house designer, was used to carry out the design work. Just as the block of flats there 
seems to be a positive connection between efficiency and the use of in-house 
designers. 

PLANBEFORE. In contrast to the result for the office buildings the usage of many 
people in planning together with the site manager this is associated with high 
efficiency. 

AVEPAYMENT which is the average wage for the workers in SEK/hour. High wages 
are connected with low efficiency. For these projects only one of the projects had 
piecework wages while the others used payment per hour but still the wages varied 
from 68 SEK/h to 110 SEK/h. So there was no connection between the performance 
and the wages. Instead there is a very small negative connection which can be 
explained by the fact that i f you pay more without a large enough increase in 
performance the cost for workers per piece is higher and consequently your input has 
increased without the corresponding increase in output. 

2.5 POLICY CONCLUSIONS 

It might be difficult to draw any unambiguous conclusions from our results. It should 
also be noted that the results reflect a limited period of time. During the period studied 
we have only managed to explain parts of the result from the DEA with the variables 
we studied. A better result could perhaps have been obtained i f some of the variables 
used had been defined differently. For instance the dummy variable PREFAB, which 
indicated whether major parts had been prefabricated, could have been divided into 
degree of prefabrication measured as value of prefabricated material divided by total 
material value. There are also other dummy variables that with a little more work could 
have been transformed into variables with values other than 0 and 1. In addition the 
variable EMPLTIME, which was the employment time within NCC for the site 
manager, could probably have been more accurate in measuring professional 
experience i f we had instead used the total number of years employed by any 
company. There are certainly also variables which are important but which we did not 
include in our analysis. One such important factor, which has not been considered in 
this analysis, is the purchase. With a share of around 70 percent12 of the total cost a 
successful, or unsuccessful, purchase of material and subcontractors has a large impact 
on value added. 

However, it seems that some of the variables we and the company believed to be 
important were of no great importance. Examples are: 

2 This is the cost of subcontractors and material in relation to the total cost at the projects studied. 
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• Additional work ordered by the client. There was a belief that changes enabled the 
contractor to increase his margins and thereby also value added. Our results, 
however, do not show that there is any such connection. 

• Formal education of the site manager. We had thought that site managers with 
higher education would manage projects more efficiently. We could, however, not 
find any such connection. It must be noted that our study only contains a small 
number of site managers with a university education. The reason for this is that 
there are relatively few engineers with a masters degree working in the Swedish 
construction industry and those who are do not work very long as site managers 
before they go to other jobs within the companies. 

• The employment time of the site manager. This would in our opinion reflect the 
professional experience of the manager. Professional experience ought to have a 
positive effect on the efficiency of the site. We could, however, not find any such 
connection. One reason for this might be that we only took into account the time of 
employment by NCC. Many could also have much experience from other 
companies, which would not be shown in our figures. 

• Participation of workers in planning. We had a belief that the involvement of at least 
one representative from the workers in planning would have a positive effect. We 
did not in any of the project types find any such connection. Unfortunately we did 
not have any information of the extent of this envolvement. It could be anything 
from just participating at one meeting to taking active part at all occasions. 

The general conclusions regarding positive factors that could be drawn are: 

• A high proportion of staff at site have a positive effect on performance. One 
assumption which we examined was i f there was any connection between changes 
in the contract sum and the ratio between staff and workers. If there was such a 
connection it could mean that a small number of staff at site would be so overloaded 
with work that they would have difficulty in looking after the companies interests 
towards the client, which would appear as a small additional cost. We could, 
however, not find any such connection. The positive connection which we have 
found is therefore likely to be an effect from better possibilities for the site 
management to plan and coordinate the works at the site. 

• An integration between design and production seems to have a positive effect on 
site performance. This could possibly also be an effect of a variable unknown to us 
but in common for the projects where the in-house designer was used. However, we 
draw the conclusion that the idea of integrating design and production is correct but 
that this has to be done in the right way. Allowing the contractor to influence the 
design does not help i f he, like the client, is letting an engineer outside the company 
do the design. This integration must be carried out in such a manner that experience 
from the company's production really is transmitted to the design work. These 
conclustions was draw also by Griffith (1984) who said that the building contractor 
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could significantly contribute to the design of a building i f he was allowed to 
forward his knowledge of the technical aspect of the construction process to the 
designer. He referred to research showing that in house construction up to 40 
percent in terms of manhours could be saved by considering the production phase 
already in the design. 

Other reflections regarding variables negatively connected to efficiency are: 

• Serious disturbance only seems to affect the construction of block of flats while the 
offices and the roads and bridges show no such connection. Why this difference 
occurs between the various types of construction is not easy to explain. One would 
expect that serious disruption would affect all types of production negatively. 
However, it seems as i f disturbances only have a large negative effect on the 
production of blocks of flats. This could possibly be explained by the fact that this 
kind of production is like line production where all kinds of disturbance wil l be 
transmitted further in the production chain and thereby hamper production.13 

Flexibilty in this type of production is lower than in the other types studied since 
there is normally a number of delivery dates when flats are being let and tenants are 
going to move in. This makes it very difficult to be flexible in production and delays 
due to disturbances are difficult to make up without extra costs such as overtime and 
claims from subcontractors. 

• For the block of flats there was also a connection between an extended construction 
time and low performance which did not appear at the two other types of 
construction. This could also be an effect of the low flexibility in this kind of 
production. Low productivity caused by disturbances, low labour productivity or 
other causes will then appear as an extension of the construction time. In the more 
flexible production of offices, bridges or roads this connection is not as clear. 

• Helping the site manager to plan the project before starting the actual construction 
works at site appears to have different effects depending on the type of project. 
While for the office projects having a lot of people involved in planning together 
with the site manager seems to be negative the opposite effect can be noted for the 
civil engineering projects. It is very difficult to explain this difference. Why should 
site managers on bridges and roads need more assistance in planning than those on 
office buildings? After discussion with several persons both within NCC and 
outside the company, one conclusion is that i f the site manager has had a lot of help 
with the planning of the project before it starts it it makes him feel less responsible 
and the planning will not be applied properly during the accomplishment of the 
project. On the other hand there are site managers that need help from others in 
carrying out a proper planning both before and during the project. 

• The average payment for the workers in SEK/hour was negatively related with 
performance at site for the road and bridge projects. For the other types of project 

1 3 The same could also be valid for very large bridges.However, there were no large bridges in our 
material. 
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no such connection could be found. It is worth noting that although the payment 
regarding to all the roads and bridges, except one, was hourly wage, wages varied 
from 68 SEK/h to 110 SEK/h. Although the time period studied is relatively short 
the wages changed substantially during the period and wage increases of 10 percent 
per year were not unusual. Ideally, therefore, average wages, as referred to by the 
site managers would have been adjusted for inflation. Unfortunately, this has not 
been possible since the precise starting date and the completion date were 
sometimes uncertain. However, notable is that wages for the only two projects that 
were compleated during 1992 were as low as 68 and 90 SEK/h. For the block of 
flats and the offices the wages, which were almost solely piece work, varied from 
89 to 121 SEK/h. Surprisingly enough the variation is less here, with piece work-
wages, than for the civil engineering projects which applied hourly wages. 

2.6 INDICATORS OF PRODUCTIVITY 

One of the aims of the study was to see i f any of the variables that we found could be 
used as performance indicators at site level. One, which is also frequently used today, 
is construction time. We found a connection between extended construction time and 
low performance for the block of flats. We did not find any such connection for the 
other project types. 

As is the case today actual time compared to scheduled time is often a tool for 
evaluating performance at site. The question is, however, how important is such 
information? The office and the civil engineering projects seems to have flexibility and 
an estimated delay, of, for example, three weeks, might not at all mean that the 
performance at site has been bad. It is also difficult to determine the exact time 
compared to the scheduled time. 

Serious disruption also seemed to be associated with low efficiency for the block of 
flats but did not seem to be of much importance for the other types of project. It is 
obvious that disruption measured in time or as number of disruptions could be used as 
an indicator of site performance. Disruption might, however, be of greater sigmficance 
in production with many repetetive operations such as dwellings and large bridges. 

It could perhaps be tempting to use the ratio between the number of staff and workers 
as an indicator of site performance. I t is, however, logical to assume that a large 
proportion of staff only has effect to a certain extent. There is probably a point at 
which additional staff only has little or no effect. It could also be possible that during 
the boom period there was a shortage of staff but that this has changed with the 
recession and that most projects today have a better balance between workers and 
staff. 

To use the payment in SEK/h, which is supposed to reflect the relation between actoal 
use of time for workers compared with the expected time, as an indicator of site 
productivity is misleading. Our study shows no positive connection between high 
wages and high performance.For the bridges and roads, where the workers were paid 
by the hour, we even saw a negative connection between site performance and wage 
level. 
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It might be of great importance to plan for good site performance. However, the 
problem is to find accurate measures of planning. We have not managed to find such 
measures in our study. 

With regard to the other variables we found in our study which we could relate to site 
performance, we consider that they would be of little value as indicators. The main 
reason for this is that they are either dummy variables which can only take two values 
or, that it is impossible to influence them at site. 
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3 C A S E S T U D I E S O F P R O D U C T I O N U N I T S 

This chapter is based on a group of case study that the author carried out during 1992 
and 1993 (Jonsson, 1993). The scope of these case studies was to analyse some of the 
large Swedish manufacturing companies with regard to performance measurements and 
to compare these results with the construction industry. The result of the study must be 
seen in the light of the special conditions under which the Swedish export industry was 
working at that time. With an overvalued Swedish crown and a low demand for most 
products due to the recession, the companies were under severe pressure. Today 
(1995), following the depreciation of the Swedish crown and an increase in business 
activity, most Swedish export companies are experiencing a boom period but with the 
last recession still fresh in their minds, most of the companies are still working on their 
cost effectiveness programmes. Measurements of productivity plays an important role 
in these programmes. 

3.1 BACKGROUND 

The goal of this study was to see how the manufacturing industry measure productivity 
and use the results of these measurements. It could be assumed that the large Swedish 
export companies, that for decades had been successful in a very competitive 
international market, had used productivity measurements as an aid. The hope was to 
obtain from within these companies ideas and proposals of key ratios and measuring 
methods that could be used at the work site level in the Swedish building industry. 

There was also an interest to study a number of production units within the building 
industry to see how measurements there were made and how prospective results were 
used. A comparison between the two branches could thereby be made. 

The units within the manufacturing industry that this study comprises are: 

• ABB Motors in Västerås 
• LKAB in Malmberget 
• SSAB in Oxelösund 
• Scania Trucks & Buses in Södertälje 
• Volvo Personvagnar in Torslanda 
• Scania Trucks & Buses in Luleå 
• SCA Nordliner in Obbola 

And the studied units within the construction industry are: 

• Siab Bygg in Haninge 
• Konsortiet Igelstabron in Södertälje 
• BPA Bygg in Sundsvall 

It had, of course, been of interest to include a service company in the study since they 
have measuring problems that to some extent also can be found within the construction 
industry. There was, however, difficulties in finding a service company that had been 
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operating in an international environment for a length of time. This is perhaps to be 
expected since service companies work more in a local market where it is primarily 
personal contacts that detennine whether you sell or not. However, within the export 
companies studied they also work with measurements of internal service production. 
There are in all the companies studied units that serve the departments that produce 
goods with various services. Since these departments also are charged the total cost for 
the products it is important that they are also cost efficient. By seeing how the 
companies tries to measure and rationalise these units it has been possible obtain a 
picture of how they try to measure and set goals for internal service production as well. 

The case studies were carried out in the period August 1992 to February 1993. They 
have been carried through in the form of interviews on site at the production units14 

and by a survey of the material received from each company.15 

3.2 METHOD 

In order to be able to perform a study of why and how the people in these companies 
measured productivity a method has to be choosen. The study could have been carried 
out by telephone interviews, postal questionnaires or suchlike of as many production 
units as possible so that a statistical processing of the material could be done. It is, 
however, reasonable to assume that with such a method there would have been 
problems in obtaining all the information that was required.16 A further difficulty was 
that much of the information received required verbal explanations of diagrams and 
tables. 

A case study is according to Yin (1991) an empirical mquiry where a contemporary 
phenomenon within its real-life context is investigated and where multiple sources of 
evidence are used. Since the study would comprice a number of companies where they 
would be studied "in reality" and where a number of different sources would be used 
the case study method was considered to be the best choise. 

An advantage of the case study method is that during the interviews it has been 
possible to ask complementary questions both regarding answers but also regarding 
written material. It had also been possible to carry out interviews by telephone but the 
direct contact obtainable with a face to face interview makes this easier (Wärneryd, 
1986). It also creates greater confidence between the interviewer and the interviewee 
and gives access to material that is hard to obtain otherwise. 

Since productivity measurements at companies cannot be considered an exact science 
where one method is correct and another wrong, it has not been the aim to try to find 
one or more "right" methods. Instead, companies that use productivity measurements 
for various reasons have measures that are peculiar to that company or to that 
production unit. The aim of the study has instead been to find out why and how (Yin, 
1991) the various production units measure productivity. 

1 4 Production units refers to either a factory or part of a factory within the manufacturing industry or a 
site within the construction industry. 
1 5 Persons interviewed and material used are shown in the appendix. 
1 6 See appendix for required material and questions 
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3.3 SELECTION OF CASES 

After careful consideration 6-8 industrial export companies and 3-4 construction 
companies were considered to be sufficient. The following criteria was set up for the 
export industry companies: 

• They should be spread out geographically throughout the country. 
• The companies should have been operating in the international market for several 

deccades. 
• They should manufacure different products. 
• They were to be part of large companies or groups. Within a large company the 

results of measurements could also be used for comparisons within the company. 

For production units in construction companies the following criteria was set up: 

• Housing construction and civil engineering should be represented in the production 
units studies. There was a wish to see whether there were any differences in these 
different production groups. 

• As for the export industries it was considered to be an advantage that the units were 
part of a larger company. 

After setting up these criteria 10 companies were contacted to see i f there were 
production units that could take part in the study. The selection of companies, and 
units within the company, was in all cases except two made by using personal 
contacts. That way it was easier to have a quick and positive response to the study. The 
result of the inquiry was that all companies except one (within electronics) accepted to 
participate with one (or as in one case two) production unit. 

A letter was then sent to those production units that agreed to take part, enclosing the 
case study questionnaire where the study in more detail was described.17 After that one 
of the units that had agreed to participate changed their mind and referred to another 
unit in the same group. 

7 See appendix 
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Figure 18. The geographical spread of the production units 

The final selection thus came to comprise 10 production units representing 6 different 
companies within the export industry (Scania participated with two units) and 3 within 
the construction industry. 

The production units selected fulfilled the criteria to the extent that: 

• The export industry units were spread from Gothenburg in the south to Malmberget 
in the north. 

• Al l the export companies had for several decades been operating on the 
international market. 

• The export industries all manufactured different products. They manufacture such 
various things as cars, electrical motors, diesel engines, steel, paper, lorry chassis 
and iron ore products. 

• The units studied were all parts of large Swedish companies. 
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• The units studied in the construction firms included both house building and civil 
engineering. 

3.4 C A S E STUDY METHOD 

The field studies were all going to be made by visits to the companies combined with 
interviews with people with insight into productivity measurements and by studying 
annual reports and other material that could be of interest.18 In order to prepare for the 
visit the selected companies were asked to send the required material a week before the 
visit. This gave an opportunity of saving time during the visit since it then was no need 
to spend so much time on general questions concerning the company and could 
therefore be spent most of the interview on questions concerning productivity 
measurements. 

The interviews turned out to comprise a varying number of people.19 The number 
ranged from one to five. (Here are not included the people "on the shop-floor" who 
were spoken to on several of the visits.) This variation was due to the number of 
people in each production unit who were involved with the measurements. The number 
has to a certain extent to do with the size of the unit. The people interviewed included 
site managers, accountants and production engineers who were involved with the 
collection and evaluation of productivity data. 

The interviews were made by going through the questionnaire and complementing it 
with questions that arose. In certain cases the interviewees began by describing how 
productivity measurements were used and the questions that were not answered by 
their description were then asked afterwards. 

Most of the interviews were carried out by making written notes of what was said but 
four of the interviews were recorded on tape. 

The visits at the production units studied took between 2xh and 7 hours. It was mainly 
spent on conducting interviews but material that covered productivity measurements 
was also collected. At the companies a visit varying from 30 minutes to one and a half 
hour "to the shop floor" was made. At all the manufachrring companies studied except 
one (where the workers had a brake) this gave an opportunity to short discussion with 
workers regarding measurements and the use of the results. At the sites within the 
building firms no such discussions were made with the workers. 

After the visits were accomplished the interview was written down. By collating each 
interview with the material already obtained it was possible to write out a draft case 
study for each production unit. This was sent to the company in question so that any 
misunderstandings, errors, and question marks etc. could be corrected. Material 
concerning exact numerical information regarding the performance of the unit studied 
which they did not wish to publish for reasons of competition could also be removed. 

8 Material studied from each company is shown in the appendix 
9 The dates of interviews and names of interviewees are found in the appendix 
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3.5 DEALING WITH THE RESULTS 

By giving the companies the possibility to control all the written material before 
publication the reliability of the study is high since minor misunderstandings and 
uncertainties has been corrected. I f the companies had not been given this possibility 
they would have been substantially more restrictive regarding the release of 
information. 

The material from the interviews has not been separated from the other material. The 
reason is that both these sources ofinformation were naturally mixed in such a way 
that they are very difficult to separate. Even i f this at some occations had been possible 
the reader would have suffered the disadvantages of having a very large number of 
references. The references from the case studies are instead accounted for in the 
appendix where there is a reference list sorted for each company. 

3.6 UNITS WITHIN THE EXPORT INDUSTRY 

Below follows the findings from each one of the studied units within the export 
industry. 

3.6.1 ABB Motors, Västerås 

ABB Motors in Västerås is part of the Swedish-Swiss group ABB and manufactures 
electric motors made of aluminium. Previously there were three factories that 
manufactured motors in Västerås. After two of these were moved abroad, since 
manufacture was considered more efficient there, it was decided by the people in 
Västerås to fight to keep the remaining factory. The only way to achieve this was to 
show that they could manufacture aluminium motors more efficiently than any other 
unit in this business sector. In order to achieve this it was realised that it was necessary 
to change the organisation and the way of working entirely. 

At the same time it was decided at ABB in Sweden that a comprehensive programme 
of change be started called T50. In the notation of the programme the "T" stood for 
"time" and "50" for "50 percent" which meant that at the end of 1993 the company 
wished to reduce all the throughput times by an average of 50 percent (ABB, 1992). 
They knew that asking the employees to work twice as fast was impossible and the 
programme instead comprised several parts that together would give the desired result. 
Examples of such parts were: Personnel policy, Development of Competence and 
Goal-Oriented Groups. 

At ABB Motors in Västerås a result of the T50 programme was that they set up a 
number of goals for the company's own operations: 

• A delivery time of 6-9 weeks would be reduced to 1 week. 
• The level of service, in other words the proportion of deliveries to the customer on 

time, would be increased from 75 percent to 95 percent. 
• The throughput time of 5-8 weeks, in other words the time the motor begins to be 

built to the time it is packed and ready, would be reduced to 2 days. 
• Productivity should increase by 30 percent. 
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• Area of factory used should be reduced from 37 000 m.2 to less than 20 000 m.2. 
• Absence due to sickness and personnel turnover should be radically reduced. 

Productivity had indeed been measured continually and in the same way since 1971 
but these measurements, with the T50 programme and the factory's fight for survival, 
now had renewed importance. 

The results from the productivity measurements were used by the management to 
control manufacturing. But with the substantially reduced times they worked with 
during manufacture it was of importance that any production problems rapidly come to 
light and that measures could be taken to resolve the problems. ABB Motors in 
Västerås did continuously account to the employees for the measurements made and 
apart from productivity the level of service and quality were shown. These three 
simple and understandable factors were also the basis for the salary bonus system used 
in the factory. 

Productivity measurements included a count of the number of wound and assembled 
motors manufactured. This was carried out by the motor fitters who in their turn 
reported the results to the production managers. The results were then fed into the 
computer system of the factory which could be run together with the information 
concerning the number of hours attended. 

In order to ensure that the variation in the product mix for different weeks should not 
cause the measurements to be misleading, there was a system where each motor type 
was given a cost price and where production therefore could be calculated as the 
number of motors of a certain sort multiplied with its cost price. Total production 
could then be calculated by adding this for all types of motors. Productivity was 
calculated as a cost price/number of hours of attendance. The hours of attendance 
included all the shopfloor employees but not the adnrinistrative staff. 

There were also a number of indirect measurements that the company used. Examples 
of such were: 

• "First passed yield", in other words the number of motors that were correct from the 
start. They had always measured spoilage and reported how many faults they had. 
At ABB Motors in Västerås they reversed this and measured what was correct from 
the start. This did not mean that the remaining percentage were spoilage but that 
they had to carry out adjustments. 

• The level of service where they looked at how great a proportion of the orders that 
were delivered on time. 

• Stocks. Having a lot of material in both the finished goods and raw materials stores 
costs money. These had therefore to be kept down to a low level at the same time as 
the level of service was to be improved. 

Something that they previously measured a lot was "dead time"; in other words when 
persons were temporarily without work. But with the new wage system this was, 
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however, less interesting when they now instead concentrated on how many motors 
they manufactured. 

At Västerås they also measured sick-leave and they had noticed a reduction which they 
would like to ascribe to the change in work organisation with an increased variation in 
the work tasks which had meant fewer musculo-skeletal injuries. 

With regard to staff they also had a number of measurements such as the time for 
confirming an order in writing or tendering. 

From the year 1990 when they had flat piecework, serial production and direct control 
they had changed to having a fixed wage with a variable part. With the T50 
programme management by objectives applied. Everyone worked in groups. At the 
time for the study, the fixed part of the salary that was based on a work and 
qualification evaluation was about 90 percent of the wage, and the bonus that they had 
amounted to about 10 percent. The goal that they had from the top management was 
that everyone in the future should have an employee contract with an individual 
monthly salary. They could then link this to a bonus part that would then be based on 
the results of the company. 

3.6.2 LKAB Malmberget 

LKAB Malmberget is one of LKAB's two iron ore mines. The main products are: 

• Lump ore that is untreated ore crushed down to 20-30 mm size 
• Sinter fines that are made up of pulverised ore. 
• Pellets or sinter pellets as it is also called. This product is prepared with the help of 

various additives20 and heat to achieve small balls about 12 mm in diameter. 

With respect to mining, the variety of technical solutions is important. As an example 
of this it may be mentioned that at Malmberget the height of sub-level caving had been 
increased from 20 to 30 metres. This had been achieved by developing a new method 
which included the use of a new drill rig. In order to evaluate this and other major 
investments it was important to follow up productivity continuously. 

The results of the measurements were used to follow up the outcome by relating the 
reults to the budgeted quantities in tons, giving management a basis for decisions 
regarding investment and for organisational changes and to give information and 
motivation to the employees. 

Motivating the employees was increasingly important and as part of the quality 
investment of the company all the employees of the company had taken part in fairly 
comprehensive training. LKAB Malmberget did at this time endeavour to be certified 
in accordance with ISO 9001, which had been a requirement of several of the 
company's customers. 

2 0 Olivine and dolomite are the additives that LKAB uses and they are taken from their own deposits. 
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LKAB Malmberget also considered it to be of the greatest importance to continually 
compare itself with other companies. The basis for these comparisons was obtained 
from annual reports, visits and other material. The quality of written material from 
competitors varied a lot depending on the country in question. Wilhin the mining 
industry around the world there is, however, a very open dialogue and visitors are 
almost always welcome. This way everybody has a very good picture of their own 
performance compared with the competitors. 

The employees themselves did count truckloads etc and that way they provided 
information concerning production results. These results were then put together by the 
plarming engineers The data from the production were then reported to management 
and the accounts department where the material was further co-ordinated. All costs 
were booked to the various operations in order to facilitate subsequent follow-up. The 
measurements were then put together by the accounts department who got their 
information from the computer system and from mine planning. 

The most important figures were the tons of ore, sinter or pellets produced per hour 
worked. These figures could in their turn be used for various parts of the company so 
that they could obtain such information as: ton untreated ore loaded/hour worked, ton 
dressed ore/hour worked, ton concentrated ore/hour worked and transported ton 
untreated ore/hour worked. 

LKAB Malmberget also had other measures such as energy cost/ton pellets, 
SEK/metre of raise, SEK/metre of drift in development, SEK/metre of drift for 
electrical installation, consumption of additive/ton pellets, and operational availability. 

At the time for the study only production units were measured while the administrative 
sectors were not measured in any way other than that the costs were checked against 
budgeted results. Those staff who took part in production were included in the number 
of hours worked. Administration units and certain service units had so far been 
exempted solely because it was difficult to find satisfactory key ratios. Direct 
production units had decreased in favour of a larger proportion of service and other 
indirect production units. This has meant that it is even more necessary to be able to 
measure these parts of the company as well. 

The employees were in favour of receiving information continually and included in 
this the results from the productivity measurements were natural part. The company 
previously received the criticism that information concerning productivity was 
produced too slowly, and these procedures had then been speeded up. 

Company management had an overall goal regarding the improvement of efficiency of 
about 3-4 percent per year. This goal was then broken down into sub-goals that 
directly influence productivity. I f they looked back, there had been a very positive 
development and the figures that show productivity measured in tons per employee had 
in the last ten years improved by almost 100 percent. This of course had not been 
possible without reducing personnel which could have led to a negative reaction but by 
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giving new and more advanced tasks to the remaining personnel they had managed to 
obtain an interested and committed personnel corps. 

3.6.3 SSAB Oxelösund 

SSAB Oxelösund is one of the production units in the SSAB group. The rolling-mill at 
Oxelösund has specialised in the production of extra high strength and weldable plate. 

In a process industry the operational time is of greatest importance. There is a wish to 
maximise the time that the installation is in operation. In order to reduce the time used 
for repairs and other delays it has become vital to register all such deviations from 
normal production in order to be able to plan an optimal preventive maintenance. This 
was one of the reasons why productivity measurements at the company began. Another 
was that they wished to follow up the results compared to the budgets they had made. 
A third was that they wanted to motivate and create commitment from their employees. 

The results they obtained from the measurements were used to make comparisons with 
competing steel works. SSAB Oxelösund saw this as a very important part of the work 
that was spent on productivity measurements. They could, via annual reports, visits to 
sites and other information sources, obtain the information needed for assesing any 
installation. Such information could, for example, apply to the actual number of 
employees in relation to what they "should" have or how much they produced in 
relation to the volume or bottom area of the blast furnace. 

Management used the results to follow up the operation and to make decisions 
regarding investment etc. The measurement results were further used to inform various 
shifts regarding what their production had been compared with others and compared 
with previous results. This meant that motivation of the employees increased. Via 
information bunetins the various sections of the company were informed concerning 
production during the previous week. Here there was information regarding bonus, 
quality, precision of delivery, production, availability/utilisation degree, distribution 
etc. Deviations from budget, positive and negative, were commented on and proposals 
for improvement were given at the same time as personnel were encouraged to resolve 
these problems. Productivity was furthermore included together with quality in a 
formula for calculating bonus wages. 

The operators who supervised and managed production did continuously enter into the 
computer all the necessary information. This concerned everything from quantities, 
qualities, disturbances, etc. As an example may be mentioned that the time worked via 
time reports could be compared with regard to costs regarding 150 different activities 
and that all material was given a seven-figure control number which made it possible 
to follow it through the plant. The results of all the reported data could then be 
analysed by the operator directly on the computer screen or be collated by those that 
worked with production development. The summarised results were shown to the 
employees every week or every other week. 

One measure they used was total production per unit. This could be applied to such 
units as the coke oven plant that could then measure the total coke production in the 
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form of tons of coke per week, month or year. Another measure that was used for 
comparisons with other plants was to look at production in relation to area or volume 
of the producing unit. This could be done by measuring the tons of steel in relation to 
the volume or area of the blast furnace or in a corresponding manner for the coke oven 
plant. Other measures that was used were: the number of charges in the steel works per 
day, number of tons per day, operating time in relation to down-time, man-hours per 
ton and energy consumption per ton. 

SSAB Oxelösund also registered several of the times that are of importance to 
production such as: 

• Blowing time which is the time needed in the smelter to reduce the content of 
carbon in the iron with the help of oxygen. 

• Charge time. 
• Repahtime. 
• Idle time. 

Comparisons with budget also gave a measure that showed how the result compared 
with what was planned. This could be measures such as: production rate21, degree of 
utilisation, maintenance etc. These measures had shown themselves to be simple and 
easily understood for the employees and they were also considered relevant. 

The direct production parts of the company were measured using the measures that are 
shown above while the adrnimstrative parts of the company were measured only 
through a follow-up of the budget.22 They meant that it was difficult to measure 
productivity at, for example, a personnel department. This did not mean that it would 
not be desirable: on the contrary good work at the personnel department is of the 
greatest importance to the other parts of the company but the opinion was that it was 
difficult to measure results in a meaningful manner. 

Regarding the employees in general the company feelt that it was important to have 
productivity measurements and a running account of the results. The productivity 
measurements had become a natural feature which nobody reacted to especially. They 
saw these as a normal part of the operation. It was felt to be positive to know all the 
time what they had achieved and that they via the measurements could influence 
matters in the normal course of events since disturbances was discussed in the work 
teams. 

They found it difficult to make comparisons with previous measurements over a long 
period of time since both products and quality had changed considerably. Productivity 
for various sections of the plant had changed in different ways. At the steel works 
production had increased and the number of employees had decreased while at the 
rolling-mill no great change in tons per employee had taken place. This may possibly 

2 1 By production rate they meant actual production/production budgeted. 
2 2 There were exceptions here such as the marketing departement whose sales work was studied in 
relation to the outcome of each order when it was delivered. 
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be explained by the fact that the plates that was being manufactured had been made 
thinner and stronger and thereby requiring more work per ton. What was notable was 
that the number of supervisors had drastically decreased as they had introduced 
computers for surveillance of the processes. This had at the same time led to a flatter 
organisation. 

They meant that it was difficult to take account of all the factors when they made 
measurements of productivity. You could, for example, not maintain high productivity 
i f you had an iron ore of lower quality than normal. They also meant that through 
reducing quality they could increase production but that this would lead to lower 
revenue since they then could not demand the maximum price for the product. 

3.6.4 The diesel engine workshop at Scania Trucks & Buses, Södertälje 

Scania is one of the world's larger manufacturers of heavy lorries. Scania Trucks and 
Buses carries out production at several locations in Sweden and other countries. The 
diesel motor workshop is situated at Scania's main plant at Södertälje. The motors 
manufactured are used in Scania's lorries and busses but are also sold as marine 
motors. Apart from these main areas these motors are used in other machines such as 
dumpers, piste machines, generators and pumps. The motor workshop is certified in 
accordance with ISO 9001 and all quality work is adapted to that. Each fitter is himself 
responsible for quality control of his own work. 

Manufacture was entirely governed by customer orders which meant that no assembly 
of a motor begun without a customer. Scania Södertälje had neither motors in store nor 
standard motors. As a result it was most probable that no motor was the same as the 
one after it on the assembly line. 

The productivity measurements made go way back in time and with measures such as 
hours per car, they had measured productivity at the lorry factory as far back as the 
forties. The reasons for this was that since the company had always been subject to 
competition they must continually be more efficient. Since Scania competes on a tough 
world market it was natural that they tried to compare themselves with their 
competitors. Scania at Södertälje kept track of what the competitors' vehicles did cost 
to the customer compared with Scania's products. They also looked at annual reports 
and other available information in order to obtain information regarding results, 
number of employees etc. 

The results of the in-house measurements were shown in a number of reports. The 
simplest of these came every fourteenth day and contained a number of simple key 
ratios for each department. This account was to be gone through at each department 
and any deviations with regard to goals set up were analysed by the work team. The 
thought behind this accounting was that information should reach those that could take 
measures; in other words the work team, since it was them who had most knowledge 
concerning production. 

The measurements were done by each department writing a check report each week 
where the number of approved and scrapped products were reported. These values 
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were then entered into the company's computer system. The information from 
production was then linked and matched with such things as the wage system where 
the number of hours were stored, and collated to reports by the accounting department 
of the factory. Scania Södertälje only included in this system the operators' and fitters' 
time, and the time of the staff was only included when they looked at the costs for the 
products. Nor did they try to break down the time of the operators and the fitters into a 
number of parts such as down-time, maintenance, tool changes etc. since they felt that 
it only made it more difficult to follow up. Scania Södertälje had chosen a system with 
"simplicity before precision" as they put it. 

In the report that was shown to the departments the following data was included for 
each 14 day period: 

• Number of approved units 
• Number of scrapped units 
• Time used (excluding staff) 
• Time used per unit (here only approved products were counted) 

These values were shown also as accumulated values and as a comparison with the 
budgeted values that were established at the beginning of the year. 

Scania Södertälje also had an account shown graphically of certain key ratios such as: 

• Production cost/approved unit. 
• Personnel cost/approved unit. 
• Time/approved unit. 
• Operating cost/approved unit. 
• Quality cost/approved unit. 
• Maintenance cost/approved unit. 

In the quality costs items, material costs were included for those products that they was 
forced to scrap. They did not take account of the increase in the value that had 
occurred through previous working which meant that they did not see the real cost for 
spoilage. 

With respect to the report there was the problem that they did not have a single product 
but several. This was taken care of by the results for each product unit being weighted 
to a common measure so that, for example, an eleven litre motor of standard design 
corresponded to 1.0 standard units while a V8 motor had a higher value. They did not, 
therefore, count the actual number of motors but a fictional number which was 
normalised in relation to a standard motor. This meant that changes in the product mix 
did not matter when a comparison was made. 

The total cost development for the company's products was for Scania a very important 
measure since it gave a good picture of the development in productivity offne 
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company. A very important parameter was therefore the cost per product unit 
compared with the producer price index, ppi. 

Another measure was the degree of utilisation of the machines. But since they did not 
have continuous operation there was a problem of measurement at the same time as 
this may not always be so important during, for example, a recession. What they on the 
other hand was very interested in was to follow the availability of the various machines 
to be able to calculate the capacity of the plant and to increase availability. Differences 
in availability of various machine makes were considered when selecting new 
machines. 

Scania Södertälje generally tried to measure as large parts as possible and increased 
attention was directed to the various staff departments, and here the overall 
rationalisation goals that the company management had set up also applied. At, for 
example, the personnel department they had set up as a goal that this department may 
only cost a certain percentage of total wages. This meant that all rationalisation that 
took place in production automatically had repercussions on the personnel department. 
However it was of the greatest importance that rationalisation was carried out with 
quality maintained: in other words they did not, by decreasing time on personnel 
recruitment, want to risk delivering unsuitable personnel to production. 

Scania Södertälje also planned to change a number of support functions such as 
company health service, maintenance, computer services and training. These would 
have to sell their services at the going market rate which meant that they had to adapt 
their operation to a revenue budget instead of as previously to an expenses budget. 

The idea was that everyone within the company who can affect production should see 
the results of the measurements. This applied to everyone from the operator to the 
company management. The production supervisor, who was the person who leads the 
work of a department, was supposed to show the results to the team when he had 
received the figures. In order to make the results more easily grasped, a graphic 
illustration was prepared which in certain cases then was put up in the department. The 
idea was that the team shall have a dialogue regarding the results that the graph shows. 

Since wages were regarded as an important control tool they considered it to be 
important that all employees worked in order to reach common goals instead of having 
everyone seeking to maximise their own profit in the short term. They therefore 
planned to introduce a wage system containing a work evaluation as a basis, and then a 
competence evaluation and thereafter something that was called personal results: in 
other words a type of assessment that existed on the white-collar side. In this way they 
hoped to obtain a good wage setting instrument and a good control instrument. 

Scania Södertälje also tried to flatten their organisation and therefore they had reduced 
the number of supervisors by 30-40 percent. 

In order to manage to be continually more efficient they also considered it to be 
important that there was a co-operation between the design and production 
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departments. The production department had to participate in the design phase since it 
was there that they had a chance to influence the cost of production for the product. 

One problem they experienced with the measurements was that the measure time/unit 
to a certain degree was dependent on volume since manning was not always in 
proportion to the volume they manufactured. On an assembly line there is a limit to 
how much the manning can be reduced even i f the volume decreases substantially. 
There must always be a certain basic manning which might lead to misleading figures. 

3.6.5 Volvo Personvagnar, Torslanda 

The Volvo group operates mainly in the transport industry manufacturing cars, lorries, 
busses, marine, industrial, and aeroplane motors. Volvo Torslanda Montering, VTM, 
as the factory at Torslanda outside Gothenburg is called, is a part of the Volvo 
Personvagnar company which manufactures cars. 

Measurement of productivity in the car industry, and in Volvo, has a long history. The 
measurement usually used was the number of hours taken to manufacture a car. 

Since 1990 there had been at VTM a system called KLE, which stod for Quality, 
Delivery Precision, and Economy. The background for this was a project that was 
carried out by English and American researchers in co-operation with 85 car 
manufacturers (Womack, 1991 and Helling, 1991). This project studied which 
indicators affect the results of the manufacturers in various areas. Volvo participated as 
one of these 85 with the Torslanda and the Ghent factories. In the study they measured 
the number of man-hours/car and the number of faults/car. Compared with the best 
manufacturers in this study VTM was far down the list, while at Ghent they were 
somewhat better and finished up in what they called the Europa class. These results 
called for reflection and the company set up a strategy that was designed to reach the 
Europa class in 1993 in order to reach even further later. 

The VTM management used the results of their measurements in the KLE-programme 
to check how they were placed in relation to the goals they had set up. Here they also 
wanted to see what part of the actual productivity values depended on excess staffing, 
stop times etc., in order to be able to take proper action. They also compared their own 
values with those of factories inside and outside the group. 

Each goal was broken down so that each team was given their own goals. The results 
were set up by the supervisor on a notice-board each week and each team had 
"morning prayers" where the supervisor gave information about the quality 
development, delivery precision and productivity development. 

At parts of VTM they applied a basic individual wage structure based on an 
assessment of individual achievement. On top of this there was within the group a 
bonus based on quality and then a bonus based on the results of the factory. 

In the measure hours/car, all personnel was included, including maintenance, service, 
supervision etc. Design, sales, etc., were, however, not included. The number of cars 
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that were produced was entered continuously in the computer system after the final 
stations in the process. Any adjustment due to variation in equipment on the cars was 
not made. The supervisors wrote time reports for the workers in their production unit. 
When the times were entered into the computer system the supervisors and the 
management could see the total time, how much had been used for training, union 
time, etc. Regarding hours per car, however, they counted only the total time. 
Stoppages due to break-downs which the shop floor employees cannot influence were, 
however, excluded. 

VTM continually followed up a number of key ratios that they considered were of 
importance for cost efficiency: 

• Number of faults per car 
• Delays regarding car days 
• Stock turnover 
• Man-hours per car 
• Absenteeism 
• Personnel turnover 

VTM also did follow up each profit centre and rendered accounts for material 
consumption, spoilage, man hours, personnel, auditing and production stoppages in 
relation to the budgeted figures each week. 

As regarded the service functions of the company there was a budget procedure and it 
was there that the top management made the productivity demands and followed these 
up with the help of the model for productivity analysis that they had. It was considered 
difficult to measure the results of certain service and staff functions and therefore they 
felt that the best way was to expose these parts to competition when this was possible. 
At Torslanda they had therefore outsourced certain operations so that, for example, the 
security guards had begun to sell their services in competition with other firms. 

VTM considered that it was important to create a plan for measurements that was 
simple and that people could understand. Management wished to avoid using, as they 
said, "economic jargon" and instead in the measurements that they made data were 
broken down to understandable units. 

The measurements and the accounting of the results was experienced by the employees 
on the shop floor as positive. The company was now introducing individual wages that 
were set by each supervisor and which, for the fitters, were based on a number of 
factors such as qualifications, creativity, ability to work in a group, etc. On top of this 
came the bonus for the quality results of the department and the bonus for the financial 
results of the factory. 

In order to obtain better co-operation between production and design they had 
introduced the smaller design teams that were out in the production department and 
which worked with carrying out small changes. VTM was working on increasing the 
influence of the production department at the design stage as well. 
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3.6.6 Scania Trucks & Buses, Luleå 

The main products of Scania Trucks & Buses Luleå factory are side beams, cross 
beams, bumpers, rear axle frames and support axles for buses and lorries. These 
products were assembled from more than 1000 items that were mainly produced in the 
factory. 

Some form of productivity measurements had been used since the factory started in 
1968. The reason was that management realised then, and still felt, that this was an 
important regulating instrument for guiding the operation in general and for increasing 
cost efficiency in particular which was considered necessary when competing on an 
international market. There were also other reasons why they measured productivity. 
One was that these measures was used during the payment of bonus wages to the 
employees and another was that they considered it to be important that their personnel 
was aware of the situation and motivated. 

Since they had within the various units at Scania Trucks & Buses applied the cost price 
principle it was not possible to measure their revenue at Luleå. Scania at Luleå had 
therefore chosen to concentrate itself on bringing down costs of the products that they 
supplied. 

The results from the measurements were mainly used to follow up the results of 
production compared with the budget made and to follow up the result of the 
investments made in machinery. The machinery investments that they made were very 
costly and it was considered important that the result was the expected, both with 
regard to quality and productivity. 

Data from the measurements were taken from the company's financial and planning 
system and collated by the company's production technicians and production 
accountants. Certain products could be followed in their flow through the factory 
thanks to bar-codes. Current information could in this way be quickly transferred to 
the company's computer system where the information was accessible. 

When new machinery was installed new production times were measured with the help 
of traditional work studies for the item range in question by the staff responsible for 
production. This was done to follow up previously assumed values or to obtain 
accurate data in advance for the coming budget work. 

Scania Luleå had concentrated the productivity measurements on measuring the actual 
number of hours, which could be taken from the company's wage system, for the 
production personnel in relation to the hours that they had budgeted. This was done by 
the department supervisors, for a certain expected production volume, budgeting a 
number of production hours that was then compared with the actual number of hours. 
The deviation in hours was then compared with the actual production volume. An 
increase in the number of hours in relation to the budget should then be accompanied 
by a corresponding increase in production volume and a reduction in the production 
volume in relation to the budgeted was then expected to be followed by the 
corresponding reduction in the number of production hours. 
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I f the department had a relatively homogenous product mix the production volume was 
estimated by, for example, counting the number of axles or frames. The actual 
productivity measure would then be the number of hours/axle or frame. I f on the other 
hand they had a more varied product mix they could, by giving each item a time of its 
own, calculate what time they should have used in order to achieve this production. I f 
the actual time/calculated time was computed they obtained a measure of the 
productivity that could be followed up. 

Scania Luleå also used what they called a "standard unit" for measuring productivity. 
Such a unit was obtained by stating that it consisted of a number of various items that 
they had in their production without actually producing such a product. I f you had 
calculated for each article a certain time of manufacture you could in this way 
calculate how long the standard unit should take to manufacture. By then dividing the 
number of actual hours with the calculated hours for the standard unit they obtained 
the number of manufactured standard units. This was in other words one way of 
comparing actual time with calculated time but presenting the result in a different way. 

Other quantities measured were: 

• Capital turnover 
• Spoilage costs as a total and in relation to value added 
• Quality audit results 
• Availability of 40 key machines 
• Energy consumption adjusted for external climate 

All parts of the company were measured. They even measured the restaurant where 
they counted the number of meals served in relation to the hours of the restaurant staff 
and workers. The costs of the maintenance personnel were set in relation to the 
replacement value of the machines that were maintained. Administration was measured 
as actual costs in relation to budgeted costs. 

Scania, Luleå measured and accounted for the results every other week to the 
employees and once a month regarding the internal account that was made. The 
measurements were made primarily for management and the wages office. The results 
of the measurements were used for control of the company and payment of bonus 
wages. One further use was that the results continually were accounted for to the 
employees and thereby were seen as a motivation factor. The employees were aware of 
the importance of raising productivity: partly because it was considered important that 
the company could compete with its products on the world market but also because the 
Luleå factory should be an effective part of the company so that jobs should not be lost 
to other parts of the country or the world. 

The view was put that it is difficult to compare results when there are changes in the 
product range and quality. The new and more efficient machines that were continually 
being installed in the factory meant that the number of hours per unit produced 
continually decreased at the same time as quality improved. 
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There was, according to the company, a risk that the results could be misinterpreted. 
The risk of this was obvious i f there were changes made in the product mix. It was also 
considered to be very important that measures that can be understood by everyone was 
used otherwise they would not have any effect as regards to increasing motivation. 

3.6.7 SCA Nordliner, Obbola 

SCA is one of Europe's leading wood-processing companies. The plant at Obbola is 
part of the business group Förpackningar in SCA. The plant is a manufacturer of 
corrugated cardboard raw materials. 

The main reason for the measurements that they carried out was that they were forced 
to compare themselfs with their competitors. Since the products are relatively simple 
and thereby difficult to sell other than at a low price they had to see that they were as 
good as, or better than, their competitors. Apart from a general interest in being able to 
compare themselfs with their competitors the whole time, they also thought at Obbola 
that measurements was a good way of increasing motivation of the personnel of the 
factory by showing them they had achieved the desired result. 

SCA Nordliner tried to measure up to the best and set up goals for their own operation. 
Every four months a major report was produced that contained a number of details 
concerning production where they could compare values in-house and with 
competitors. 

Outside the comparisons with competitors they also did set up internal goals where 
they tried to become better each year. They did this partly because there was an 
interest from company management but also because they wanted to inform and 
motivate their own personnel. 

They had a running follow-up at the factory of certain measures such as ton/day, and 
these values were put up on the notice-boards each day. In an information sheet that 
came out once a week the production of both the pulp and paper mill were shown and 
these values were compared with those budgeted. In this sheet was also information 
concerning the situation regarding orders, customer complaints, discharge to ah and 
water and other information of interest. 

Furthermore a wage bonus was paid to everyone except management in relation to the 
production that they had achived each day. Management had instead a system that was 
based on economic results. At Obbola only the number of tons was important 
regarding the production bonus and the reason was that this was such a simple 
measure. They therefore did not weigh in factors such as supply reliability, product 
mix or quality. The production bonus was of the order of 5 to 10 percent of a normal 
wage. It was always paid in the form of SEK/ton which meant that it gave more in 
percent for those that had lower wages. They also started counting from 0 which meant 
that the workers always got a bonus. 
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Assembling up-to-date figures was not particularly complicated and the required 
information from production was available in the factory's computer system. Up-to-
date figures of production were obtained daily. The production personnel then collated 
the measurement values for the accounts department where they then, with the aid of 
the values in the company's accounting system, were utilised. These two systems were 
thus not linked. Sometimes work was carried out by sub-contractors and they tried to 
compensate for this when they produced their own and other's measurements. 

SCA Nordliner, Obbola measured in several different ways since they believed that 
there was no one measure that reflected everything. It was usual to measure 
ton/man-hour. They included in man-hours all personnel excluding overheads, R&D 
and sales. 

In the main report that they produced each quarter there was apart from ton/day also 
measures such as ton/year and metre machine width, time efficiency, in other words 
the operation time in relation to total time, stand-still time and contribution-to-profit 
per hour. The measure energy/ton was also a measure that was used. 

Since they were quality certified and believed that quality was very important, they 
measured quality in the form of complaints that they compared with the goals set up 
for this. They also received information from then customers regarding the 
"runability" of the paper; that is to say how easily the paper could be run in the 
corrugated cardboard machines. 

SCA Nordliner, Obbola also measured its service by looking at factors such as "on 
time deliveries" and "on order deliveries". The first of these measures was a measure 
of how many of the orders that was delivered on time while the other measured how 
great was the value of the total order sum that was delivered on time. 

The measures chosen were considered to be easily obtained and understod by the 
employees. 

Everyone who has had something to do with production itself including maintenance 
was counted in the overall productivity measurements. Staff functions such as 
accounting and personnel could be measured by setting budget goals and comparing 
these with the outcome. That sales, management and R&D were not included in the 
direct productivity measurements was due to the company wishing to have figures that 
they could compare with those of competitors. 

The principal aim was to be able to be competitive in the long-term compared with the 
competitors of the company. This was essential since they considered that there were 
few industries in Sweden who were so subject to competition as the paper industry. 

As regards the connection between production and wages they considered instead 
having some form of wage based on results since they wished to take account of the 
fact that it was not always only the number of tons that was important. The 
disadvantage with such a system would be that it is more difficult for the employee to 

86 



understand since it would then be based on factors which he could not influence such 
as the dollar exchange rate. 

3.7 UNITS WITHIN THE CONSTRUCTION INDUSTRY 

Below follows the findings from each one of the studied units within the construction 
industry. 

3.7.1 Golvläggaren, Haninge (Siab Bygg) 

Siab is one of Sweden's largest construction companies. Golvläggaren, Haninge, was a 
building project that comprised new construction of 284 tenant-owner flats. It is 
located close to Brandbergen centre in Haninge municipality about 20 km south of 
Stockholm. In all, the project comprised a gross area of about 31 200 m 2 and a volume 
of about 96 200 m 3. Since the project was a turnkey contract design had to a large 
extent been purchased and controlled by Siab itself. The project was started in 
November 1990 and was estimated to be completed in November 1993. 

At the project they had invested heavily in being able to deliver a product of as high 
quality as possible. Since much of the recent debate in Sweden concerning shoddy 
building and mildew in our houses had concerned not being able to dry the building 
properly before people moved in, they had in this case taken steps in order to resolve 
that problem. 

The site manager had a strong personal interest in productivity measurements. He had 
carried out these during the whole of his working life even i f he was of the opinion that 
it was first in later years that, with the help of computers, he said he had, in a rapid and 
satisfactory way, been able to obtain mteresting figures. He had for several years been 
active in the former GDR employed by ABV 2 3 and had also consistently carried out 
measurements of time taken for various work operations. The international department 
of ABV responsible for the eastern parts of Europe had then been able to use these 
values to estimate further projects in the former GDR and other countries. 

It had, however, not been the directives of senior executives or management that had 
guided development as regards productivity measurements. It was instead only a matter 
of a personal interest with the site manager and applied on the individual work site. 

The main use of the productivity measurements that was carried out was as a basis for 
the final cost forecasts made once a quarter. The site manager was of the opinion that 
through having a good idea of how many skilled worker hours the remaining work 
would take, he also had a good check on other costs such as machinery, containers and 
staff. Since these costs were governed by the quantity of skilled worker hours it was of 
the greatest importance to make sure that consumption of hours was as small as 
possible. 

ABV is after the merger with JCC in 1988 the second largest contractor in Sweden, NCC. 
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It was, however, also important to check that material consumption was kept as low as 
possible. The site manager and his planner therefore also carried out a continual 
follow-up of material consumption in relation to theoretical quantities. 

The site manager had, about once a month, a run-through with the workers where he 
accounted for and discussed some of the results. This had resulted, after suggestions 
from the workers, in an alteration in the method of working when putting down the 
foundation of houses which meant that they could reduce the number of hours. 

Comparisons were not made with other projects within the company since there were, 
to the knowledge of the site manager, none with corresponding measurements 
anywhere. However, he made comparisons with figures from his previous projects. 
The material compared went back to 1980 when he served as supervisor on a 
conversion project and when there was an interest in following up the time taken for 
various working operations. 

The measurements were taken by the team supervisor distributing the time for each 
individual over about 50 activities. This was checked then by the supervisor 
responsible who then passed on the information to the planner of the construction. 
Each activity was given a number that was identical with the number of the material 
being worked. The information was then fed into a personal computer where they 
could, with the help of a standard program, analyse the values. 

The material was checked by quantities used being compared with theoretical 
quantities. In this way they could check excess consumption. By analysing the material 
costs further together with hours spent of each activity it was possible to obtain the 
total cost for work and material. 

As regards costs such as staff salaries, energy and machinery, these were compared 
continuously against the production estimate that they had for the project. 

Since the measurements were concentrated to the number of skilled worker hours per 
operation the measurements in question were expressed as hours/m.2 plasterboard, m 3 

concrete, tons of reinforcement, number of doors, windows, etc. As regards material, 
excess consumption was related to the theoretical quantity and they obtained an excess 
consumption, known as wastage, in percent. 

Since the site manager considered that the number of hours worked were decisive for 
staff, machinery and container costs, the measurements were concentrated to these. It 
was also relatively easy at this stage to relate the number of hours to production. It was 
considerably harder with regard to staff. It was in this case hard to point to any 
production and these are more in the nature of a service function that aids the function 
of production. For this reason staff were only measured in relation to budgeted costs. 
By looking at the relation between the number of workers and staff they could obtain 
an idea of the staffing that is reasonable. It was, however, considered to be very 
dangerous to understaff a site regarding staff. This could have very negative 
consequences, the site manager considered. 
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The results of the measurements were mainly used by the site manager as a basis for 
financial forecasts. Management and skilled workers also used the measurements as a 
basis for making a choice of working methods and materials. The results were shown 
to the employees every quarter and in connection with this they could then discuss any 
changes. The estimates department of the in-house house building department had also 
shown a certain interest in obtaining the results from the measurements. This, 
however, only applied to the estimates unit within their own department. 

At this building site they applied straight piecework and the reason that the usual 
bonus piecework, which has a relatively large fixed wage part, was not used was that 
the workers here had wished to have their wages based on straight piecework. The site 
manager, who was in favour of piecework, was really an opponent of a straight 
piecework but had to give in. The site manager considerd that piecework is a good 
wage system but then perhaps best as bonus piecework. It would, however, be even 
better i f they could link wages to materials consumption as well in some way. Trials 
previously carried out with this have, however, not given such good results since those 
on the site became so careful regarding material that they started to used small pieces 
that really ought to be thrown away. It was therefore considered important that the 
workers does not build with poor quality material in order to increase earnings. 

3.7.2 The Igelstabron Consortium, Södertälje 

Igelstabron comprises a part of the new Grödingebanan which is a double line railway 
about 30 km long between Flemingsberg and lärna. The largest single contract at the 
Grödingebanan was Igelstabron. The bridge, which has a length of over 2 km, is one of 
Europe's longest railway bridges. The contractor was a Swedish/Norwegian consortium 
consisting of the Swedish NCC and the companies Veidekke and Eeg Henriksen from 
Norway. 

Igelstabron was, like many other bridges, a turnkey project which meant that the 
contractor was responsible for both design and production. Since they had thus given a 
tender without being sure of either exact working methods or materials consumption 
the consortium had on the basis of the bridge estimates considered that it would be of 
value to obtain "feed-back". Taking advantage offne possibility of getting a database 
for future projects was one of the reasons for the productivity measurements that they 
carried out. 

In this bridge project there were a number of work cycles that were repeated a great 
many times. It was expected that in the beginning they would have a fairly long cycle 
time but that when everyone knew what they had to do and everything began to 
become established this cycle time would be reduced considerably. In order to manage 
this it was important that they measured the time taken continuously and that, i f they 
did not obtain the required results, they would take the measures needed such as 
changes in working methods, shifts or suchlike. 

In order to be able to make correct estimates of the final cost it was of importance that 
they had control of how many hours of work that would be consumed before the 
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project was finished. This could then be achieved by assessing from the measured 
values future cycle times and that way make an estimate of the remaining hours. For 
other costs such as material, formwork equipment, machinery and staff they did not 
have the same difficulty in assessing the final cost since there were seldom any great 
variations during the construction period. 

The budget the consortium had for the project was followed up every fourth month and 
then the productivity measurements they had carried out were of importance. The 
forecasts that they had then made were gone through by representatives for the 
companies taking part during what was known as consortium advisory meetings. Here, 
any deviations from the budget regarding costs or time were analysed and they could 
make decisions and changes. 

The employees had basically a fixed hourly wage and above this was then paid a bonus 
i f they had managed to save time in relation to the normal time that they had in a 
contract with the consortium. Since the bonus was only based on the number of hours 
this system could be compared with an ordinary bonus piecework system. 

A concrete bridge consists, when it is finished, of concrete and reinforcement. In order 
to be able to set concrete you need, however, during the construction period also 
formwork. These three are thus by far the largest works and therefore they had chosen 
to study them. This was done by the management, with the help of information from 
the shift bosses, dividing the number of hours worked for the workers into the three 
activities of formwork, reinforcement and concrete. This information was then passed 
on to the planner who collated the sub-times in then personal computers. 

They did not, however, solely divide the hours into these three activities but they also 
looked at which building section had been carried out. Since they only looked at the 
three activities of formwork, reinforcement and concreting the key ratios they uses are 
the number of hours per nfi formwork, ton of reinforcement and m 3 concrete. The 
values obtained were compared for the different parts of the bridge such as 
foundations, piers and bridge deck. 

They concentrated on measuring the number of hours for workers. These hours 
included, however, the sub-contractors that took part in the direct production such as 
welders and service workers such as electricians. 

There were no measurements of staff since they considered it to be too difficult to 
measure them. These costs were, however, checked against budget as were other costs, 
for example for material and sub-contractors. 

The consortium meant that one of the most important persons involved in the 
construction of the bridge is the design engineer. He can influence both materials and 
wage costs in a decisive manner. Since there was, in this project, very good 
co-operation between the design engineer and the contractor they had, according to the 
consortium, managed to keep costs down. The difficulty was here to measure in any 
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other way than that of afterwards deciding i f the preliminary estimates of material 
usage were in agreement with the actual ones when the whole project was completed. 

There was no reporting to company management concerning the productivity figures, 
and reporting was only in the form of the economic reports given with four months' 
interval. The only people outside the workplace itself that had shown interest in the 
measurements were the estimates departments that took part at the tender stage. No 
comparison with other projects within or outside the company (NCC) had been carried 
out either since, as far as the planners knew, there were no other data available. Nor 
had they previously carried out this type of measurement and that it could be done on 
this work site was due to the fact that one person had a great interest in this. 
Unfortunately, he said, there had not at previous workplaces been either time or 
interest for productivity measurements and this was the first time that he experienced 
that there was both the time and the opportunity to make continuous follow-ups. The 
bridge with its great length was also eminently suitable for a follow-up since there was 
here serial production that they did not have at many other projects. 

The reporting of times that they had used was initially met with some suspicion from 
the skilled workers. This, had, however, now subsided since they saw that the 
measurements were not used to control the workers. 

3.7.3 BPA Bygg, Sundsvall 

BPA was one of Sweden's largest construction companies.24 The building department 
studied operated in Västernorrland with Sundsvall as a base and within an area with a 
radius of about 70 km. Production was concentrated on house building and for many 
years dwellings had been the main product. In the last years, however, other types of 
building had been added such as offices, industrial buildings and shops. 

The background to then interest in productivity measurements was that they in 1973 
made an accurate follow-up of a large dwelling project in Timrå in order to obtain 
experience for corning tender estimates. This resulted in them having to change some 
of the values that they had previously used for estimates. They realised then that it was 
important to follow up the unit times used for estimates continuously. 

The predominant wage system for workers in the department was piecework and then 
usually bonus piecework. With this wage system it was natural within the department 
to always have a dialogue concerning what times various working operations should 
take. In the department they considered that piecework was a very good wage system 
that worked well at the building projects they had. 

They thought that it was important to be able to follow up the costs at the building 
project in order to be able to check forecasts of the final situation. Certainty with 
respect to final cost forecasts was the most important requirement the management 
within the company made. 

2 4 BPA's building operation has now been taken over by PEAB and BPA is today a subcontrator 
carrying out installations, carpeting, and plating work, etc. 
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The experience they had of previous projects was that it did not differ much when it 
came to efficiency in the utilisation of material. They had about the same "spoilage" 
and it was here difficult to reduce this below today's levels and at the same time 
maintain the required quality. 

Direct measurements at the work sites did not take place and instead they used the 
piecework wage system as a measure of labour productivity. The standard time they 
had for various work stages was taken either from "Arbetsdata"25, which is a work 
from 1972 containing unit times obtained during the 1960s for working operations that 
are common in the building sector, or from values based on experience. After the usual 
piecework negotiation where the total time for the project had changed to a sum of 
money, they made piecework checks every 12th week. They could hereby dhectly 
from the wages see what the productivity had been. For this to work well they had at 
all work sites what is known as a quality file. This was assembled at each department 
and contained a number of check lists that were used to check that the work was 
carried out in the right way. 

They also followed up the consumption of the material concrete compared with 
theoretical quantities at all work sites. The reason why they had chosen to study 
concrete was that it was part of most building projects and that it was this material that 
they considerd gave the greatest "spillage". It was also easy to compare theoretically 
with the actual quantity delivered. 

By accurately checking the project time schedule, they also obtained a simple follow-
up of productivity. Sizeable divergences from estimated times became apparent fairly 
rapidly with a check against the current schedule. Divergence here could of course 
have other causes such as delivery disturbances, delays with authorities etc., but 
usually gave a good picture of productivity. 

Since the measurements they did were mainly based on checks against the piecework 
wage the key ratios they used became a comparison between estimated time and real 
time. 

When they followed up the consumption of concrete they obtained a measure of how 
efficient with material they had been by seeing how much material in percent that the 
extra consumption comprised. 

After the end of each project they calculated the number of wage hours per m 2 gross 
area or per m 3 gross volume. They also calculated a number of key ratios for common 
costs such as cranes, containers, machinery, etc. by placing each cost in relation to the 
gross volume, gross area or number of hours worked by the skilled workers. These key 
ratios were used above all when estimating but acted at the same time as an indicator 
of how efficient they had been when using these resources. 

Translated it would mean "work data" 
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Due to the bonus piecework wage system the measurements were entirely concentrated 
to measurement of the workers. They took the view that productivity of staff was very 
difficult to measure and that material consumption could not be influenced very much. 
What was on the other hand important was that they utilised all their resources in an 
optimal manner. This was done by being well ahead in the plaruiing of resources such 
as workers, staff and equipment that they owned such as formwork equipment. This 
became especially important after the conditional tenure employment of building 
workers that was introduced in 1988. There was excellent co-operation between all the 
site managers within the department as regards the utilisation of resources since they 
knew how much this meant for the financial situation for the department. 

They were interested from the regional office and the head office only in the financial 
results. There was therefore no exchange of experience or comparison of productivity 
values with other parts of the company. They did not compare themselves with other 
companies since there were no other material with which to make comparisons than 
the experience that came from the building workers union at piecework negotiations. 

With the present system where they via piecework measurements made checks every 
12th week they did not obtain the rapid results that they would liked to have. They 
meant that it would have been desirable to have had a system so that they could 
produce results each day. Nor did the system where they compared actual total time 
with calculated total time provide an opportunity for going into detail in order to see 
which part or parts diverge from the standard time. 

3.8 SUMMARY 

3.8.1 Similarities and differences 

There are many similarities between the different companies with regard to then-
measurements but there are also differences. This is especially the case in a 
comparison between the manufacturing industries and the construction companies. 
This can easily be seen by summarising the findings in a table. 
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Table 13. Summary of findings from the units studied. 

Company Reason for Measures used Results used for 
measuring 

ABB 
Motors 

• competition • delivery time • comparisons within ABB 
• T50 programme • level of service • management control 

• throughput time • information to employees 
• sick-leave • bonus wages 
• personnel turnover 
• cost price/hour 
• "first passed yield" 
• stocks 

LKAB • competition • tons/hour • comparison with 
• energy cost/ton pellets competitors 
• cost/metre of raise • follow-up of investments in 
• cost/metre of drift new technique 
• additive/ton • follow-up new 
• operational availability organisations 
• real cost vs budgeted * information to employees 

SSAB • maximise • production/unit • comparisons with 
operational time • production/area competitors 

• follow up results • production/volume • follow-up operations 
• motivate • number of charges/day • decisions regarding 

employees • tons/day investments 
• operating time/down • bonus wages 

time 
• man-hours/ton 
• energy/ton 
• real vs budget 

Scania, 
Södertälje 

• competition • hours/approved unit • comparisons with 
• production cost/unit competitors 
• personnel cost/unit • management control 
• operating cost/unit • information to employees 
• quality cost/unit 
• maintenance cost/unit 
• machine utilisation 

Volvo • competition • number of faults/car • comparisons with 
• international study • delays competitors 

of car • stock turnover • management control 
manufacturers • m a n hours/car • information to employees 

• absentism • bonus wages 
• personnel turnover 
• outturn vs budget 
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Scania, 
Luleå 

• competition • actual vs calculated • management control 
• motivation of hours • bonus wages 

personnel • capital turnover • information to employees 
• spoilage costs/value 

added 
• quality audit results 
• machine availability 
• energy consumption 
• out-turn vs budget 

SCA • competition • ton/day • comparisons with 
• motivation of • ton/man hour competitors 

personnel • ton/metre machine • information of personnel 
width • management control 

• operation time/total 
time 

• stand-still time 
• contribution-to-

profit/hour 
• energy/ton 
• customer complaints 

Siab • site managers • man-hours/unit • cost forecasts 
interest • material wastage • estimations in connection 

• data for future • outturn vs budget with tendering 
tendering • comparisons with previous 

projects 
• information of personnel 
• choise of working methods 

Igelstabron • optimation of • hours/m2 of formwork • cost forecasts 
work process • hours/ton • estimations in connection 

• demand for reinforcement with tendering 
accurate final cost • hours/m3 of concrete 
jprognosis 

BPA • values needed for • purchased qty of • estimations in connection 
tendering concrete vs theoretical with tendering 

net qty 
• actual hours vs budget 
• actual stand vs time 

schedule 
• final costs (or hours)/ 

m 2 or m 3 
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3.8.2 Reasons for measuring productivity 

The reason the export industry companies studied spend time and energy on 
productivity measurements can be summarised in one word: Competition! Everyone 
says that they live in a very competitive world where foreign competitors in particular 
are experienced as being difficult. The companies studied are used to international 
competition both in Sweden and abroad. They are aware a constant threat both from 
their competitors and from other units within their own company. Both staff and 
workers are fully aware that i f they cannot produce products of good quality, at a low 
price, and delivered in time, their factory will in the end be closed down and they will 
lose their jobs. This has forced them to compare themselves with their competitors or 
with other production units within their own company. 

There is also a strong commitment from top management when it comes to 
productivity measurement. They see these measurements as an important tool in the 
task of achieving the desired long-term profitability for the company. Management 
also take a number of measures to improve productivity. The most important of these 
are: 

• Investments in new technique 
• Changed organisations 
• Introduction of new wage systems 

The measurements of productivity have become a natural part of the follow-up 
regarding whether the desired results from the changes are achieved. 

Construction companies viewed productivity measurements differently. There was no 
threat from foreign competitors and other units within their own company. This can 
mainly be explained by the fact that foreign competition was then, and still is, very 
limited and construction products cannot be transferred to other parts of the country 
(or abroad). Any fear of losing jobs or being forced to close down due to foreign 
competition could thus not be noted. Additionally the workers had not, in contrast to 
the workers in the companies within the export industry, had any permanent 
employment before 1988. Many offnem had therefore experienced both 
unemployment and changes of employer several times. 

The strong commitment from top management experienced at the manufacturing 
industries studied to use productivity measurements at site level to achive goals such as 
long term profitability was not seen. In the construction companies top management 
focused instead on traditional economic measures at company level. At the individual 
site the reason for measuring was a top management demand for precision in the final 
cost estimates. This improved accountancy at company level. This led in certain cases 
to staff at the individual construction project spending time in a variety of ways on 
following up changes in productivity. The reason for productivity measurements at 
construction sites was thus not to follow up the developement of productivity at 
different sites within the company, or how the company had developed compared with 
its competitors. Instead it was an aid to the individual site manager as regards assessing 
the final cost of the works at the site. This conclusion is in good agreement with 
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research that was carried out in Finland by Imrnonen and Rejström (1987) that 
established that construction companies are certainly interested in the profitability of 
the individual construction project but that they show little concern regarding the 
development of productivity: They concluded: "As long as the work site meets the 
financial result that was promised in the budget low productivity is accepted by 
company management." 

3.8.3 Measures of productivity used 

The companies have chosen their own measures which they consider are easy to 
measure and that are understandable to their personnel. By far the most common 
choise is to measure labour productivity in some form. In this there is really not much 
difference between the various companies or sectors and they consider that by 
measuring labour productivity they can capture changes in productivity in a simple and 
relevant manner. 

The selection of personnel whose working hours are to form a basis for measurement 
varies from company to company. Certain export companies include all personnel 
including staff and service personnel, while other export companies and construction 
companies only count workers who have been dhectly engaged in production. The 
export companies are of the opinion that it is important to include as many employees 
as possible so that the measure shall be relevant. All personnel certainly receive wages 
and thereby contribute to the total cost of the product. Management of construction 
companies considers that measurement of the the number of hours for workers 
suffices. 

Within the companies studied, and then mainly within the export industry, there are 
also other measures of performace. Examples of such are budgeted quantity or cost in 
relation to actual quantity or cost, energy cost in relation to quantity produced, indirect 
material per unit, and maintenance costs per unit. 

On top of these measures the industrial companies in the exporting sector studied use a 
number of key ratios that they consider to be important since they influence the costs 
of the company and the market's evaluation of the company's products. The most 
common of these is the quality measure. By not making mistakes in production you 
save time and material which means that costs for the product decrease at the same 
time as the customers are willing to pay an additional price. It is important here to 
emphasize the difference between measuring quality in production and quality of the 
finished product. High quality of the finnished product can also be achieved with 
considerable adjustments subsequent to production, which, however, leads to higher 
costs. 

The importance of quality is also emphasised at the construction companies studied, 
even i f they do not, as the other companies, measure quality. At the time of the study 
none of the companies studied had obtained quality certification as regards house 
building or industrial production as was the case with several of the export industry 
companies studied. 
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Within the export industry companies there are also other measures which are not 
productivity measures but which are still continually followed up since they are 
considered to be important for the long-term competitiveness of the companies. These 
include: 

• delivery time in days or weeks 
• stoppage time in relation to total time of operations 
• delivery delays date in days or weeks 
• absence due to illness as percent of total working time 
• personnel turnover in percent. 

In productivity measures such as labour productivity, which is the most common 
measure, it is important to watch out for suboptimization. Large improvements in 
labour productivity must be combined with careful use of other resources such as 
capital and energy. 

3.8.4 Using the results 

The results of the measurements are used in different ways. The export industry 
companies' management sees productivity measurements as necessary in order to guide 
operations. They wishes to follow up the results of investments made in new technique 
or of organisational changes. Within the construction companies studied it is the 
individual site managers who use productivity measurements at their own work sites to 
make final cost estimates of wage costs for the workers. Sometimes the results are also 
sent on to their own estimate departments. 

A further use of productivity measurements within export companies is as an important 
part ofinformation given to employees for their motivation. The employees have in 
this way the opportunity of participating and excerting influence at the same time as 
the companies sometimes use the measurements when calculating the bonus wage. 
There is seldom any information to the employees within construction companies other 
than in connection with piecework checks. 

It is important to note that all the export industry companies have done away with 
piecework wages and have fixed wages. On top of this many have a variable element 
that is coupled to various key ratios. Productivity is often included in these. The 
construction companies still have piecework wages. They are, as opposed to the other 
companies on the labour market, resonably in favour of this form of wage. 

The export companies also use these measurements to compare themselves with units 
within the company or with competitors. It is a matter of survival that performance is 
no worse than that of other units. Poor performance brings the risk that the operation 
simply be wound up or manufacture moved abroad. No comparisons were made within 
the construction industry between companies since the companies were not cognizant 
of the development of their own productivity or ofthat of their competitors. 
Comparisons were normally not even made between different work sites other than for 
dwellings where some comparisons were made after project completion. This was 
partly due to many work sites not making any measurements but maybe primarily to 
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corrimuriication between sites being so poor. It is very unusual for iriformation between 
work sites to be exchanged (Larsson, 1992) and experience gained often resides with 
the individual site manager. Certain information was in exceptional cases given to the 
estimates department. 

3.8.5 Parts that are covered by the measurements 

In general the export industrial companies have a desire to include as much of the 
operation as possible in the productivity measurements while the construction 
companies consider that it suffices to measure their own workers. 

The export companies take the view that there are problems in measuring certain staff 
functions. This can be resolved by setting up rationalisation goals in the budget and 
then comparing these with actual results. Another model is to subject one's own 
in-house operations that are placed beside the main operation to competition from 
external units. These operations may then quote prices for their services that are then 
related to existing market prices. 

It is often possible to find key ratios that can be used with respect to parts of the 
company that produce service. It can then be a question of key ratios such as times for 
order confirmation, quotations and planning. 

3.8.6 Difficulties with the measurements 

Within construction companies one of the reasons for the low interest in performance 
measurements at site level is the top management's demands for forecasts of final costs 
and revenues. Interest in measurements of productivity, quality and other matters at 
site level seems to be absent and measurements are instead limited to the traditional 
economic measures at company level. Naturally such measures are important for 
company performance as a whole but the very large importance that the individual site 
has on company performance is neglected. Measurement of productivity at the 
individual site will only be realised through the interest and commitment of managers 
at lower levels. 

An argument often heard from people in the construction sector is that buildings 
cannot be compared with other products since no two building projects are ever the 
same. This is correct in so far as a building is seldom exactly like any other. 
Exceptions will be found in the production of houses and flats, but often there are 
some differences. This is, however, not peculiar to the construction industry. The study 
of the export companies shows that there are other companies where there is a similar 
problem since many manufacture thousands of variants on the basic product in 
accordance with the wishes of the customer. This naturally causes considerable 
difficulties in obtaining a fair measuring system with the large number of different 
products. It is, however, a unanimous view among export companies that, as one of the 
persons interviewed said, "a 100 percent fair and exact system is not required". 
Instead it is necessary to find a system that is fairly simple and where the results can 
be presented to the employees in an easily understandable way. 

99 



It is easier to compare measurements within a company or a group than with those of 
competitors. This is because it is not so easy to find data for other companies and that 
it can be difficult to modify such data so that they are comparable with one's own. 
There can also be technical and qualitative differences in the products which make 
comparisons less meaningful. 

Accounting for results in such a way that all employees understand them is considered 
difficult. It is, however, this that is perhaps the most important reason for measuring 
and it is therefore important to find key ratios that can be understood. I f this is not 
done the company will not obtain the interest for productivity improvements that is 
necessary. 

The export industry experienced that it is difficult to compare results when there is 
high capacity utilisation and when there is low capacity utilisation. This can apply to 
low machine utilisation and to excess personnel that give the impression of low 
productivity. In order to obtain correct values some has, therefore, in certain cases 
removed excess personnel who have, for example, then been placed in training. These 
personnel have then not been counted in the labour productivity measures. 

100 



4 M E A S U R E M E N T S O F K E Y R A T I O S O N C O N S T R U C T I O N 

S I T E S 

This chapter is based on the results obtained from measuring a number of key ratios at 
various construction sites in northern Sweden during the period 1993 till 1995. The 
idea of making this study grew stronger as a result of the case studies of production 
units (chapter 3). Al l the units included in that study used key ratios in some form to 
measure productivity dhectly or indirectly. 

4.1 METHOD 

In selecting method a for this study there were two choices: 

1, An extension of the case studies previously made, but this time only including 
construction sites. The advantage of this alternative was that it would make it 
possible to cover a large number of sites during the time available. The disadvantage 
of this alternative was the risk of ending up with a lot of examples with only the 
same key ratios. 

2. Trying to find on-going construction sites where a selection of key ratios could be 
measured. The advantage of this was that a large number key ratios could be tried. 
The disadvantage was that such measurements would require a lot of time. It would 
mean that only a small number of measures at a limited number of sites could be 
tried. 

During this period of time the unemployment rate among people in the construction 
industry was very high. This was particularly the case among younger people and even 
those with a masters degree had difficulties in finding their first job. This had led to 
the employment offices in Sweden looking for alternatives instead of merely paying 
unemployment benefit. They therefore decided to introduce a work experience 
programme where younger unemployed persons could have a six months period of 
work experience at companies. During that time the employment offices would pay 
them a salary equal to their previous unemployment benefit. Other costs such as travel 
expenses would be paid by the companies. 

This led to the idea of using unemployed engineers to help with measuring. In that way 
it would be possible to perform the measurements with a larger number of key ratios 
and on a much larger number of sites. Contact was therefore made with the local 
employment office in Luleå in order to present the idea. Since the measurements 
would only require part of the time there would also be plenty of time for the young 
engineers to learn about construction. The employment office was positive to the 
suggestion and they started to look for suitable persons. Since their positive answer 
gave an opportunity to overcome the disadvantages of actually performing 
measurements on sites the decision was made to go ahead with this method. 

Promises had been made earlier to help in finding two projects from NCC and then 
affiliated company NVS. In order to find more suitable projects a contact was made 
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with the local office of the Swedish National Road AcimMstration and the employers' 
association for the contractors in Norrbotten26. They were very positive to the idea and 
promised to help in finding suitable projects. The only request there was regarding the 
projects was that we wanted to be able to start the measurements at the same time as 
the work started. The reason for this was that otherwise there was a risk of loosing 
valuable information from the beginning of the construction phase. 

The search for suitable persons and projects resulted in eight different projects27 being 
followed up for periods varying from 3 months to one year. The sites which were 
studied were: 

Site 1: Bridge over the Pite river at Böle 
Site 2: Hospital in Bollnäs 
Site 3: Plumbing and heating installations in Umeå 
Site 4: Market hall in Luleå 
Site 5: Asphalt paving in Västerbotten 
Site 6: Swimming hall in Boden 
Site 7: The Furuparks school in Luleå 
Site 8: Bridge over the Kalix river at Svartbyn 

These sites are briefly described in the appendix. 

On five of the sites young engineers helped in performing the measurements. On two 
of the sites the measurements were made by the author and on one of the sites the 
measurements were made as part of a final thesis for one of the MSc students at the 
Luleå University of Technology. The total time period studied on these sites amounts 
to four years and eight months. 

The work was followed up at the different sites and hours, machines and materials 
used, revenues and costs occurred and also actual time compared to scheduled time 
was momtored. These were then combined into different key ratios that were 
calculated at different time intervals. As a help in these calculations all persons 
involved were equipped with a personal computer on site. 

4.2 SELECTION OF KEY RATIOS 

Since construction, with a few exceptions, requires a long time before the product 
(output) is completed, productivity measurements have to be made in a different way 
than in many other industries where the production time for one unit can be counted in 
minutes or maybe at the most in hours. After the case studies were performed (chapter 
3) and the results obtained from the DEA of the building and civil engineering projects 
(chapter 2) a number of possible key ratios were considered. These were: 

^No r rbo t t en is the geographical province in the north of Sweden bordering on Finland. 
2 7 There was also a ninth project which was studied for a period of three months. The person on that 
project was however tragically killed in a car accident and his work on that site was therefore never 
completed. 

102 



• disruptions 
• subcontractor cost per unit 
• hours worked/hours available 
• manufacturing time per unit 
• sick leave 
• stocks 
• value added per hour 
• physical units per hour 
• output per unit of energy 
• actual cost versus budgeted cost 
• actual hours versus budgeted hours 
• quality cost per unit 
• number of errors 
• capital cost per unit 
• machine utilisation 
• material wastage 

These measures were then discussed with the persons helping in perforrning the tests, 
the site managers on the projects and sometimes also the area managers at the 
companies. In selecting measures to be used we used the following criteria: 

1. They be possible to influence at site 
2. They should be considered relevant 
3. They should be understandable and accepted 

4. The time and money spent on the measurements should be reasonable 

The key ratios which we ended up with after this selection were: 

• actual time used compared to the time schedule 
• actual costs divided by budgeted costs 
• consumption of material divided by theoretical quantifies 
• hours used divided by expected hours according to the reference "Tidlista Bygg" 
• hours used divided by hours budgeted 
• hours worked divided by total hours possible to work 
• physical units produced divided by hours used 
• physical units produced divided by machine rental costs 
• quality costs divided by total costs 
• capital cost for materials in stock 
• rental cost for unused machines divided by total machine rental cost 
• value added divided by hours used 

Disruptions as a measure was not included. The reason was that so many disruptions 
are not possible to influence by the site personnel. The cost of subcontractors normally 
amount to more than a third of the total costs but could only be influenced to a very 

103 



limited extent by the behaviour of the company people on site. The use of 
subcontractors were therefore not measured in any way, although this is important. 
Total manvrfacturing time was not considered since we were not going to be at the sites 
that long. The manufactoing times for variuos part would, however, be measured by 
comparing actual time with scheduled time which we decided to do. Measuring sick 
leave was considered to be less mteresring than measuring total absence, which is more 
important for the performance of the site. Capital cost per unit was not possible to 
measure but capital cost was partly measured as cost of material stocks and machines. 
The number of errors was judged less relevant than the quality cost since the number 
of errors does not say anything about the hours or costs needed to adjust the errors. 

4.3 RESULTS 

4.3.1 Labour productivity 

Labour productivity was measured on four of the sites. The measures used were value 
added per hour and physical units per hour. At three of the sites (2, 3 and 5) value 
added per hour was calculated. The problem in calculating value added for 
construction projects lies in the definition where: 

value added = invoicing - (costs of material and subcontractors) ( 21) 

In a case where the contractor has a price per unit, as was the case at site 5, there is a 
direct connection between what has been produced and the invoicing. Revenues could 
then be calculated on a day-by-day basis by knowing the number of physical units 
produced. In the other two cases (site 2 and 3), where there was a lump sum for the 
total project, the connection is no longer as clear. Invoicing of these projects was done 
once a month and the basis for it was a schedule of payment that had been agreed upon 
by both parties when signing the contract. At such occasions, the contractor normally 
tries to receive as much money as possible at the beginning of the project in order to 
have a positive cash flow. To obtain a more realistic connection between what had 
actually been produced and the invoicing of the projects, a fictitious value which was 
called "worked up revenues"28 was used. It was calculated as: 

expected revenues 
Worked up revenues= x (costs arised-material stock value) (22) 

expected costs 

Costs arised were calculated as invoices received plus known costs where no invoice 
had yet arrived. 

For site 5, revenues could easily be calculated knowing the number of square metres 
produced each day. For one of the asphalt groups studied, some of the results are 
shown in the table below. 

2 8 This way of calculating revenues was used by NCC in connection with financial data for annual 
reports 
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Table 14. Labour productivity for one asphalt group working on the European 
highway, E4 

Value added 
Date per 

(1994) hour (SEK/h) 
20/7 537 
21/7 717 
22/7 309 
25/7 374 
26/7 337 
27/7 246 
28/7 396 

Al l these measurements were made on the same labour force and they were all the time 
making the same kind of product. The difference between the lowest value of 246 
SEK/h and the highest of 717 SEK/h is very high. This can, apart from differences in 
actual performance, be explained by the fact that asphalt paving is very sensitive to 
disturbances. I f there is rain or breakdowns on the equipment it will show in the 
figures. On the 27/7 when we only had a value added/hour of 246 SEK/h there was a 
breakdown in the asphalt plant which took four hours to repair. This naturally 
hampered production. 

At the other two projects where labour productivity was measured (site 2 and 3) 
measurements were made considerably less frequently. The measurements are 
therefore mean values over different periods. The reason for the extreme length of the 
last period at site 2 was that the person who helped in collecting data for the 
measurements had to leave the site for a longer period. Therefore a long time passed 
before he could help with the figures for the last measurement. 

Table 15. Labour productivity for the building works at the hospital at Bollnäs. 

Period Value added per 
from to hour (SEK/h) 
start - 18/2 1994 366 

19/2 1994 - 11/3 1994 504 
12/3 1994 - 15/4 1994 457 
16/4 1994 - 10/6 1994 275 
11/6 1994- 23/12 1994 319 

Since the value added per hour in this case represents mean values for the various 
periods the differences between the individual values are smaller than in the previous 
case. However, there are still substantial differences. Some of these differences can be 
explained by the fact that during the period February 1994 to April 1994 erection of 
precast concrete took place. This meant that during this time site turnover was very 
high at the same time as the number of working hours was relatively small. The way 
value added was calculated, large costs for materials and subcontractors during a 
period resulted in a high value added. During the period April to June there was much 
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work done on interior walls made of gypsum wallboards which meant that material 
costs were relatively small at the same time as many working hours were used. 

For the plumbing and heating installations at the block of flats in Umeå (site 3) the 
differences between the highest and the lowest values are even larger than for the 
asphalt paving although the measurements in this case, just as at the hospital in 
Bollnäs, comprise mean values. 

Table 16. Labour productivity for the plumbing and heating installations at the 
Trumpeten. 

Period Value added per 
1994/1995 hour (SEK/h) 
November 169 
December 209 
January 125 
February 81 
March 397 
April 948 
May 221 
June 297 
July 576 
August 162 

As in the previous case the periods with the highest value added per hour are periods 
when much expensive material was installed using relatively few hours. For the 
months January and February when we had our two lowest values the working 
situation was very difficult for the company. They had to have a worker on site all the 
time mainly working with grouting wells and pipes. While this was taking place, very 
inexpensive material was built in and many hours was used due to there being much 
idle time waiting for the main contractor. 

There were two sites (5 and 8) where output was measured in terms of physical units. 
For the asphalt paving works the result is in principal the same as using value added 
since value added was calculated on the basis of physical units produced. 
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Table 17. Labour productivity for one asphalt group working on a road within the 
Umeå municipality. 

Date 
(1994) 

Square metres of 
asphalt per hour 

(m2/h) 
8/8 160.7 
9/8 248.7 
10/8 274.7 
l i /8 301.1 
12/8 316.0 
15/8 342.4 
16/8 310.8 

It may be worth noting that on the 8/8 when labour productivity was only 160.7 m 2 

there was a flat tire on the asphalt paver which took 2.5 hours to repair. On all the 
other days the production continued without major interruptions and the differences 
can be related to site performance. 

On the other site (no. 8) where physical units were used, the product, which in this 
case was a bridge, was divided into four sub-products: foundations under water, 
abutments, bridge piers and bridge deck. Unfortunately the assistant on site was not 
there long enough to measure anything on the bridge deck but measurements were 
made regarding the other outputs. The sub structure of the bridge contained four 
foundations under water, which were measured as square metres of foundation area, 
and four piers which were measured as cubic metres of volume. There was also two 
abutments on each bank and they were also measured as cubic metres of volume. In 
the table below only the hours of the workers are included. 

Table 18. Labour productivity at the site of the bridge, at Svartbyn. 

Number Units/ hour 
Part Size of hours 

Abutment 6 80.5 m 3 547.5 0.147 m 3 

Abutment 1 80.5 m 3 671.0 0.120 m 3 

Foundation 2 50 m 2 334.0 0.150 m 2 

Foundation 4 79 m 2 541.0 0.146 m 2 

Foundation 5 65 m 2 334.9 0.194 m 2 

Foundation 3 79 m 2 323.4 0.244 m 2 

Pier 2 70 m 3 468.5 0.149 m 3 

Pier 4 111m 3 322.5 0.344 m 3 

Pier 5 111 m 3 229.0 0.485 m 3 

Pier 3 111m 3 250.0 0.444 m 3 

The substructure of the bridge consisted of six parts, numbered one to six. Number one 
and six were set on the banks and number two till five were set on the bottom of the 
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river. The order in which the different parts of the bridge are listed in the table is the 
same order in which they were constructed. Working hours used to prefabricate such 
things as formwork has been allocated to all the parts where it was used. 

For both the foundations and the piers, labour productivity has increased during the 
construction phase which can be explained by the learning curve. The weather 
conditions were very good during the entire period studied but a possible effect from 
higher temperatures going from winter to late spring cannot be excluded. 

4.3.2 Machine productivity 

At site 8 the three sub-products studied were foundations under water, abutments and 
bridge piers, and their physical measures square metres of foundation area and cubic 
metres of volume. These were used to measure labour productivity (see 4.3.1) but also 
to measure machine (equipment) productivity. This was done by each day momtormg 
what machines were used on each part of the substructure of the bridge. Due to a late 
start in measuring on this project the machine input for the abutments was not 
included. 

Since on a construction site there is a large number of different machines of different 
size and rental cost, it is impossible to use any other measure for input than SEK. The 
rental cost for all machines that had been used at the different parts were therefore 
calculated. For machines that were not directly used at the part that was constructed, 
such as reinforcement steel cutter, circular saw etc., the costs were divided among the 
different parts by using different key factors. Examples of such keys are hours worked, 
total days of construction, tons of reinforcement steel used and number of parts 
manufactured. 

The results of our measurements show substantial differences in machine productivity. 
In order to make the figures easier to read and understand the value of the machine 
productivity has been inverted. 

Table 19. Machine costs per physical unit of the foundations and the piers at the 
bridge, Svartbyn. 

Machine cost/ 
Part physical unit 
Foundation 2 615 SEK/m2 

Foundation 4 502 SEK/ rn2 

Foundation 5 326 SEK/ m.2 
Foundation 3 221 SEK/m2 

Pier 2 294 SEK/m3 

Pier 4 156 SEK/m3 

Pier 5 144 SEK/m3 

Pier 3 152 SEK/m3 
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The order in which the different parts of the bridge are listed in the table is the same 
order in which they were constructed. Just as was the case for labour productivity (see 
4.3.1) there is an increase in productivity during the time of construction. The increase 
in labour productivity can therefore not be explained by a replacement of labour by 
machines. Instead it was, in princip, exactly the same machines that were used the 
whole time. This decrease in machine costs per unit can instead be explained by the 
strong connection that exists in construction between the number of labour hours used 
and machine costs. I f the number of hours for the workers is reduced a reduction will 
also occur in machine rental since the machines then can be returned earlier to the 
machine store. 

4.3.3 Machine utilisation 

The machines at a construction site would in a balance sheet represent the capital 
assets. However, normally no balance sheet is made at the site level, but only at 
company level. Normally the machines are not purchased at the site but rented. This is 
done from the machine department at the company or from an external machine rental 
company. Capital productivity cannot, therefore be measured at site level. Instead, we 
decided to measure how efficient the machines were used. This was done at one of the 
sites (the market hall) where machine utilisation was measured. This was done by 
studying how many of the machines were not used and the cost of those in relation to 
the total machine rental. I f a large proportion of the machines was not used this would 
be an unnecessary cost and would thereby reduce capital productivity. On the other 
hand, i f there were a too few machines it could cause low labour productivity since the 
workers then could be forced to wait for machines or work less efficient. 

At the sites studied we decided that machines that had not been used at all for the last 
week would be considered as idle. The rental cost of these machines was then divided 
by the total rental cost for all the machines. Measurements was made at six occasions, 
each one comprising one week. 

Table 20. Machine utilisation at the market hall, Luleå. 

Date of mea Rental costs for idle 
surement machines/ total machine 

rental 
2/6 1994 51 percent 
30/6 1994 78 percent 
10/7 1994 71 percent 
14/8 1994 56 percent 
28/8 1994 69 percent 
11/9 1994 61 percent 

Many of the machines (> 50 percent) were not used at all during a measurement period 
of one week. This can be partly explained by the fact that the company had their 
machine supply in Piteå, which is about 60 kilometres south of the site at Luleå. Some 
of the machines therefore had to be back up machines since the contractor did not want 
to risk serious disturbances caused by machinery breakdowns. However, machines that 
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the site manager knew would be used later were in many cases kept at the site 
mcurring large costs. 

The potential savings from remrriing the machines must, however, also be compared to 
the cost of transporting the machines to the supply location and later back to the site. 

4.3.4 Materials in stock 

Raw materials and semi-manufactured products represent one of the largest costs in 
construction. For the projects studied in chapter 2 the average cost of material amounts 
to approximately one third of the total costs.29 

Staff Workers 

Figure 19. Cost distribution for the building and civil engineering projects studied in 
chapter 2 

Since material represents such large costs it is necessary to optimise the usage of it. 
This can be done in a way where the spoilage is as small as possible but also in a way 
where as little material as possible is stored at the site. That way the risk of thefts and 
damage from bad weather and unnecessary transportation is reduced. A reduction of 
capital costs for large stocks is also achieved. 

At one of the sites (no. 7) we measured the materials in stock. This was done by 
calculating a value of the materials in stock every other week. By assuming that this 
value could be used as a mean value of a period starting one week before the point of 
time for the stock inventory and ending one week after, a capital cost was calculated 
as: 

Capital cost for materials = materials stock value x Txl (23) 

where 

T is the length of the time period in years (in our case 2 weeks/52) and 
lis the yearly interest used (in our case 12 percent which was based on the present 
interest rate of short term credits). 

2 9 These figures also includes some projects which were not, due to lack of competit ion, included in 
the DEA. 
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Table 21. Capital cost for materials in stock at the school, Luleå from 2/9 1994 to 4/2 
1995 

Inventory date Stock value Capital 
1994/1995 (SEK) cost  

(SEK) 
2/9 219 684 1 014 
16/9 161 212 744 
30/9 182 271 841 
14/10 446 256 2 060 
28/10 396 647 1 831 
11/11 391 752 1 808 
25/11 353 138 1 630 
9/12 241 873 1 116 
23/12 160 216 739 
6/1 99 955 461 
20/1 33 847 156 
4/2 20 055 93 

Even i f the Capital cost for the raw materials and the semi-manufactured products in 
stock during this period of time does not amount to more than 12 493 SEK totally the 
measurements contains information of how much material had been stored on the site. 
The more materials in stock, the higher is the risk of theft or damage. 

4.3.5 Material usage 

The easiest way of measuring material usage is to measure how much of a certain 
material has been used in relation to the amount paid for by the client. Material used 
can be calculated from drawings or descriptions. The formula used to calculate this is: 

> , . • i • quantity used 
Matenal consumption = -: :—; :— (24 ) 

theoretical quantity 

Since the quantity used in no case should be lower than the theoretical quantity the 
value of the material consumption is in the normal case larger or equal to one. 

The material consumption cannot, however, be measured accurately for all materials. 
With respect to materials such as wood used for formwork, there are no drawings 
giving the theoretical quantity. On other materials such as reinforcing bars which are 
drawn on the drawings, it is necessary to take into account length of splices when 
calculating the theoretical quantities. The materials where material consumption has 
been measured are: 

• Concrete site 1 and 6 
• Reinforcing bar site 6 
• Asphalt site 8 
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For site 1 the consumption of concrete was measured at regular intervals during the 
entire construction phase. 

Table 22. Weekly measurements of concrete consumption at the bridge, Böle. 

Week Concrete Quantity Theoretical Purchased/ 
1993/ compressive purchased quantity theoretical 
1994 strength (MPa) (m3) (m3) quantity 

47 C35UW 24.0 24.3 0.99 
48 C35UW 1.5 0.3 5.00 
49 C35UW 0.9 0.1 9.00 
50 C35UW 41.5 27.0 1.54 
51 C40 45.5 40.32 1.13 

1 C40 45.5 45.36 1.00 
4 C40 89.5 89.71 1.00 
7 C35UW 61.5 62.61 0.98 
8 C35UW 47.5 35.78 1.33 
8 C40 53.5 51.52 1.04 
9 C35UW 47.5 35.78 1.33 

10 C40 112.5 111.17 1.01 
11 C40 109.25 107.52 1.02 
12 C40 56.0 56.0 1.00 
23 C40 37.5 35.0 1.07 
24 C40 202.0 200.17 1.01 
26 C40 249.5 249.5 1.00 
31 C40 8.0 8.0 1.00 
33 C40 7.5 7.5 1.00 

Mean 1.045 

The highest consumption can be found during pouring concrete under water (quality 
marked with UW). The highest consumption, which was reached during week 49, 
occurred when a form under water collapsed causing a consumption of concrete which 
was nine times the theoretical consumption. During the last period when the bridge 
deck was poured the purchased quantity is almost equal to the theoretical quantity and 
for the completed bridge the spoilage of concrete is 4.5 percent, or in physical 
quantities 53 m 3 . 

At the asphalt paving works in Västerbotten (site 8) the consumption of asphalt was 
measured on a daily basis. An extract from these measurements can be seen in the 
table below. 
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Table 23. Asphalt consumption for asphalt works on the European highway, E4 

Average Kg asphalt per m 2 Quantity laid/ 
Date quantity laid ordered by the quantity 
1994 (kg/m2) client ordered 

11/7 122.11 110 1.11 
12/7 113.27 110 1.03 
13/7 105.63 110 0.96 
14/7 109.96 110 1.00 
15/7 110.01 110 1.00 
18/7 110.05 110 1.00 
19/7 110.00 110 1.00 
20/7 111.75 110 1.02 

Average 110.99 n o 1.01 

The actual quantity of laid asphalt is very close to the quantity ordered, and paid for, 
by the client. The excess consumption on the 11/7 cannot be explained by anything 
else than unevenness in the base course on which the asphalt was laid. Asphalting with 
a lower quantity than that ordered by the client as on the 13/7 will, i f it is considered 
as a large divergence, cost the company substantial amounts in reduction of their 
remuneration, or in very serious cases, lead to the company being forced to lay another 
layer of asphalt on top. 

At site 6 the material consumption of concrete, reinforcing bar and insulation was 
measured. Concrete consumption was measured in two ways: 

1. Purchased volume divided by theoretical volume measured from drawings or in the 
forms. 

2. Total cost of purchased volume divided by the net cost for the prescribed quality 
delivered to the site. 

The reason for measuring in these two ways was that concrete is a material where the 
prescribed quality is often changed by the site management to a higher quality or to a 
concrete with different additives to make it more easy to work with. On some 
occasions the concrete trucks emptied their load directly into the skip instead of into 
the receiving hopper, which made the unloading time longer than the 15 minutes 
included in the basic price. The total cost for the concrete is therefore higher than what 
can be accounted for by spoilage alone. 

The measurement was also made for different parts of the building to see i f there were 
major differences depending on where the concrete had been poured. 
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Figure 20. Concrete consumption measured for different parts of the adventure baths 
in Boden. 

There were differences in consumption of concrete depending on where it had been 
used. The highest consumption was achieved when pouring for the foundation of the 
crane where 16.5 m 3 was used instead of the theoretical quantity which was 14.7 m 3 . 
The cause of this high spoilage was probably unevenness in the ground and the fact 
that at this stage of the work there were no foundations where the concrete left over 
could have been poured. 

For both the foundations and the basement slabs the consumption was higher than for 
the other parts of the building. This can be explained by difficulties in keeping an 
exact level on the ground on which the ground insulation was placed before 
concreting. 

The total consumption of concrete during our six months study was 2413.4 m 3 which 
was 82.5 m 3 more than the theoretical net quantities. This was equal to an average 
spoilage of 3.5 percent. However, i f we also take into account the fact that they 
sometimes used concrete of higher quality or with additives, the cost of the purchased 
concrete lies 8.3 percent over the net cost of the prescribed qualities. There are, 
however, also savings that have been made both in total concrete cost but also in wage 
costs due to this. The additives in the concrete has hopefully reduced the number of 
working hours required to work the concrete and by using one load of five cubic 
metres C30 instead of two different loads containing three cubic metres C30 and two 
cubic metres C25 the savings in transportation costs exceeds the additional cost for 
using C30 in the C25 concreting. 

The consumption of reinforcing bar was measured at the 11/1 1995 which was at the 
end of the period studied. The amount consumed from the beginning of construction 
works up to that date was 213 228 kg. The theoretical amounts calculated from the 
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o^awings and including lengths of splice was 176 987 kg. This gave us a spoilage of 
20.5 percent. The long and heavy bars were cut on the site which, together with the 
lengths of splice, naturally caused a certain spoilage while the stirrups, which were 
purchased prefabricated, probably only accounted for a small part. The welded mesh 
reinforcements are always partially laid over each other causing a certain spoilage. 

Our measurements of insulation consumption were both made on different parts of the 
building as was the case for the concrete but also for the different types of insulation. 
In both cases there were substantial differences. 

For the insulation RW 3893 0 with a thickness of 50 mm we measured a spoilage of 
66.5 percent on the foundations and 14.3 percent on the basement slabs while it was 
around 8 percent for the walls and for the floor structures. The reason for this large 
spoilage on the ground constructions was due to the cold time of the year. Since on 
many occasions it was too cold to concrete without taking measures such as heating or 
insulating the concrete, a lot of insulation, especially for the foundations, was used for 
this purpose. An example of this was that insulation was only drawn under the 
foundations but was in fact also used to cover the sides to protect the concrete from 
freezing after concreting. Calculations were made in the estimate regarding winter 
costs, but for the foundations this particular solution was not foreseen. 

Additional insulation 

Figure 21. Principal section through a foundation at site 6. 

The consumption of insulation divided into different types showed that although the 50 
mm RW 389, which had been used a lot in the ground constructions, had a spoilage of 
more than 22 percent it was not the highest value we measured. The highest value was 
instead found on the insulation Ecoprim 50 mm 3 1 . 

R W stands for the manufacturer Rockwool and 389 is a ground insulation made of mineral wool. 
Ecoprim is a foam insulation manufactured by Rockwool. 
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Table 24. Material consumption for different types of insulation 

Type of insulation 
Theoretical 

quantity (m 2) 
Used quan

tity (m 2) 
Used qty./ 
theor. qty. 

RW 3891= 50 mm 3171.8 3872.2 1.22 
RW 3891= 80 mm 152.2 162.0 1.06 
Ecoprim t= 50 mm 340.4 469.5 1.38 
Ecoprim t= 60 mm 88.8 55.5 0.63 
Ecoprim t= 100 mm 1245.3 1263.9 1.02 

The reason for the high quantities of the 50 mm Ecoprim used and the small quantities 
of the 60 mm board used was that the 60 mm in many cases was replaced by the 50 
mm board. There was also a replacement of the 100 mm board with two 50 mm 
boards. By calculating the quantities in m 3 it is possible to add the different 
thicknesses and the total quantity used is then 153.2 m 3 which can be compared to the 
theoretical net quantity of 146.9 m 3 . That recalculation gives a total spoilage for the 
Ecoprim insulation of 4.3 percent. 

4.3.6 Quality 

At the bridge at Böle (site 1) quality was measured during the time of construction. For 
errors reported by the workers or discovered by the staff, and where action was taken, 
costs were carefully monitored. Cost that were included were materials, labour, 
machine rental, staff and subcontractors. No action was taken when there were 
deviations from drawings or descriptions that were considered to be unimportant and 
these are therefore not included in the calculations. The measure we used to monitor 
quality was the cost of adjusting errors divided by total costs. 

Table 25. Quality costs for different periods at site 1 

Period Quality Total cost Quality cost/ 
cost (SEK) (SEK) total cost 

Start - 26/1 36 940 2 008 714 1.8% 
27/1 - 14/3 17 381 2 307 582 0.8% 
15/3 - 22/4 13 175 4 835 079 0.3% 
23/4 - 17/5 0 303 508 0.0% 
18/5 - 1/7 6 623 2 038 635 0.3% 

Many of the errors occurred during the foundation work in the river. These errors were 
very costly. During the later phases the errors were fewer and less costly to repair. 

4.3.7 Actual versus budget 

Actual versus budget is probably the most common way of measuring site performance 
(see chapter 3). At the sites where we made our measurements we made studies of: 

• Actual hours versus budgeted hours which was measured at sites 1, 4, 6, 7 and 8. 
• Actual machine costs versus budgeted which was measured at site 6. 
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At site 7 a simple comparison between the estimated hours and the actual hours used, 
including the hours for the staff, was made. Our measurements, which were made over 
a period starting with week 35, 1994 and ending in week 04, 1995, were based on the 
estimate made in connection with the tender since there was no other budget made for 
the work. The result is shown in the table below. 

Table 26. Used and estimated hours for week 435 to 504 at the school, Luleå. 

Weeks Hours Hours in Actual/ 
1994/1995 used estimate estimated 

35-36 691 764 0.90 
37-38 640 681 0.94 
39-40 738 921 0.80 
41-42 737 903 0.82 
43-44 512 619 0.83 
45-46 530 542 0.98 
47-48 658 664 0.99 
49-50 682 716 0.95 
51-52 421 370 1.14 
01-02 505 492 1.03 
03-04 498 470 1.06 

The differences between the different periods are relatively small and the actual hours 
used corresponds quite well with the hours in the estimate. Since the most of the new 
construction was completed before the coldest period and since much work was done 
in existing buildings, the sensitivity to bad weather conditions was low. There was, 
however, at the end of the period studied, some disruption due to changed orders from 
the client regarding some interior work. 

The measurements at site 8 were a comparison between actual hours for the workers 
and the hours agreed upon in the piecework negotiations between the trade union and 
the company, NCC. These hours were also the basis for the labour costs in the budget 
made by the site manager. 

Our measurements were, however, made for each different type of work at the 
different substructures and not only every 12th week as is normal with piece bonus 
wages (see 3.7.3). It was thus possible for us to see clear differences over time but also 
between the individual types of work. The parts of the substructure which we have 
included in our measurements are 1, 2, 4, 5 and 3. This is also the order in which they 
were produced. The reason for not including number 6 was that it was almost 
completed when we started to measure and it was therefore impossible to separate the 
hours used on the activities that we wanted to measure. The activities we measured at 
substructure 1, which is an abutment, were formwork, reinforcement and concreting of 
the frontwall; and then the same activities for the wingwalls. For the remaining parts, 
which were the piers including foundations under water, we measured formwork, 
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reinforcement and concreting under water followed by formwork, reinforcement and 
concreting of the piers. The result of these measurements is shown in the figure below. 

3,00 

0,00 -I I I | | 1 1 1 I 
0 5 10 15 20 25 30 35 

Activity number 

Figure 22. Time used/piecework time for 36 activities on substructures 1,2, 4, 5 and 3. 

The first results obtained from our measurements fluctuate a lot but later on as the 
different activities was repeated the hours used stabilised on a level that was only 
around half the hours agreed upon in the piecework negotiations. Since the weather 
conditions were in fact better during the first activities, where much time was used, 
than for the activities in the middle offne figure, where less hours were used, the main 
explanation for the reduction of the hours used probably lies in the repetition of the 
activities. 

On site 6 the start of piecework negotiations took a very long time since a lot of 
drawings were not yet completed at the early phase of construction. This is not unusual 
for buildings with a design and build contract and since this was a very complicated 
type of building the time before completing the design was long. We therefore decided 
to use "Tidlista Bygg" (Byggförbundet & Svenska Byggnadsarbetareförbundet, 1988), 
which is a booklet containing times for all the common activities at a building site, as 
the reference against which we were going to compare the actual hours used for the 
workers. 

By using Tidlista Bygg as our reference we were able to start the measurements early 
which was necessary since we were only going to be on site for a limited time. The 
result of our measurements shows, in contrast to our measurements at site 8, that the 
ratio between hours used and hours calculated from Tidlista Bygg rises steadely. Our 
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expectations had been that the time needed to complete certain activities would 
decrease. 

Figure 23. Hours used divided by hours calculatedfrom Tidlista Bygg at the adventure 
baths during week 434 to 503. 

One great difference compared with site 8 is that on this site there were few activities 
that were repeated. While we were on site the architectural shape of the building did 
only allow repetitions of the foundations and the basement slabs. 

The change in the weather from the favourable conditions in August, when we started 
to measure, to the unfavourable conditions that existed in January when we left the site 
has, of course, also affected the results. 

At site 1 and 4 we wanted to show the results in some way to the people on site. The 
actual hours versus the budgeted hours were therefore converted into a "speed of 
production" (see 3.6.6) in m 2 of bridge or m 3 of building volume per hour by using the 
formula: 

7 3 
, „ , budgeted hours total number of m o r m 

Speed of production = — x — :—:—; (25 ) 
actual hours total hours in budget 

The reason for doing this was that we wanted to present the results continuously to the 
workers and the staff to see their reaction and to discuss the results. On both these sites 
we therefore presented new results when they occurred. At the bridge in Böle there 
was no budget other than the estimate made for the tender. The estimate comprised 
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8 396 hours including both workers and staff. The total bridge deck area was 1680 
square metres which gave us an average production of 1680/8396=0.20 m 2/h. The 
results of the measurements are shown below. 

Table 27. Speed of production measured as m2 bridge per hour (bridge Bole) 

Period Hours in Hours Speed of 
1993/1994 estimate used production 

(m2/h) 
Start - 26/1 861.55 1996.00 0.086 
27/1 - 18/2 505.85 820.00 0.123 

19/2 - 9/3 529.42 521.00 0.203 
10/3 - 27/3 653.76 566.50 0.231 
28/3 - 22/4 1073.71 982.00 0.219 
23/4 - 9/5 410.49 583.00 0.141 

10/5 - 17/5 642.51 296.50 0.434 
18/5 - 17/6 930.27 1173.50 0.159 
18/6 - 1/7 619.56 542.00 0.229 
2/7 - 23/8 1609.35 1358.00 0.237 

The average production achieved while we were measuring was 0.177 m 2/h. There 
were, however, large deviations. The very low speed of production achieved during the 
first period was due to the fact that many hours during this period was spent on 
pumping water on the ice and reinforcing it to make it possible for the pile-driver to 
drive out on the ice 3 2. This work, which in reality took 287 hours to perform, was, 
however, not included in the estimate. 

January and February were also very cold, with temperatures down to -30° C. During 
the first two measuring periods a total of 390 hours was spent on the site waiting for 
the temperature to rise during the day so that work could be performed. The type of 
work that could then be performed was limited in nature. Concreting, for instance, was 
impossible. 

The reaction from the workers when the first results were presented was negative. 
They were of the opinion that they had been working well and could not understand at 
all that the actual production achieved was not even half of what was expected in the 
estimate. We explained that this was mainly a result of the work with the ice which 
was not included in the estimate and the extreme cold that had created a lot of waiting 
time. Even though they understood that this had affected the results they were very 
annoyed that the work on making ice was not included in the estimate. 

During later presentations they were more pleased since they could see that the speed 
of production gradually increased to a peak in May. During this period the formwork 

3 2 To be able to work from the ice a thickness of roughly one metre of reinforced ice is needed. Since 
this is achieved by pumping water onto the ice which is then frozen in layers, it takes t ime to achieve 
the required thickness. 
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and the reinforcement of the bridge deck was caried out and the work was done in less 
than half the time of the estimate. 

Even though the workers were not on piecework, and therefore did not have any 
financial interest in the measurements, they were in the end satisfied and found it 
mteresting to be able to see the results of what they had achieved. Whenever we 
showed the results, there was also a discussion about work that had gone smoothly and 
work that had not gone smoothly during the period in question. 

At site 4, where the actual hours versus the budgeted hours was converted into cubic 
metres of building volume per hour, the results were also shown to the workers 
regularly. At this site, however, the workers had bonus piecework wages but since we 
included the staff in the measurements we did not in any way interfere with the wage 
system. The results of our measurements are shown in the table below. 

Table 28. Speed ofproduction measured as m 3 of building per hour (market hall, 
Luleå) 

Period Hours in Hours Speed of 
1994 estimate used production 

(m3/h) 
25/5 - 17/6 423.9 562 0.447 
18/6 - 23/6 134.9 152 0.526 
24/6 - 1/7 267.2 200 0.792 
2/7- 11/7 241.6 156 0.918 
12/7 - 5/8 102.5 136 0.446 
6/8 - 12/8 196.7 232 0.502 
13/8 - 19/8 306.0 240 0.755 
20/8 - 26/8 185.9 160 0.688 
27/8 - 2/9 143.2 148 0.573 
3/9 - 9/9 130.7 299 0.259 
9/9 - 19/9 130.9 339 0.229 

In the estimate there was a total of 2263.3 hours including both workers and staff. 
With a total building volume of 1 341 m 3 this gave a required speed of production of 
0.592 m 3/h to stay within the estimated hours. In this estimate there was also much 
work that was "forgotten". In this case there were another 227 hours of work which 
had to be paid to the workers. In this case these hours were, in contrast to those in the 
previous project, more evenly spread over the total time. 

The dramatic improvement the second to the third and fourth period could, according 
to the site manager, be explained by the fact that the negotiations over the price for the 
bonus piecework were completed during the second period. The completion of these 
negotiations had a very positive effect on the motivation offne two workers that were 
on site. The substantial reduction in the speed of production after the 11/7 can to a 
great extent be explained by the fact that the work force was doubled with two workers 
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that came from the employment office. These workers were not as skilled and 
motivated as the other two who were permanently employed by the company. 

At this site our account of the results also met with interest from the workers. Nor did 
we experience any conflict with the bonus piece work-wage system since we had 
included the staff in our figures. 

Actual machine costs versus estimated machine costs was measured at site 6. The 
reason for not measuring actual machine costs versus budgeted machine costs was that 
the budget, which the site manager was working on, took a long time to finalise. To be 
able to perform the measurements during the time we were on site we therefore used 
the estimates. 

As can be seen in the table below which shows the estimated and the actual machine 
costs, it was planned in the estimate to work during July 3 3. The estimated costs for that 
month was therefore more than 37 times the actual costs. 

Table 29. Estimated and actual costs for machines at the adventure baths, Boden, from 
June to December 1994. 

Estimated Actual costs Estimated/ 
Period costs (SEK) (SEK) actual costs 

June 17 530 5 463 3.21 
July 9 710 257 37.78 
August 89 146 49 784 1.79 
September 124 938 137 734 0.91 
October 126 584 96 029 1.32 
November 155 710 145 824 1.07 
December 178 377 136 788 1.30 

The delayed start also influenced the results for the other months where the actual 
costs, with one exception, are substantially lower than the estimated costs. The effect 
of using fewer or cheaper machines is therefore difficult to see without also 
considering the time used compared to the original time schedule. 

4.3.8 Time compared to scheduled time 

The total time of construction is of the utmost importance. The reason is that many 
costs are to a great extent determined by the time of construction. Examples of such 
costs are wages for staff and for machine rentals. A reduction in the time of 
construction is in most cases also advantageous to the client since it will reduce his 
building credit costs and increase his income. The high interest rates that have for a 
long time existed in Sweden have brought time even more into focus. In fact it is now 
(1995) considered so important that the largest company in Sweden has begun to use 
the construction time as one of the most important measures of performance. By 

In Sweden, construction sites are normally closed for four weeks in July for holidays. 
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reducing time expectations are that the costs on site will be reduced and the customer 
will be more satisfied (see 3.6.1). 

Since the manufacturing time in construction in most cases is very long, time schedules 
are important to control site performance during the production phase. Time schedules 
are used on almost every construction site. The actual time compared to the time 
schedule is therefore an important measure. Trying to measure the actual time against 
the scheduled time is, however, not easy. Today the main technique is to draw a 
vertical line from the date in question through each activity and for each activity to try 
to estimate how much before, or after, the time schedule you are. The sum of these is 
then mostly estimated in one's head as a total time compared to the scheduled time. 
Even i f this in most cases is accurate enough, the result is to a great extent dependent 
on the experience of the site manager or the person handling the planning. 

For our measurements, we wanted to improve this and we therefore decided to try and 
measure actual time compared to the scheduled time on sites 6, 7 and 8. We wanted to 
use the budgets, or the estimates, together with the time schedules from the sites to 
calculate how many "man-days" before or after the time schedule they were. In doing 
this we started to transform data from the budgets and estimates together with the 
information from the time table into large spread sheets. The main difficulty in doing 
this was that the time schedules were so coarse that it was sometimes impossible to 
transfer the hours from the budgets (or estimates) to the activities on the time schedule. 
However, after much work we finally managed to create time schedules containing 
more than a few lines. Instead, we made revised plans with more activities including 
the number of hours estimated for each day for each activity. 

On a day-to-day basis we then began to calculate the time compared to the scheduled 
time. In doing this we encountered a number of factors which made an interpretation 
of the results very difficult. The factors were: 

• At two of the sites (6 and 7) we only had the estimates which were not accurate 
enough since there had been revisions both to the extent of work but also to the 
order in which the work was performed. 

• The use of subcontractors and their vital importance to other work. The 
subcontractors were in many cases just drawn as one long line with only a start and 
finishing date. There was also no information available regarding the number of 
workers or hours to be used by the subcontractors. 

• Many activities were not 100 percent completed but only 90 or 95 percent 
completed. The remaining work was often postponed to a much later date, either 
because it was not important or because it could not be completed since they were 
waiting for a subcontractor or for certain materials. 

Since we had such difficulties in getting any sensible results from our measurements 
we had to abandon this measurement on all sites after a couple of months. It is possible 
that we could have been more successful i f we would have had more time and been 
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able to make our own time schedules with more details and with all the subcontractor 
activities. 

4.3.9 Attendance 

High attendance on site is important since most absence creates problems and 
additional costs. Unplanned absence such as sick leave is naturally the most difficult 
since you then have limited time to find a substitute. We did, however, decide not to 
measure sick leave alone but all absence, including the staff. This was done at the 
bridge in Svartbyn where we looked at this the other way: we measured the attendance 
in hours and divided this by the theoretical attendance which was eight hours each day 
for each person on site. 

At the site they worked four days a week instead of the normal five. However, they 
compensated for this by working very late on Mondays, Tuesdays and Wednesdays. 
This was done in order to have more time with their families since they were working 
far from home. In those four days they worked 40 hours, which is normal for a week. 
This did therefore not have any effect on our measurements other than that one day of 
absence thus corresponded to more than eight hours of work. 

0% -I i i 1 1 1 i ! j 1 ! 1 ! 1 i i 1 ! 1 i i i 1 
50 51 52 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Week number 1994/1995 

Figure 24. Attendance of all personnel at the bridge in Svartbyn during week 50, 1994 
to 20, 1995. 

As can be seen in the figure attendance during week 15 was very low. This week was 
the week of the Easter holidays and many therefore took a vacation. We did, however, 
also register such absence. During the period after this it was compensated for by 
much overtime. The average presence during the period studied was 93 percent. 
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4.4 C O N C L U S I O N S 

After measuring these different key ratios there are some conclusions that can be 
drawn. The first and maybe the most important, is that it is possible to measure key 
ratios of various kinds on various types of construction. In most cases this can also be 
done with a limited amount of work. I f such measurements are worth the work 
required is up to the individual company or site manager to decide. 

Labour productivity may be measured using both value added and physical units as 
output. For asphalt paving or similar production it is even possible to measure on a 
day-by-day basis. This makes it possible to compare current figures with previous 
ones. And i f physical units are used as output current figures could even be compared 
with other asphalt groups or with data from previous years. By also monitoring such 
factors as weather conditions, machine breakdowns and delivery disruptions it is 
possible to detect how production best can be improved. Since the collection of data 
for these measurements were carried out by the driver of the paver, the remaining work 
required (which in this case was done by the student) was limited. A lot of the data 
required were already recorded regularly so the additional work would be to shorten 
the interval and to add information regarding disruptions. By letting the driver of the 
paver (or any other worker) collect the data there could be a risk of exaggerating times 
for stoppages etc if that would affect the wages in any way. By measuring the total 
time worked including idle time, everyone has an interest in reducing disruptions to a 
minimum. The output, in this case m 2 of asphalt, was very accurately measured since it 
was the basis for payment. It should, however, be noted that for other types of 
production such as excavations it is impossible to perform the work exactly like the 
drawings. 

Measuring production where the manufacnrring time is much longer and where the 
product is not so well-defined as in the case of asphalting is more complicated. Using 
value added as output is possible by using "worked-up" revenues which also makes the 
measurements relatively easy to perform if they are done in connection with the 
normal controls of the financial status of the site. Such measurements could also be 
performed with shorter intervals such as once a month without putting in more than 
three to four hours of work on a site of average size. However, the results obtained are 
to a great extent determined by the turnover during the period and the profit margin for 
the project as a whole. The profit margin can also change during the time of 
construction. Reasons for this can be purchases of material and hiring subcontractors 
of a higher level than in the estimate, delayed deliveries and extreme weather 
conditions. The great influence of turnover and the profit margin complicates 
comparisons both between different periods, but also with other projects. By 
calculating value added in another way where estimated hours, or better, hours from 
some kind of reference, were the basis, the influence of site turnover could be reduced. 

Breaking the total product down to smaller sub-products makes it possible both to 
make comparisons in time and with other similar projects. Collecting data for the 
measurements is in such a case, however, both time-consuming and difficult when it 
comes to finding suitable sub-products. If such measurements should be used, the best 
way would probably be to use the workers in collecting data regarding the number of 
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hours worked at different parts. This could be done in the same way as for the asphalt 
paving where one of the workers recorded the hours worked for each person in the 
group. Another way would be i f each worker on his time report (written every two 
weeks in Sweden) wrote down the hours spent on each part. Time spent on other 
works not directly connected to any of the sub-products (e.g. snow clearing, material 
reception, rain protection and safety devices) would either have to be split up on the 
various sub-products, where the basis for such a split could be hours spent on each 
one, or accounted for separately. Regarding the sub-products, the choice of these has 
to be made in such a way that they are clearly definable and measurable in physical 
quantities. 

The measurement of machine productivity was very time-consuming. This need not be 
the case i f there could be a routine where the workers themselves reported what 
machines had been used and where. There are, however, many machines that are not 
used where the production ofthat specific product is taking place. Examples of such 
machines are the reinforcing steel cutter and the circular saw. The cost of such 
macliines would have to be divided amongst the various sub-products (which we also 
did in our study). The bases for such a division could be hours or material used. Idle 
machines and their costs could either be allocated to the various sub-products (which 
we did in our study) so that for instance the cost of a spare concrete vibrator was 
registered together with the vibrator used, or they could be registered separately. 

I f measurements of machine productivity were made they could be a help for the site 
manager in detecting problems in the production at an early stage. Our measurements 
also revealed that there was no inverse relationship between machine productivity and 
labour productivity. Instead, it seems as i f a reduction of the hours used is followed by 
a reduction in the machine costs. This relationship is naturally true only to a certain 
limit. I f the machines were so limited in number and size that the workers had to wait 
before being able to use a certain machine, or were forced to work with machines with 
a very low capacity it would appear as low labour productivity. The same could occur 
i f the site was using very old, and thereby cheap, machines. This would probably also 
hamper labour productivity. 

Comparisons of machine productivity with other sites would require that the same 
outputs could be used which means that bridges should not, for instance, be compared 
with dwellings. In comparing machine costs for similar products, or sub-products, 
there is, however, the problem of such costs being affected by inflation. A suitable 
index would therefore have to be used to make comparisons with older data possible. 
These kinds of measurements are probably better than measuring machine utilisation 
since the latter contains less information. It would be impossible to have a low 
machine utilisation and at the same time have low machine costs/physical unit i f all the 
machine costs were included in the calculations. 

The machine utilisation that was measured showed that many of the machines were 
unused much the time. Such measurements could at the individual site help in selecting 
which machines could be sent away and which machines that should be kept on site. 
Substantial costs could thereby be saved even i f care had to be taken in order not to 
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hamper labour productivity. Comparisons with other sites would have to be made with 
care. Such comparisons would discriminate sites situated far away from the nearest 
machine store since they are sometimes forced to keep duplicate sets of some 
machines. Small sites would also have a disadvantage since there are machines which 
it is necessary to have on site, but which are not frequently used. For instance a 
reinforcing steel cutter needed on a site with only a couple workers can also suffice for 
a site with a workforce several times larger. It is reasonable to assume that the cutter 
would be used more frequently at the latter. 

Measuring the capital cost of materials in stock was very time-consuming. However, 
these figures are needed for a proper control of the financial status on site. This is 
normally done in intervals between one and four months depending on company. So 
there is actually no additional work needed i f the intervals are made that long. The 
question is i f the capital cost of the stored material is the right measure. In order to 
make a comparison with other sites, or with older data, it would possibly be better to 
relate the value of the stored material to the total cost of material purchased. Since 
there are advantages in reducing material stock on site (Asplund & Danielsson, 1991) 
this measure could be used and comparisons could also be made. The incentive for the 
site manager to report this correctly in order to be compared with other sites is, 
however, small. 

The measurement of material consumption in both physical quantities and in SEK was 
relatively easy to perform. The quantities used are obtainable by using delivery notes 
minus possible stocks and the net quantities are mostly obtainable from the budgets. 
There is naturally always a risk that a delivery note disappears, but normally this was 
handled very well at the sites. Reception of materials made by the workers where they 
had taken the delivery note was normally reported to the staff the same day and the 
note was handed over. I f the net quantities in the budget are not accurate enough they 
are in most cases easily calculated. However, the results of the measurements were, for 
some of the materials difficult to analyse. For insulation a change from the prescribed 
material thickness to other thicknesses complicated the measurements. The result was 
that for one of the thicknesses there was a huge excess consumption while for the two 
others consumption was very low. By looking at all the different thicknesses as one 
material it was possible to obtain a result that could be evaluated. This could also have 
been done by using the net value in SEK instead offne net quantities. That way it 
would also have been possible to add the different sizes and get a joint value. 

In a case study of materials management in UK construction firms (Proverbs & 
Olomolaiye, 1995) the authors concluded that there remains a general lack of 
awareness by the contractor of the extent and cost of wastage. They also concluded 
that the actual wastage in most cases was higher than what was expected by estimators 
and site managers. This supports the importance of performing measurements of 
material consumption. 

Looking at just the physical quantities for concrete resulted in a large underestimation 
of what was actually consumed. The costs of increased quality and additives were in 
many cases larger than the costs of spoiled concrete. So measuring the actual 
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consumption using the physical quantities does not reveal the whole truth. When there 
is a possibility of changing quality, size or maybe even replacing by a semi
manufactured material the only way of obtaining meaningful results is to use monetary 
units. Such measures would, however, have to be combined with measurements of 
labour productivity since changes in quality, size or replacement by a semi
manufactured material always affect the amount of work to be done. 

For materials like asphalt, where no substitute in quality or size was made, the use of 
physical quantities worked well. Transforming the values into monetary units is of no 
value here unless there is a mixture of different types of asphalt with different prices 
and there is a desire to summate the results into one total result. 

The quality costs we measured were relatively small. Other investigations (Abdul-
Rahman, 1995 and Josephson, 1994) show that these costs can amount to a lot more. It 
is also obvious that a reduction of the errors on site would save money. There are, 
however, divergence that can be accepted and which in fact can save money on site. 
An example would be to use the side walls after excavating for a foundation as 
formwork instead of a formwork made out of wood which would secure the exact 
dimension of the foundation. Even i f this would be an "error" in the sense that the 
constructed part would differ from the drawings it would not have any importance in 
either architectural or static view. Important is instead to reduce the errors which cause 
costly repairs or corrections. Trying to measure such errors is, however, not easy since 
the workers have no interest in reporting them. Since most of them are working on a 
bonus piecework system the correction of errors due to mistakes by the workers will 
lead to a reduction in their wages: and no one has an interest in reducing his own wage 
if it can be avoided. 

At the project we studied there were also large differences depending on what kind of 
work was performed. The results must therefore be carefully analysed. In addition 
comparisons with other sites must be made carefully since it is very likely that there 
are differences between various kinds of construction. This must be resolved by the 
individual company within then normal quality programme where measurements of 
some kind should be included. In comparing results between different sites the 
incentive for the site manager to report correct figures is, however, rather small 
especially since correct measurements require a great deal of time and it can involve 
many people in correcting an error after it has been detected. 

Using actual costs or hours versus budgeted costs or hours to measure performance is a 
ratio frequently used in construction today. Our measurements show that this can be 
complicated. I f the budget is dealt with thoroughly and the figures in it are as correct 
as can be expected, the outcome of such measurements contains valuable information. 
Using only tie estimate from the tender as a reference is, however, in many cases not 
good enough. The best results are obtained i f the budget is made by the site manager 
and perhaps also with the help of some of the workers. I f budget values are used the 
measurements provide information on the performance on that particular site but to 
compare values with other sites is difficult. I f comparisons with other sites are to be 
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made the measurements should be based on some other reference than the budget, like 
in our case where "Tidlista Bygg" was used 

Our measurements of hours used compared with hours budgeted shows the great 
interest in workers having this kind of information. Even i f they were annoyed over 
some of the results caused by an estimate which did not contain all the work the total 
impression was that this is something in which they are really interested. The 
conversion of the figures which we did made it easier for the workers to understand the 
results. Using these and other measurements, could create positive discussions at the 
site where good solutions to improve productivity could be found. 

The only failure experienced during these measurements was with regard to trying to 
measure the actual time compared to the scheduled time. There is no doubt that this is 
an important measure. Looking just at the machine costs compared with the budget as 
we did at site 6 would have given us totally wrong information i f we had not taken into 
consideration the delay that existed compared to the original time schedule. It is, 
however, obvious that to be able to use the time schedule to measure the actual time 
against scheduled time much work must be done to obtain a better reference. Such a 
time schedule would have to contain all important activities and the workforce even for 
the subcontractors as well. 

The measurement of site attendance are very easily carried out and they also contain 
information that could be used both by the site manager and by the area manager as a 
comparison with other projects. A high attendance rate shows that there are few 
problems at a site such as accidents, discomfort or poor labour relations. This does of 
course not exclude the possibility of people being sick from time to time which 
naturally creates problems and also costs. That the staff and the workers are present as 
much as possible is one of the preconditions for using the machines in an optimal way 
and for being able to maintain the organisation as planned. If there are problems with 
attendance they would most likely appear later on as low performance (see 2.4.1). 
Even i f there was an interest from the site manager hiding unpleasant data, it would be 
difficult to do so since all this information is reported to the personnel department in 
order to have wages paid. 
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5 D I S C U S S I O N 

5.1 P R O D U C T I V I T Y M E A S U R E M E N T S IN C O N S T R U C T I O N 

Hard competition has forced manufacturing companies in Sweden to try have better 
products and lower cost than their competitors. Productivity measurements have been 
an important tool in this process. 

There is increased interest in measuring productivity in the Swedish construction 
industry. Systematic measurement has, however, previously not been used in the same 
way as in the manufactirring companies. This can be explained by: 

• Lack of foreign competition. The products have to be produced locally which makes 
it difficult for foreign companies to use advantages such as low cost of labour or 
energy in their home country for selling in Sweden. And even i f parts could be 
manufactured in a country with lower costs the transportation costs are often so high 
that it is economically impossible. However, there has lately been increased 
competition both within the domestic market, caused by the deep recession, and 
from foreign companies. 

• The separation of design from production in the traditional building process. Lately 
there has, however, been an increased interest in alternatives. One such alternative, 
used on a number of roads in Sweden, is the function contract. This contract gives 
the client better control over the final cost and at the same time it allows the 
contractor to influence the design to a considerable degree. Another example of a 
similar development is reported in a study from Great Britain (Construction 
Productivity Network, 1995). It concerned a chang in contract form for road 
construction from the traditional general contract to a contract on a fixed lump sum 
basis, with the contractor fully responsible for the design. This resulted in 
substantial cost savings for the client. It has also led to a number of advantages such 
as the development of construction methods, reduced confrontation on site and that 
both sides work together to engineer savings. 

• Low investments in R&D which to some extent is connected with the contract form. 
Using new and alternative forms such as the function contract makes it more 
interesting for the contractor to put more money into R&D (Grennberg, 1994 and 
Olsson, 1993). 

Measuring productivity at sites and using the results in a similar way as in the export-
oriented manufacturing industry is, however, associated with a number of difficulties 
such as: 

• Manufacturing times are often very long which makes it hard to measure output 
before the completion of the total contract. This also occurs in the manufacturing 
such products as aeroplanes, trains and large machines. 
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• The possibility of substitution of one input for another. The most frequently 
occuring case is the substitution of site labour against off-site labour. This can be 
done by purchasing semi-manufactured material (e.g. precast concrete). Another 
common way is to replace in-house labour for subcontractors. 

• The difficulties in defining output for many types of production (e.g. reconstruction, 
hospitals and other "one-of-a-kind" buildings and installations). 

None of these difficulties is, however, such that productivity measurements are 
impossible. The task lies in finding measures and methods which are applicable to 
construction. 

5.2 M E A S U R E M E N T S A N D M E A S U R E S 

5.2.1 Purpose of measurements 

Measurements of productivity at construction sites could serve two purposes: 

1. As a strategy tool for the company management. By using the results from 
comparable sites it is possible to make comparisons. Such comparisons could either 
be made by using simple key ratios or by using compounded measures such as input 
saving efficiency obtained by DEA. Such comparisons can also include other 
measures such as quality, competence level and absence, and could be used in an 
internal benchmarking programme. This method may be used to obtain valuable 
information about characteristics for the "good" and "bad" projects. Such 
information could be that factors like an integration of design and production, or 
that a large number of staff (good planning and co-ordination), are associated with 
high productivity, and that serious disruptions seem to affect site productivity 
negatively. 

2. As a help for the site manager and others on site. I f the results of the measurements 
are obtained regularly and with intervals that are not too long (e.g. one month or 
two weeks), the results of the measurements could be used to: 

• select working methods 
• choose materials and conditions of delivery 
• modify organisations 
• evaluate new machines or other new technology 
• inform and motivate employees 
• calculate bonus wages 

By comparing results obtained with older data or with those of other sites it is possible 
to set realistic goals and to improve site productivity. 

These two aims are different and therefore the measurements must be viewed 
differently, and different measures should be used. 
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5.2.2 Type of production 

The selection of measures to be used depends not only on the purpose of the 
measurement but also on the type of production. Since there are such large variations 
in the products the same measures cannot be used on all occasions. Revay (1984) said 
that in construction there is not one best way of measuring productivity. While it is 
easy for some operations it could be extremely difficult for others. 

The differences between various types of production can be illustrated schematically in 
a figure. 

Complexity 

High I 

Short Long 
Time to produce 
one measurable unit 

Figure 25. Complexity and manufacturing times for some products in construction 

By plotting a number of common products in a diagram where the time to produce one 
unit is on the x-axis, and the complexity of the product is on the y-axis one can 
identify two groups. The first one contains products of low complexity and where the 
time to produce one unit is short. In the figure these products are represented by 
asphalt and earth excavation. This group is characterised by: 

• The time to manufacture one measurable unit (m 3 excavated earth or m 2 o f paved 
asphalt) is relatively short. This means that a measure of output can be obtained 
daily. 

• The complexity of these products is low. In the case of earth excavation the product 
is actually an empty volume so it is difficult to measure the complexity. But i f the 
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earth which has been removed can be considered as the product, it contains one 
material: earth (even i f earth itself consists of a large number of different materials). 
For the paved asphalt the time to produce one square metre is longer than the time 
required to excavate one cubic metre and the paved asphalt is somewhat more 
complex than the empty volume of the excavation. But it is still easy to measure the 
output in terms of physical units and this can be done in a relatively short time. 

• Large and expensive machines are often used in production. This means that the 
costs of capital are relatively high. 

• Materials are seldom purchased as semi-manufactures and most of the work can be 
performed with in-house personnel (even i f machines such as excavators and 
graders are often rented with operators). 

For the products found in this group, which we can call "simple products", the 
measures to be used are physical quantity produced over inputs used. This results in a 
number of advantages such as: 

• The measures are understandable to those being evaluated. I f the measures used are 
difficult to understand there is always a risk that an account of the results does not 
have the desired effect on the awareness and motivation of the people on site. 

• Current data can be compared with historical data without indexing which would be 
necessary i f a monetary value of output was used. 

• The measures of output are independent of variations in prices caused by market 
situations such as geographical or historical differences in demand. 

However, since there are differences in the products due to factors such as earth 
deposit, thickness of the asphalt or suchlike, a conversion to a standard unit would 
simplify comparisons. This conversion should be made by using the increased or 
decreased amount of input required in comparison with the chosen "standard unit'' to 
recalculate the produced unit (see 3.6.4). This could, for instance, mean that i f the 
standard unit for paved asphalt was a 100 mm thick paving of a certain quality, a 
square metre of 120 mm paving of the same quality would be counted as more than 
one square metre of the standard unit. 

This way of measuring output could be used whether the measurements are used as a 
strategy tool for company management or by the people on the individual site. For the 
site management there are advantages in using a single factor productivity measure 
such as labour productivity or machinery (capital) productivity since such a measure is 
easy to understand for the people involved. There is, however, a risk in using a single 
input even i f this input is the most important one. Such an approach simplifies the 
analysis but ignores the possibility of substitution of inputs. Several single productivity 
measures should thus be measured or the inputs could be converted to one unit and be 
used in a multi factor productivity measure. The unit of the denominator would then be 
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money (SEK) which makes it necessary to recalculate older values with an index i f 
comparisons are to be made. Immonen and Rejström (1987) considered that a follow-
up of a number of different key ratios was required to see how successful a site has 
been. They suggested, however, the usage of as many as 20 to 30 different key ratios. 

Another risk in such measurements is the substitution of in-house labour and 
equipment with subcontractors. This problem was pointed out by Lowe (1987) who 
said: 

"A problem which applies particularly to contracting is that, given the extent to 
which subcontracting is employed by many construction firms, the number of 
directly employed operatives may be very small or even zero. This can produce 
average labour productivity figures which may tend towards infinity even if the 
output statistics are in value addedform. " 

This can be solved by including the cost of the subcontractors in the denominator 
together with the costs of in-house personnel and equipment, and comparisons could 
be made. I f the subcontractors are paid per hour (e.g. machines with operators such as 
excavators and trucks) this is simple since the cost can then be calculated on a day-to
day basis. However, i f the subcontractor were to receive a lump sum for his work such 
calculations could not be made daily. 

For the company management the same output and inputs as for the measurements at 
the site could be used. This implies that the same kind of production is compared. The 
best and most accurate way of measuring is to use several inputs. This could either be 
done by adding the inputs (in SEK) or by using a method such as data envelopment 
analysis, DEA, where it is possible to use the different inputs without converting them 
to the same unit. 

The second group in the figure contains products which are of high complexity and 
where the time to produce one unit is very long. In the figure the products in this group 
are illustrated by hospital and power plant (and perhaps also hotel and office). This 
group is characterised by: 

• The time required to manufacture one measurable unit which in this case is a 
hospital or a power plant, is very long. The total time of production is often counted 
in years instead of days as was the case in the previous group. This means that a 
physical measure of the total output cannot be obtained until completion of the 
product. 

• These are very complex products. A power plant or a hospital contains a large 
number of different materials, and often large installations such as machines, 
electrical and heating. Such buildings are often "one-of-a-kind" and cannot easily be 
compared with others. The other type of product that could belong to this group was 
offices and hotels which are also sometimes "one-of-a-kind", but they can also be 
more standardised and amenable to comparison with others. 
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• The machines used are often small and inexpensive (e.g. drilling machines, internal 
vibrators and power floats). An exception is during earthworks where heavy 
equipment is used. Excavation was, however, earlier defined as a "simple product". 

• Materials are often purchased as semi-manufactures and much material is stored at 
the site. 

• Much of the work is performed by subcontractors (e.g. installations, painting, 
carpets and machines) 

For the products in this group, which we can call "complex products", the measure of 
output is complicated. For the individual site it is impossible to wait until the project is 
completed to make any measurements, and even i f the company management could 
wait that long the value of such a measure of output is limited. It can hardly be 
compared with a "similar" project since there often are such large differences between 
different hospitals, power plants etc. This makes it necessary to find other ways of 
measuring output. These ways can vary depending on the purpose of the 
measurements. For the site manager and his crew there is a need to be able to measure 
at intervals not longer than one month. The two possible ways of performing 
productivity measurements in this case are: 

1. To break down the end product into sub- products which are measurable in physical 
quantities such as square metres and cubic metres (see 4.3.1 and 4.3.2). This way of 
performing measurements is discussed by Revay (1984). 

2. To measure an indicator of productivity. This could be done by measuring material 
consumption, actual hours or costs versus a reference (e.g. budget and "Tidlista 
bygg"), attendance or similar factor (see chapter 4). 

In the first alternative where the end products are broken down into sub-products, 
these sub-products must be such that they really can be measured in square metres, 
cubic metres or similar units and that these quantities really are produced within the 
time period chosen. Examples of such sub-products which could be used on a building 
are cubic metres of excavated earth, square metres of basement floor, square metres of 
concrete walls and square metres of floor structure. By using measures of output in this 
form it is possible not only to make measurements but also to make comparisons with 
other similar projects. Such comparisons could even be made between different types 
of products. As an example can be mentioned that there are no major differences 
between a concrete wall in a hotel and in an office. 

Such measures of output could then be related to different inputs such as labour and 
machines. Since production with respect to this group of complex products, in contrast 
to the "simple products", is more dependant on labour than on large and expensive 
equipment and since the number of units of many of the machines is directly related to 
the number of workers on site, labour productivity is the most important measure. 
Expenditure on wages is also greater than expenditure on equipment (see 4.3.4). 
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The second way of measuring where indicators of productivity are used demands 
caution. In measuring site productivity with the intention of using the results to affect 
the behaviour of the people on site it is important that they feel that they can influence 
the results. I f indicators are chosen in a way where this is not the case such 
measurements could have a negative effect on the motivation of the people (see 4.3.7). 
If actual hours are compared with a reference such as a budget this budget will have to 
be very accurate even in its details. Therefore it is better i f such a reference could be 
more neutral and not dependant on who made it. It should be possible to create a 
reference within a company based on data from previous projects. With such a 
reference it would also be possible to recalculate the values of actual hours versus 
reference hours to a "speed of production" (see 4.3.7) as a way of informing and 
motivating the personnel on site. 

Material consumption is in theory a good way of measuring productivity. It is logical 
that the smaller the amount of wasted material, the higher is the material productivity. 
Such measurements are, however, not without complication (see 4.3.5). There are a 
number of materials where the theoretical net quantities are difficult to determine 
exactly (e.g. reinforcing bars, formwork timber and mortar) and where an estimation of 
the net quantity therefore has to be made. This makes comparisons between sites 
difficult. Another difficulty is the possibility for substitution of materials. Materials 
can be purchased in other dimensions or qualities than those prescribed which makes 
follow-up more complicated. This could be corrected for by revising the net quantities 
on the basis of the dimensions purchased. This, however, only solves part of the 
problem. There is often a difference in price for different dimensions of the material: 
smaller dimensions often have a higher price per unit of volume. The same applies 
when there are differences in quality. A material of a high quality grade is more 
expensive than the same material with a low quality grade. However, differences in 
dimension and quality could be motivated i f the total cost for material is reduced due 
to reduced consumption, or i f there are other inputs such as labour that are reduced. 
The best way of measuring material consumption would therefore be to use the value 
in money (SEK) for the consumed quantity as well as for the theoretical net quantity. 
This would, however, require that the price for the theoretical net quantity really is 
based on prescribed dimensions and quality. Properly executed this could, however, 
lead to a joint measure for several materials. 

Total time from order to delivery is important both in manufacturing and construction. 
But while manufacturing companies use time as a measure of performance it is 
difficult for construction companies to do this. The main reason is that the 
manufacftrring times of construction projects differ so greatly. Another reason is that 
manufacturing times in construction are often much longer than in manufacturing. 
With the traditional general contract it is also very difficult to reduce the total time 
since the contractor only has an influence on the manufacturing time. I f time is to be 
used as a measure at construction sites there are better ways than measuring total time: 
Actual time compared to scheduled time should be measured. This would, however, 
require very detailed schedules where material deliveries and subcontractors were also 
measured (see 4.3.8). Considering the importance of both material deliveries and 
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subcontractors it might even be more important to measure these than to measure own 
work. 

Another indicator which could be measured is attendance (see 4.3.9). In this case it is, 
however, not that clear that high attendance is associated to high productivity. I f the 
"unproductive" person or persons were absent labour productivity could even be 
increased (see 4.3.7). Undoubtedly there are, however, advantages in having high 
attendance at site such as: 

1. The utilisation of equipment is better. Machines have to be related in size and 
number to the planned work force on site. I f there are workers absent there wil l be 
machines that are idle. The cost of the machines is, however, independent of 
whether they are used or not. 

2. Work can be performed as planned. Being forced to reorganise work each morning 
due to absence causes disturbances and reduces labour productivity. The absence of 
"key persons" such as crane operators can even stop many activities on site. 

Measures of attendance could also be used in comparisons between different sites. 

Other indicators such as machine utilisation and quality (see chapter 4) can all be 
measured. These measures are, however, both difficult to perform and to evaluate. 

Company management could theoretically wait until the completion of projects before 
performing measurements. Output could then be measured as square metres or cubic 
metres of completed building, or somesuch. Due to the complexity of these products 
and to the fact that each one is different such measures are of doubtful value. The same 
opinion has Revay (1984) who says that job conditions on such projects may be so 
variable that a comparison of results from measurements of productivity across types 
may be meaningless. 

Another way of measuring output is to use value added. By using the "worked-up" 
revenues (see 4.3.1) it would be possible to include the uncompleted projects in 
perforating measurements at least once a year. The data required is in most cases 
available through the normal cost accounting system which makes it easy to perform 
such measurements. However, using value added as a measure of output in site 
productivity also has a number of disadvantages: 

1. The outcome is dependant on the status at the commencement offne project (see 
2.3). Since the profit is included in the value added it is important for high values of 
output to have high calculated profit. Such a high profit could be the result of a 
number of factors such as limited competition, a boom in that particular region or 
successful negotiations. Low profits, or even losses, could be achieved through 
errors in calculation at the tendering stage, rapidly increasing prices for material or 
hard competition. However, i f value added is used to measure output and the results 
of the productivity measurements are to be used as a strategy tool for company 
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management, the calculated profit of the projects included would have to be 
comparable. 

2. The major importance of the performance of personnel such as purchasers who are 
sometimes not even on site. For this kind of product the proportion of material, 
serni-manufactured goods and subcontractors is high. For the offices studied in 
chapter two the proportion of the total site costs was as high as 75.5 percent34 while 
the total costs for staff and labour only comprised 21 percent. Assuming that a 
purchaser manages to purchase the material and the subcontractors at prices which 
are at an average of 15 percent below those calculated, or budgeted this would have 
a greater effect on value added than i f site personnel managed to reduce the number 
of hours, and thereby the costs, to half. An evaluation of the effects of a successful 
or unsuccessful purchase would have to be made when carrying out an analysis of 
differences between sites. 

3. The effect of differences in the proportion between own work and subcontractors. 
An increased proportion of work performed by subcontractors can produce average 
labour productivity figures which may tend towards infinity i f the in-house 
employees are reduced to zero (Lowe, 1987). 

I f value added is used as a measure of output it could be used together with several 
inputs. This could either be done by using DEA as was done with the projects in 
chapter two, or by simply sunmiating the costs of labour and machines. 

Some of the measures previously discussed as feasible for use on site could also be 
used on company level. The choice here should be based on how the site is measuring 
productivity. Eveiything which is measured on site can be reported to top management. 
By making similar measurements at the different sites, company management can 
make comparisons and carry out analyses. 

The third group, which was not actually marked as a group in the figure, contains 
products which lie between the other two in terms of complexity and time required to 
produce one measurable unit. In the figure this "medium" group is illustrated by 
products such as detached houses, block of flats, bridges and in some cases also hotels 
and offices. The characteristics of these are similar to the second group, the complex 
products, with two exceptions: 

• The time to manufacture one measurable unit is relatively long, but since the 
products are relatively uniform a physical measure of output could be obtained 
before the completion of the total project. Examples of such measures are number of 
houses, flats, hotel rooms, square metres of bridge deck or cubic metres of 
completed building. 

• The complexity of these products is also relatively high but they are a lot more 
uniform. This means that within each type of product, such as a block of flats, 

Of the 75.5 percent, the subcontractors share was 46.5 percent. 
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comparisons are possible even i f it means that the products would have to be 
divided up into subgroups. Block of flats could, for instance, be divided into those 
houses with the structure made of concrete and those made of wood. 

For the products in this "medium" group, the measure of output in physical terms is 
possible . For the individual site, however, the measurement of output has to be 
performed in the same way as for the complex products since it will , in most cases be 
impossible to wait for the completion of measurable units. The company management 
could on the other hand wait till the completion of the products in order to have 
physical quantities as a measure of output. By measuring output in physical quantities 
such as square metres or cubic metres it is possible to measure productivity by relating 
such inputs as hours worked, equipment, material or subcontractor costs to the output 
chosen. This could be done by using DEA or by adding the chosen inputs expressed 
the same units (SEK). 
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The selection of measures can schematically be described in a flow chart: 

Measure 
physical 

quantities over 
chosen input 

(DEA for 
company use) 

Type of 
product 

Complex 

Medium 

Measure part 
products over 

chosen input or 
use indicators of 

productivity 

Company 

< 

Use value added 
as output and 

multiple inputs (in 
SEK) or use DEA 

Figure 26. Flow chart for selection ofproductivity measures depending on products 
and usage. 

It is clear that all products are not easy to divide up into these groups but this way of 
flunking could be a help in deciding what measures to use. 
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5.3 H O W T O M E A S U R E 

5.3.1 Data required 

To be able to perform measurements it is important that all necessary data is collected. 
Data required can be split up into two groups; input and output data. The input data 
can in its turn be divided into several parts such as: 

1. Labour measured as hours or cost 
2. Equipment (machines) measured as rental cost 
3. Material measured as consumed quantity or as cost 
4. Energy measured as kWh or as cost 
5. Subcontractors measured as cost 

For the first of these inputs, labour, it is important to include both staff and workers. 
One reason for this is the change in organisations and working forms that are taking 
place in many companies (see chapter 3). With flattened organisations and goal-
oriented groups the differences between workers and staff are becoming smaller and 
many tasks previously carried out solely by staff have today been taken over by 
workers. Another reason for including the staff relates to the motivation of the 
workers. By doing so they do not feel that they are the only ones exposed to 
measurements as in today's piecework system. In our measurements of labour 
productivity where we included both staff and workers (see chapter 4) the reactions 
from the workers were positive. 

For the machines the only possible way of measuring is to use the rental cost. It is 
obvious that the great variety of machines that exist on a site could not possibly be 
added up in any other unit. In the study of one or maybe a few large machines (e.g. 
excavators and trucks) hours could be used. As a rule, however, a summary of rental 
costs should be made. 

Materials used can either be calculated in physical quantities such as tons, square 
metres, cubic metres, metres or somesuch unit or i f many materials are to be added, in 
total costs. 

On a building site energy is a small input even in the northern parts of Sweden where 
temporary heating during the winter can consume much energy. In comparison with 
other inputs these costs are small and need not be included in measurements of 
productivity at building sites. For other types of production, however, such as 
manufacturing of asphalt, energy costs are substantial. The energy cost for electricity, 
oil and gas at asphalt plants almost amounts to as much as the cost of labour.35 In such 
cases energy cannot be neglected when assesing input. Energy can be measured in 
kWh even i f different types of energy such as electricity, oil or gas are used.36 It is also 
possible to use the cost of energy when summating different types of energy. 

This figure is based on an investigation of 50 asphalt plants in Sweden. 
One litre of oil is approximately equal to ten kWh. 
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Subcontractors are difficult to measure in any other unit than money (SEK). There are 
exceptions such as large machines with drivers who are paid by the hour. In such cases 
it is also a possible to use the number of hours as input. 

Output and data required can be divided into two groups: Monetary outputs such as 
value added, or physical outputs such as square or cubic metres. I f value added is used 
the data is available through the accounting system. Physical quantities on the other 
hand are only obtainable through measurements. Such measurements can either be 
made on site or from drawings. In principle, there are no major differences between 
these two ways of measuring other than the fact that some things are better measured 
on site since they are not properly shown on the drawings, and that measuring from 
drawings is in most cases quicker than measuring out on the site. What is important, 
however, is that such measurements are performed in a uniform way. There are, for 
instance, a number of ways of measuring areas for buildings and to be able to make 
comparisons it is important that the measurements are made in the same way. There 
are standards for each measure used (e.g. Svensk Standard SS 021052 (SIS, 1989)) 
stating what should be included. 

5 . 3 . 2 Collection and collation data 

The data for inputs and outputs has to be collected. It is important that this collection is 
not so time-consuming that it is experienced negatively by the people involved. The 
time and money spent on collection and collation of data must be in reasonable 
proportion to the benefits achieved through the measurements. One interesting 
technique used in other lines of business is bar codes. Such codes could also be used at 
sites for quick and simple registration of both materials and hours. 

In companies there are already a number of data which are already collected: 

• Labour, which is known both in terms of hours and in terms of wage costs. This 
includes both workers and staff. All personnel have to report the number of hours 
(or days) worked to get their wages. What is not known, however, is how much time 
is spent on each operation. I f measurements are to be made of productivity using a 
sub-product as output it is necessary to allocate the different inputs to the 
corresponding outputs. For labour this means that the workers would have to report 
their time more in detail. This is also something which has already been practised at 
sites (see 3.7.1). Such a report could in principal be designed as below. 

Table 30. Design of a daily time reporting sheet. 

Activity Worker 1 Worker 2 Worker 3 
Activity 1 
Activity 2 
Activity 3 

Activity n 

2 hours 
6 hours 

8 hours 
4 hours 
4 hours 

Sum 8 hours 8 hours 8 hours 
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The best way of doing this kind of time reporting is to let the workers themselves 
report how they have spent their time. For the staff on site it can be a bit more 
complicated. It is difficult to allocate the time of someone like the site manager to 
numerous activities. It would therefore probably be best to allocate the time of the 
staff to the different activities, based on how many hours the workers had spent on 
each activity. This was also the way we distributed the hours of the staff at site 8 
(see chapter 4 and appendix). 

• Invoicing and all costs such as wages, material, energy, equipment and 
subcontractors are in most cases known through the accounting system and for most 
of the costs there are also copies of all the invoices at the site. It is consequently 
possible both at the site and at company level to calculate value added as well as the 
cost of different inputs. However, i f an input such as machines should be related to 
an output in the form of a sub-product it is necessary to allocate the total machine 
costs to the different parts (see 4.3.2). Such calculations would have to be done at 
site, and by someone from the staff since access to a computer facilitates such 
calculations. The data on where, and for what, machines had been used should, 
however, come from the workers since they are the ones using them. The same 
principles are valid i f another input is to be allocated to different parts. 

• Regarding the outputs in physical quantities and regardless of i f it is for the total 
project or for a sub-product, this is data which has to be collected on site. Most of 
these are aheady calculated at the tender stage of the project. Later these figures are 
often verified and calculated in more detail at the site by the site manager or by a 
planner. Data required for outputs measured in physical quantities does therefore 
not require any additional work. 

• I f indicators of productivity such as actual hours versus budgeted hours, material 
consumption, attendance or suchlike are measured, the same data as have been 
listed above can be used. All projects have, or should have, a budget which can be 
compared with the actual costs or hours. The net quantities for the materials should 
also be in the budget and can therefore be compared with the quantities purchased. 
It is, however, important to really use net quantities and not budgeted quantities 
including spoilage. Otherwise it is not possible to make comparisons. The available 
working hours needed to calculate attendance could be calculated both by the staff 
at the site and by the personnel or accounting department who receive the time 
reports from the site. 

5.3.3 Sources of error and difficulties 

The largest problem in measuring site productivity lies in the measurement of output. 
The difficulties in using value added have aheady been discussed (see 5.2.2). In using 
other outputs such as square metres or cubic metres of a building as a measure there 
are a number of factors which make comparisons difficult: 
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1. There are always differences even regarding comparable products such as 
dwellings, bridges, roads some hotels and offices. These differences can be related 
to different architecture, technical content or quality. 

2. Technical developments make today's buildings and other products made by the 
construction industry different from yesterday's. 

3. A number of external factors to which the site is exposed and over which the site 
has no control. Examples of such factors are rainfall, snowfall, extreme 
temperatures, heavy wind and heavy traffic. 

These difficulties are only different from those encounted in the manufacturing 
industry in one respect: The large number of external factors over which the site has no 
control. In manufactaing they also manufacture a large number products with smaller 
or larger differences (see chapter 3). They also have technical development regarding 
then products which makes comparisons with older data complicated. Technical 
development is in many cases also faster than in construction. 

In spite of all the problems in measuring output in an accurate way all the companies 
studied in manufacturing performed measurements. They were of the opinion that it 
was most important to have a system which was simple and understandable by the 
employees. One of the persons interviewed said that they had chosen a system with 
"simplicity before precision" (see 3.6.4). 

Measuring site productivity in construction is, however, in one respect easier than 
measuring productivity in many other organisations: All inputs are assignable to the 
product. One example is the personnel at the site which are all in one way or another 
involved in the production. In a manufacturing plant there are always personnel not 
directly assignable to a certain product since they work with such things as sales, 
R&D, maintenance, repair and others. 

5.3.4 Information flow 

Information flow today is mainly focused on costs. The overarriding target seems to be 
to produce as accurate reports on the economical status of the site as possible. It has 
therefore it has been important for the site manager to be able to estimate the number 
of hours and other inputs required to complete the work (see 3.7.1 to 3.7.3). As an aid 
in this work, measurements of labour productivity and material consumption are 
sometimes performed. In a future system where measurements of productivity are used 
both as a strategy tool for company management and as an aid for the people on site 
other demands should be made on the flow of information. 

The site has today all the information necessary to be able to perform measurements at 
least once a month. The main office, on the other hand only has information regarding 
the financial status of the site and total hours used. This includes both accrued costs 
and income as well as an estimate from the site on costs and income at project 
completion. In order to be able to use measurements in an effective way it is important 
to also give the main office access to information regarding physical outputs. With 
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such information it is possible to perform measurements of site productivity which 
could be used to analyse differences in productivity between comparable sites. But the 
results should also be used to provide the sites with suitable benchmarks against which 
they could compare the results of their own measurements. 

Another aspect against the background of a change in information flow is the 
information to and from the in-house workers. The effects of performing regular 
measurements of site productivity are probably greater i f the results are regularly 
reported to, and discussed with, the workers (see chapter 3). Additionally such 
measurements are facilitated by the assistance from the workers in reporting time spent 
at different operations etc. 

5.4 A P P L I C A T I O N S 

5.4.1 Benchmarking as a tool for company management 

With increased information from the sites regarding production it is possible for 
company management not only to obtain a measure of productivity for the individual 
site but also to make comparisons between sites. This information could then be used 
in an internal benchmarking process (see chapter 1 and 2). Such a process could: 

1. Identify sites with excellent performance. Those sites could serve as benchmarks for 
other parts of the company. Their results could be used to set realistic goals in terms 
of labour productivity, machine productivity, material consumption and other 
factors which could be a help in making people understand what can be achieved. 
Such benchmarks can also create standards against which all sites can compare 
themselves. This makes it possible to make comparisons between sites, and also 
with older results. 

2. Relate the differences in productivity (or other measures) to different variables 
having a positive or a negative effect on productivity. Such information increases 
knowledge regarding how production is best executed. By comparing similar 
products and by making systematic measurements over several years it should, at 
least in a relatively large company, be possible to identify such factors of vital 
importance. In doing that it is necessary to try and measure these factors in as 
accurately as possible (see 2.5). One example of such a factor is the competence of 
the site manager, which we in our study of site productivity tried to measure both as 
employment time and as educational qualifications (see chapter 2) without finding 
any relation to site productivity. It would be better to try and build a "competence 
index" which could be based on several factors such as formal education, in-house 
training and experience within and outside the company. Planning could be 
evaluated in the same way. Instead of just measuring the time available for planning 
and the persons involved, an index could be created based on qualitative evaluation 
of what had actually been done in planning and how the planning had been used. 
Knowledge concerning factors influencing productivity can be used to improve the 
total performance of the company. Overall performance can be improved by 
informing other sites on the characteristics of the best performing organisations 
within the company and by trying to adopt this. 
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It is important that an internal benchmarking process within a construction company is 
a continuous process. Measuring productivity and trying to identify the characteristics 
of the best sites has to be done regularly. The factors found to be important during a 
certain period do not have to be vitally important later. One such example could be the 
inverse relationship between a high degree of prefabricated parts and efficiency found 
in our study of the block of flats (2.4.1). It is possible that i f the same study was 
conducted today when there is a recession in construction, with lower prices and 
shorter delivery times for precast concrete, such a factor might appear to improve site 
efficiency. 

5.4.2 Continuous improvement on site 

The total performance of the company is determined at the individual site. It is 
therefore important that a process of continuous improvement has its base there. 
Previously we have discussed how information from the sites can help provide the 
company management with data necessary to perform measurements of site 
productivity and how the sites can receive data from the internal benchmarking 
process. These data could be used to increase motivation, set goals and create 
standards for measurements within the company. 

Measurements performed at site level to some degree have other objectives than the 
measurements performed at the main office. I f the results of the measurements are to 
be used as an aid for the people on site in evaluating working methods, materials, 
organisations, technique and perhaps also as a basis for bonus wages it is important 
that the results can be obtained at intervals that are not too large. Suitable intervals 
could be every month, which is today often the basis for many of the reports at the 
sites (e.g. cost of machines, material and wages). The intervals should not be larger 
since that would limit usage of the results. At the units studied within the 
manufacturing industry (see chapter 3) there was a tendency to try and make the 
intervals at which measurements were made as short as possible. However, the size of 
the intervals depends on the kind of production being carried out. In producing "simple 
products" in construction (see 5.2.2) the intervals can be as short as one day. 

There are advantages in having short intervals. In the study of labour productivity at 
the asphalt paving works (4.3.1) the measurements were performed daily. This made it 
possible to relate some of the differences in productivity to disturbances such as 
machine break downs. Such information could be a help in selecting machines for the 
future and help planning and organising the maintenance of the machines. 

At other types of production where the products can be considered as being more 
"complex" the measurement period has to be longer. But even with longer periods the 
results of such measurements can provide the site management with valuable 
information. One example, referred to in the study of the dwellings in Haninge (3.7.1), 
was that on the basis of the results from the measurements of labour productivity the 
team at the site changed the working method in making the foundations. This resulted 
in a reduction in the number of hours used. 
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By continuously measuring productivity it is possible to evaluate new working 
methods, new materials, changed organisations and new machines in a way that differs 
from merely looking at the profitability after project completion. The site manager at 
the dwellings in Haninge would never have introduced the improved working method 
in making foundations i f measurements of labour productivity had not been carried out 
at regular and relatively short intervals. Just looking at the financial result of the site 
does not reveal this kind of information. It is important, however, not just to use the 
information from such measurements at the individual site, which is practice at many 
companies today. The results, good or bad, from measurements at site level must be 
made known to other sites. A company can in this way use the accumulated knowledge 
that exists at the different sites to improve total performance. 

It is clear that such measurements can give competitive advantage to the large 
companies over the smaller companies. Up to now, many of the large companies have 
had difficulties in using their size in the same way as large companies in other lines of 
business. Certainly, they have been able to purchase some material at better prices than 
smaller companies, but on the other hand they have often had larger administrative 
costs which have reduced their ability to compete. They have also been able to 
compete on the very large project where the smaller companies have not been able to 
provide financial security and arrange financing. But, as a whole, the advantages of 
being a large construction company have been minor ones. 

Another way of using measurements at site level is as a basis for bonus wages. This 
was practised at several of the units studied within the manufacturing industry (see 
chapter 3) where productivity was often one offne factors used in calculating the 
bonus wages. The present system with piecework wages has been criticised since it 
only rewards the reduction of one of the inputs: labour. New systems where bonus is 
also paid on other factors such as low machine costs, reduced material consumption, 
quality and others have been tried lately. There are, however, still many who prefer the 
traditional piecework system. 

5.5 I M P L E M E N T A T I O N A T C O M P A N I E S 

The most difficult part probably lies not in finding relevant measures for productivity 
but in changing the attitude offne people in the companies. It seems as i f the 
management of construction companies have not realised the advantages to be gained 
by measuring and how the results of such measurements could be used to improve the 
performance of the company (see 3.7.1-3.7.3). The first step in implementing a 
productivity measurement system is therefore to change the attitude of management. 
Increased competition and the new contract forms where the possibilities for large 
claims have been reduced has also led to an increased interest in productivity 
measurements. 

I f a company management has decided to use productivity measurements to improve 
the performance of the company the following steps should be taken: 

1. Investigate the total production and try to identify areas where measurements would 
be relative easy to perform. 
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2. Select one or two types of production where measurements could start (e.g. asphalt 
paving and dwellings). 

3. Decide what measures to use and how to measure. It is important that this is carried 
out in a uniform manner. 

4. Inform the people who will be involved in the measurements and make them 
interested in participating. 

5. Start measuring at the individual sites at reasonably short intervals and evaluate the 
results. 

6. Make measurements of site productivity after project completion, or once a year, 
and use the results in an internal benchmarking process. 

7. Identify characteristics of the good and the bad projects and use this knowledge to 
improve productivity by informing all the sites of the results. 

I f this can work successfully other parts of production can be included until the whole 
company is involved. The implementation of such measurements will also make site 
managers more willing to undertake projects with a low budgeted profit. 

A good example is NCC which has aheady initiated a programme similar to the one 
from above. With some assistance the Luleå University of Technology they have 
started to measure productivity at their plants for producing asphalt and concrete. Even 
i f this programme has just started they have already been able to see large differences 
between plants and they have also been able to use these results in an internal 
benchmarking process. Then plan to go on with this process and include more and 
more of their operations. 

5.6 E F F E C T S O N T H E C O N S T R U C T I O N I N D U S T R Y 

The potential for increasing the performance of the total industry is substantial i f 
measurement of site productivity is applied at companies. By using measurements as 
an aid in a continuous process of improvement at sites, and by using measurements of 
site performance in an internal benchmarking process in companies large savings could 
be made. The analyses made in chapter two indicate that, i f all projects were executed 
in the best possible way, savings on the inputs studied of around 30 percent would 
have been possible. Since many factors of importance to site productivity cannot be 
influenced by the personnel on site, the potential, in practice, is smaller. But even i f 
the total savings that could be made only comprise five or ten percent this is still a 
substantial percentage considering that most construction companies are having 
difficulty in reaching a profit margin of five percent, even during a boom period. 

14.9 
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A P P E N D I X 1: Q U E S T I O N N A I R E T O S I T E M A N A G E R S 

This letter with attached questionnaire was sent to all the site managers responsible for 
the projects analysed with DEA. 

Study of productivity at construction projects 

My name is Jan Jonsson and I am currently carrying out research at Luleå University 
of Technology. My research project concerns finding simple and down-to-earth 
methods of measuring productivity at sites. 

The reason I have chosen this field is that I have myself worked at various construction 
companies since I graduated from Luleå University of Technology. I have worked as a 
surveyor, as a supervisor and as a site manager. I felt then that there should be better 
ways of assessing results than that of looking merely at the financial profit of the site. 
The economics of projects have in fact also been enveloped in some degree of 
"hush-hush" which has meant that it has been difficult to say anything to the workers 
who have often been interested in hearing how things turned out. 

When I was subsequently invited to carry out several years research at Luleå I thought 
that productivity measurements at the site could be an interesting field. The Swedish 
Council for Building Research (BFR) and the Development Fund of the Swedish 
Construction Industry (SBUF) shared this view and they are the principal financiers of 
my research. There is a reference group to assist me which includes representatives 
from the following companies: ABB, BPA, NCC, Skanska, NVS and the Swedish 
National Road Administration. 

When you speak of productivity you may perhaps think immediately of piecework 
rates as a good yardstick. Unfortunately, wages often do not reflect productivity. 
Instead one means by productivity how one utilises one's resources. Labour is, of 
course, a resource (workers and staff), but we also utilise other resources such as 
materials, equipment and energy. I f one then considers that of the total cost for a 
project wage costs for skilled workers account for about 20% of the total cost one 
realises that in order to obtain a fairer measure of productivity one must include other 
factors. This is the point I am trying to make in my research project. 

As part of my research project, I have chosen at random a number of projects that were 
carried out some time ago. These may be classified as construction of new blocks of 
flats, offices, bridges and roads. With the aid of data from these projects, taken from 
the companies' accounts, I have analysed the projects with the help of a method that is 
called "Best Practice". This method, that has previously been used in the 
manufacturing industry, has not as far as I know been tested before at construction 
projects in Sweden. Without going too deeply into the theory behind this method, one 
compares something that is called value added and puts it in relation to the various 
input factors such as work and equipment. With this method we have been able to 
determine (that is, ascertain with statistical certainty) that having a high proportion of 
staff at a construction project has a favourable effect on productivity. 
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The information that may be obtained from the database is, however, limited, and in 
order to proceed it is necessary to find out more about each project. This is why I am 
writing this letter to you. The project for which you were site manager is one of the 
projects that has been selected at random from the projects in one of the project 
classifications. I would therefore like you to complete the enclosed questionnaire and 
return it to me at this address: 

Tekniska Högskolan i Luleå 
Jan Jonsson 
Avdelning Anläggnmgsproduktionsteknik, 
95187 Luleå 
Sweden 

I know that as a site manager you have an enormous amount to do and that it is 
difficult to find time, but I would in spite of that be grateful i f you would sacrifice a 
little time to f i l l in the questionnaire as best you can. Should anything be unclear or 
ambiguous you are welcome to ring me on 0920-91 786. You can also write a 
comment at the side of the question and I can ring you i f I do not understand. 

The assumptions I have made are that the project was won in competition (in other 
words, I do not wish to include tendering combined with post-tendering negotiation, 
and suchlike) and that it belongs to the project classification that was reported. I f any 
of these criteria are not fulfilled then I would be grateful i f you would inform me in 
writing or by telephone so that I can remove your project from the study. 

Furthermore, I can assure you that the information that you provide will be handled in 
strict confidence and that I alone will have access to this information. I will, of course, 
compare various projects with each other but then each project will only have a 
number, starting at 1, and there will thus not be any possibility, even i f anyone would 
be interested, of mvestigating a particular project. It is only the combined result that is 
of interest! It is, however, of the greatest importance that I receive as many answers as 
possible since my study must have a certain statistical probability. I may in this 
connection mention that this letter is being sent to well over 100 site managers. I 
would of course have liked to have had the opportunity of visiting every manager, but 
this was not possible within the finances or the time for the research project. 

Since my financial resources are limited, I do not have the opportunity of reimbursing 
you for your co-operation, but as an expression of my thanks I am sending you a small 
gift from Luleå University. Thank you in advance for your co-operation. 

Regards, 

Jan Jonsson 

PS. Enclosed are two newspaper articles that describe my research project in more 
detail. 
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Questionaire 

The site designation of the project studied:  

The telephone number to the present site:  

Questions. 

1. The basis for most construction projects is a written contract. Finance and 
scheduling are, among other things, laid down in this. Would you please give the 
following information from this agreement: 

a) Original contract sum: SEK  

b) Original date for commencement of construction:  

c) Original date for completion:  

2. Due to various circumstances there are often greater or lesser deviations from what 
was set out in the contract. Give the following: 

a) Actual time for start of construction:  

b) Actual time for final inspection:  

3. The planning of a construction project can comprise a variety of subdivisions such 
as scheduling, choice of methods, equipment, materials administration, organisation 
etc. The way in which planning is executed varies from project to project. Give, for 
your project: 

a) Time for start of planning:  

b) Who has co-operated in planning (mark with x) 

Before construction During the construction operation 
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4. Regarding design and build contracts, the whole or parts of the design are procured 
by the contractor. Certain companies have their own technical departments that can 
carry out the design work, particularly regarding civil engineering projects, //the 
whole or parts of the design work was carried out as a commission for the 
contractor on your project, state who carried out the construction drawings: 

5. During a construction project the number of personnel usually varies. At the 
beginning there are usually a few and then during the course of construction the 
number of personnel increases gradually until one reaches a peak. Then the number 
of personnel decreases again. Give the approximate number of the following 
personnel categories when the number of personnel was largest: 

a) Staff:  

b) Own skilled workers:  

c) Sub-contractors:  

6. The type of wage for skilled workers can, depending on the type of project and the 
collective agreement applicable, vary from fixed hourly wage, bonus piecework 
and in certain cases, straight piecework. State the type of wage that was applied for 
skilled workers at this project: 

] Fixed hourly wage | | Bonus piecework | | Straight piecework Other. Which? 

7. State approximate average wage for your own skilled workers: SEK/hour 

8. It has recently become much more common that one prefabricates parts for 
construction projects. These may be bearing parts of steel or concrete, infi l l walls, 
roof sections, etc. Prefabrication can either be done at, or near, your own site, or in 
special factories (such as concrete element factories). If parts regarding the 
projects were prefabricated, state: 

a) Which parts were 
prefabricated:  

b) Where the prefabrication took place: 
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9. At most construction projects there are disturbances varying in seriousness. These 
may be such things as severe cold, substantial precipitation, delayed deliveries, 
thefts, high absenteeism, etc. Serious disturbance often results in the schedule being 
affected one way or another. If&t this site there have been disturbances of such 
degree that the schedule has been influenced in a crucial way, please state: 

a) The nature of the disturbance or 
disturbances:  

b) What effect the disturbances had on the 
schedule:  

10. In order to obtain an idea offne physical size of a construction project it can in 
many cases be suitable to state the areas involved. With respect to a block of flats 
or an office it is suitable to use the working area of temperature-regulated (heated) 
areas (see annexed paper regarding definition); for a bridge, the roadway area 
(roadway width x length) is employed. 

Give this area in nfi for your project:  

11. There are many ways of measuring productivity. One measure that is sometimes 
used in the construction industry is the number of skilled worker hours/m^ building 
volume. Other measures are to look in more detail at time spent on various 
operations such as reinforcement, casting of concrete, etc. There are also other 
ways of measuring productivity. 

Did you make any measurements of productivity at this site? 

12. In order to obtain better methods for measuring productivity it will be necessary to 
test a number of methods at different sites in order to see i f the methods work. With 
the present accounting systems and routines it can naturally cause a certain amount 
of extra work for the person or persons who test the method. 

Would you personally consider taking part in a test of a new productivity 
measurement method at any of your future sites? 
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APPENDIX 2 : SUMMARY STATISTICS FOR VARIABLES 

Blocks of flats 

CHANGETIME CONTRACT EFFVRS 

Count 28 28 28 
Average -0,121429 0,75 0,803232 
Variance 7,08415 0,194444 0,0365617 
Standard deviation 2,66161 0,440959 0,191211 
Minimum -3,0 0,0 0,31216 
Maximum 12,0 1,0 1,0 
Sum -3,4 21,0 22,4905 

EFFCRS INVOICING EMPLTIME 

Count 28 28 28 
Average 0,721339 29355,6 10,1071 
Variance 0,0335537 6,38959E8 65,5066 
Standard deviation 0,183177 25277,6 8,09362 
Minimum 0,2756 5817,0 1,0 
Maximum 1,0 85631,0 27,0 
Sum 20,1975 821958,0 283,0 

PLANTIME PLANBEFORE BLUEBEFORE 

Count 28 28 28 
Average 5,07143 2,46429 0,214286 
Variance 20,7354 1,14683 0,174603 
Standard deviation 4,55362 1,0709 0,417855 
Minimum 0,0 0,0 0,0 
Maximum 20,0 5,0 1,0 
Sum 142,0 69,0 6,0 

BLUEDURING PLANDURING PREFAB 

Count 28 28 28 
Average 0,214286 2,46429 0,75 
Variance 0,174603 0,776455 0,194444 
Standard deviation 0,417855 0,881167 0,440959 
Minimum 0,0 1,0 0,0 
Maximum 1,0 4,0 1,0 
Sum 6,0 69,0 21,0 
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DESIGNER AVEPAYMENT DISTURB2 

Count 28 28 28 
Average 0,0714286 101,607 0,178571 
Variance 0,0687831 18,9881 0,152116 
Standard deviation 0,262265 4,35753 0,390021 
Minimum 0,0 88,0 0,0 
Maximum 1,0 110,0 1,0 
Sum 2,0 2845,0 5,0 

DISTURB 1 ADDCOST WHITE/BLUE 

Count 28 28 28 
Average 0,285714 5,75 0,221786 
Variance 0,21164 89,6019 0,0659856 
Standard deviation 0,460044 9,46583 0,256877 
Minimum 0,0 -10,0 0,08 
Maximum 1,0 37,0 1,5 
Sum 8,0 161,0 6,21 

SUBCONTR EDUCATION2 EDUCATION 1 

Count 28 28 28 
Average 0,606071 0,642857 0,321429 
Variance 0,105388 0,238095 0,22619 
Standard deviation 0,324635 0,48795 0,475595 
Minimum 0,17 0,0 0,0 
Maximum 1,71 1,0 1,0 
Sum 16,97 18,0 9,0 
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Office buildings 

CHANGETIME EFFVRS EFFCRS 

Count 28 28 28 
Average -0,103571 0,940977 0,868386 
Variance 0,486468 0,00682698 0,00960381 
Standard deviation 0,697473 0,0826255 0,097999 
Minimum -1,0 0,783864 0,7144 
Maximum 2,0 1,0 1,0 
Sum -2,9 26,3474 24,3148 

INVOICING EMPLTIME PLANTIME 

Count 28 28 28 
Average 23515,5 13,1429 2,91071 
Variance 7,09127E8 86,3492 14,038 
Standard deviation 26629,4 9,29243 3,74674 
Minimum 3606,0 3,0 0,0 
Maximum 94482,0 30,0 19,0 
Sum 658433,0 368,0 81,5 

PLANBEFORE BLUEBEFORE BLUEDURING 

Count 28 28 28 
Average 1,85714 0,178571 0,178571 
Variance 1,97884 0,152116 0,152116 
Standard deviation 1,40671 0,390021 0,390021 
Minimum 0,0 0,0 0,0 
Maximum 4,0 1,0 1,0 
Sum 52,0 5,0 5,0 

PLANDURiNG PREFAB DESIGNER 

Count 28 28 28 
Average 2,39286 0,607143 0,142857 
Variance 1,35847 0,247354 0,126984 
Standard deviation 1,16553 0,497347 0,356348 
Minimum 0,0 0,0 0,0 
Maximum 4,0 1,0 1,0 
Sum 67,0 17,0 4,0 
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AVEPAYMENT DISTURB2 DISTURBI 

Count 28 28 28 
Average 102,429 0,107143 0,321429 
Variance 58,254 0,0992063 0,22619 
Standard deviation 7,63243 0,31497 0,475595 
Minimum 89,0 0,0 0,0 
Maximum 121,0 1,0 1,0 
Sum 2868,0 3,0 9,0 

ADDCOST WHITE/BLUE SUBCONTR 

Count 28 28 28 
Average 29,5 0,230714 0,983214 
Variance 11408,6 0,0166143 0,412163 
Standard deviation 106,811 0,128896 0,642 
Minimum -28,0 0,08 0,27 
Maximum 567,0 0,63 2,92 
Sum 826,0 6,46 27,53 

EDUCATION2 CONTRACT EDUCATION 1 

Count 28 28 28 
Average 0,642857 0,464286 0,357143 
Variance 0,238095 0,257937 0,238095 
Standard deviation 0,48795 0,507875 0,48795 
Minimum 0,0 0,0 0,0 
Maximum 1,0 1,0 1,0 
Sum 18,0 13,0 10,0 
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Roads and bridges 

CHANGETIME EFFVRS EFFCRS 

Count 19 19 19 
Average 0,465789 0,782742 0,679189 
Variance 8,83724 0,0543093 0,053837 
Standard deviation 2,97275 0,233044 0,232028 
Minimum -9,0 0,3014 0,2803 
Maximum 6,5 1,0 1,0 
Sum 8,85 14,8721 12,9046 

INVOICING EMPLTIME PLANTIME 

Count 19 19 19 
Average 5143,21 17,1579 1,97895 
Variance 5,92583E7 107,363 4,15509 
Standard deviation 7697,94 10,3616 2,0384 
Minimum 1226,0 3,0 0,0 
Maximum 28200,0 34,0 8,0 
Sum 97721,0 326,0 37,6 

PLANBEFORE BLUEBEFORE BLUEDURING 

Count 19 19 19 
Average 2,05263 0,0526316 0,0526316 
Variance 1,27485 0,0526316 0,0526316 
Standard deviation 1,12909 0,229416 0,229416 
Minimum 0,0 0,0 0,0 
Maximum 4,0 1,0 L0 
Sum 39,0 1,0 1,0 

PLANDURING PREFAB DESIGNER 

Count 19 19 19 
Average 1,89474 0,105263 0,157895 
Variance 0,432749 0,0994152 0,140351 
Standard deviation 0,657836 0,315302 0,374634 
Minimum 1,0 0,0 0,0 
Maximum 3,0 1,0 1,0 
Sum 36,0 2,0 3,0 
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AVEPAYMENT DISTURB 1 ADDCOST 

Count 19 19 19 
Average 88,0526 0,631579 25,8947 
Variance 90,0526 0,245614 2326,65 
Standard deviation 9,48961 0,495595 48,2354 
Minimum 68,0 0,0 -32,0 
Maximum 110,0 1.0 168,0 
Sum 1673,0 12,0 492,0 

WHITE/BLUE SUBCONTR EDUCATION2 

Count 19 19 19 
Average 0,446842 0,566316 0,473684 
Variance 0,076745 0,109369 0,263158 
Standard deviation 0,277029 0,33071 0,512989 
Minimum 0,17 0,06 0,0 
Maximum 1,0 1,47 1,0 
Sum 8,49 10,76 9,0 

EDUCATION 1 

Count 19 
Average 0,473684 
Variance 0,263158 
Standard deviation 0,512989 
Minimum 0,0 
Maximum 1,0 
Sum 9,0 

Comments: All the roads and bridges included in this regression analysis had a 
general contract. The fact that NCC teknik was still used was explained by the fact that 
they made the design for the temporary constructions such as formwork etc. 
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A P P E N D I X 3. N O R M A L P R O B A B I L I T Y P L O T S F O R 

R E S I D U A L S 

Block of flats 

Normal Probability Plot for RESIDUALS 
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Figure 27. Normal probability plot for residuals for model using EFFCRS as 
dependant variable. 
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Figure 28. Normal probability plot for residuals for model using EFFVRS as 
dependant variable. 
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Office buildings 

Normal Probability Plot for RESIDUALS 
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Figure 29. Normal probability plot for residuals for model using EFFCRS as 
dependant variable. 
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Figure 30. Normal probability plot for residuals for model using EFFVRS as 
dependant variable. 
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Roads and bridges 

Normal Probability Plot for RESIDUALS 
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Figure 31. Normal probability plot for residuals for model using EFFCRS as 
dependant variable. 
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Figure 32. Normal probability plot for residuals for model using EFFVRS as 
dependant variable. 

175 



176 



A P P E N D I X 4: C A S E S T U D Y Q U E S T I O N N A I R E 

This case study questionnaire was sent out to the companies concerned before the 
interviews and the study visit at the export industries studied. With regard to the 
construction companies, certain minor changes in the text were made but the content 
was the same. 

B A C K G R O U N D 

T H E S W E D I S H C O N S T R U C T I O N INDUSTRY A N D P R O D U C T I V I T Y 

The concept of productivity has often been mentioned in recent years when discussing 
the cost crisis in Swedish industry. It has been pointed out that productivity has 
declined steadily since the first half of the 1970s. The construction industry has not 
been an exception: its development has been poorer than the average for industry. The 
sharp increase in prices that took place in the construction sector during the end of the 
1980s and the beginning of the 1990s caused the construction sector to be declared as 
the "inflationary motor" of the Swedish economy. Even i f this has changed 
dramatically today, within the construction industry one is conscious that a favourable 
development in productivity is of the greatest importance. 

C O M P A R I S O N B E T W E E N T H E C O N S T R U C T I O N INDUSTRY A N D MANUFACTURING 

I N D U S T R I E S 

The concept of the product 

I f we compare the construction industry with manufacturing industry we can see that 
in many cases in the manufacturing industry it is relatively easy to describe the 
product: in other words, what one has produced. An example of this might be a 
steelworks that can measure its production in the form of tons of steel; or a pulp 
industry that can measure its production as the tons of pulp produced. 

For other industries it is a little bit more difficult since one has several differing 
products being manufactured. An example of this might be a bearings factory that 
manufactures a large number of different types of bearing or a car factory that has 
several different models of car with various optional extras being produced. But 
although these products are somewhat more diversified, they are still relatively 
homogenous and are of a limited number. 

I f we then compare this with the construction industry one soon realises that it is much 
more difficult to measure what one has produced. It is not possible to speak of the 
number of houses as a product. The difference between, for example, a warehouse and 
a hotel is altogether too great. 

Even in a relatively homogeneous group of products such as dwellings, there can be 
very great differences between buildings. Anyone can realise that a block of flats with 
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a brick facade, lift , glazed-in balconies and alurninium windows is a completely 
different product than the corresponding house in the form of a 2-storey house row 
with wooden facade, outdoor stairs, wooden balconies and standard windows. The 
problem is, therefore, that it is almost impossible to find two units that are the same 
and can thereby be readily compared. 

Design and serial production 

I f we now ignore the difficulties in measuring the products offne construction 
industry, there are then a further two very important differences compared with 
manufacturing industry. These are firstly the connection between design and 
production; and secondly, serial production which is often utilised in manufacturing 
industry. 

In many industries it is self-evident that production has a decisive influence on design. 
A product that turns out to be too complicated and thereby too expensive to produce 
may be re-designed so that it may be produced with a reasonable input. 

In most cases, construction projects are today procured as what is known as design and 
build contracts or as some form of general contract which means that the opportunities 
for the producer of influencing design and construction so that production resources 
are reduced has disappeared or been much diminished. 

Since, as was previously mentioned, it is extremely uncommon that one has serial 
production as the products are very seldom the same, it is more difficult to make any 
consistent use of experience gained from production. 

The dependence of the construction industry on political decisions 

A further difference of great importance is the great dependence the sector has on 
political decisions. This applies above all to the building of dwellings and 
infrastructure which is almost entirely governed by decisions made by parliament 
which can be changed very quickly. This has made it very difficult for the construction 
industry to maintain optimal production resources all the time. 

These are probably not the only explanations for the development in productivity of 
the construction industry being poorer than the average for industry, but they are 
important ones. 

Since construction comprises such a large part of total industrial production in 
Sweden, low productivity in this sector has very negative repercussions on the entire 
economy of the nation. It is, therefore, in the interest of both the sector and the nation 
that productivity growth in the construction industry increases. 
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T H E R E S E A R C H P R O J E C T 

C O M P E T I T I O N = HIGH P R O D U C T I V I T Y 

It is a condition of survival for that part of industry that is subject to competition that 
growth in productivity is high since lower productivity than that of competitors means 
that one must charge higher prices than they do, and that one thereby risks loosing 
customers and revenue, and finally that one risks the existence of the whole company. 
Irrespective of whether Sweden moves closer to the EC or not, competition in the 
Swedish market will with all likelihood increase. 

M E A S U R I N G R E S U L T S 

In order to gauge one's own productivity it is of the greatest importance that one can 
measure it satisfactorily: maybe not so much in order to compare it with competitors', 
since this type of infonnation is seldom released, as to look at one's own development 
over a period of time. Rapid growth in productivity usually means that the company 
has a chance of keeping up with, or even of overtaking, competitors. 

Fortunately, most people wish to improve on results all the time. Who would like to 
take part in, or watch, a long jump competition where the lengths of the jumps were 
not measured? Or who would like to look at a ping-pong match where one did not keep 
the score? The same thing applies to industrial production; no one really wishes to 
work in a company that is not as good or better than its competitors. One way of 
examining this is to measure productivity continually, and to do this in a way that can 
be understood by employees. 

Productivity measurements are generally carried out today in one way or another, 
above all in industry, but also in service companies and national and municipal 
administration bodies. 

V A R I O U S M E A S U R E S O F PRODUCTIV ITY 

At the sector level productivity is often measured as total factor productivity in the 
form of value added in relation to input factors in the form of work and capital. Value 
added here refers to the increase in value achieved through work in each sector, and 
the level of this is obtained by subtracting the costs for raw materials, 
semi-manufactures, etc., from the gross output value. The resulting sum is what must 
cover the costs for own personnel, capital and profit. 

I f the value added is related only to the number of hours used, one speaks of labour 
productivity. The disadvantage of using value added as a measure of what one has 
produced is that this measure is highly dependent on the business cycle since it is an 
item that contains the company's profit, and this, as is well-known, usually varies over 
a business cycle3 7. Many companies and organisations have chosen to use other 
measurements that suit them and are easier for the employees to understand. Who, for 

3 7 Unless, of course, one has a monopoly situation such as the Systembolaget (the state-controlled 
company for the sale of wines and spirits)! 
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example, has not heard of the number of hours it takes to manufacture a car in Japan 
compared with the Swedish car factories? Other measures that are used are ton 
steel/kWh, ton paper/hour worked, number of hip joint operations/year, number of 
passenger kilometres/employee, number of cases/employee, etc. The list is long, and it 
shows that, in most branches and organisations, particular measures can be found and 
used to continually make measurements of one's own productivity development. 

M E A S U R E M E N T S O F P R O D U C T I V I T Y IN T H E C O N S T R U C T I O N INDUSTRY 

What is the picture in the construction industry? The Swedish Central Bureau of 
Statistics (SCB) makes sector comparisons and examines both labour productivity and 
total factor productivity. Here there is the sector heading "building activity" which 
refers to the construction industry. The disadvantage of these measures is that one uses 
value added as a measure of what one has produced and one thereby obtains large 
swings due to swings in the business cycle. 

The industry itself makes, via its branch organisation, "The Building Contractors 
(Byggentreprenörerna)", certain comparisons based on the number of m 3 volume of 
building produced per hour worked. This measure has the disadvantage that it does not 
take account of changes in quality and design, and that it is difficult to capture 
differences in product groups. An increase in house building at the cost of industrial 
building brings an increase in the number of hours/m3 without real productivity having 
decreased. In addition, it is impossible to measure the building volume of such things 
as bridges and roads. 

The individual companies have in the piecework system an instrument for following up 
the number of hours per flat, per m 2 building area, etc. A more detailed follow-up of 
the use of time for individual operations such as fomsetting, casting, repairs, etc., is 
seldom done today. Even i f this is done, one does not take account of other factors 
such as white-collar worker input, expensive new machinery, increased proportion of 
sub-contracting UE( 3 8 ) , or semi-manufacture. 

Today construction companies invest large sums in measures that one believes have a 
favourable effect on productivity. Such investments are increased computer support, 
material administration, quality assurance, increased personnel training, etc. The 
problem is that one lacks methods for measuring the results of these investments 
satisfactorily, particularly at the level of the project. 

IMPROVED M E T H O D S O F M E A S U R I N G 

In order to try to remedy this, the NCC company and Luleå University have started a 
three-year research project39 whose aim is to find better measuring methods at the site 
level. This research project, that began in January this year, aims to find methods that: 

3 8 Abbreviation for sub-contractors (underentreprenörer) 
3 9 This research project is financed by the Development Fund of the Swedish Construction Industry 
(Svenska Byggbranschens Utvecklingsfond), the Swedish Council for Building Research 
(Byggforskningsrådet), the NCC Building company (NCC Bygg AB) and Luleå University of 
Technology (Tekniska Högskolan i Luleå) 
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- are simple and down-to-earth. We do not want to create unnecessary bureaucracy at 
work sites! 
- can be understood by employees. In order to be able to make improvements all 
employees must also understand our measurements. 
- can be accounted for continuously during the course of construction. Coming along 
six months after construction has been completed and saying that productivity has been 
low is of no help since the result cannot be influenced then. 
- taking into account more factors than hours worked by skilled workers. The increase 
in the proportion of semi-manufactures and sub-contractors that has taken place in 
recent years must also be considered. 

A N A L Y S I S O F T H E PRODUCTIV ITY M E A S U R E M E N T S O F T H E S W E D I S H 

M A N U F A C T U R I N G S E C T O R 

Since the Swedish manufacturing sector, and in particular the exporting companies, are 
expected to be well advanced as regards measuring productivity, we have thought it 
may be better to try to learn from these companies instead of dashing off and starting 
from scratch. Even i f we do not believe that it is merely a matter of tjansferring 
ready-to-use solutions40 our hope is that there will be one or two ideas that can be of 
use. 

In order to best find out how one can in these companies measure and utilise 
productivity measures I have decided to carry out a multiple case study of a number of 
Swedish industrial companies.41 

M E T H O D 

S C H E D U L E 

The case studies will be carried out in the autumn of 1992. Since they are, apart from 
being an important part of my research project, also part of a postgraduate course in 
case study methodology the result will first be presented in connection with a seminar, 
which is also the end of the doctoral course mentioned above, on 25 November 1992. 
The study will furthermore be included as part of my licentiate report that is estimated 
to be completed in June 1995. 

B A C K G R O U N D MATERIAL 

An important part of the study is that prior to a visit I obtain printed matter that 
describes the company's and the actual "factory's" operations. This may comprise 
annual reports, interim reports, advertising matter, brochures for new employees, and 
printed matter that is used for visits to customers. The reason I wish to obtain access to 
this printed matter before making a visit to the factory or installation is that it gives me 
a chance to prepare my visit in a satisfactory manner. I consider that I need up-to-date 
printed matter about a week before an appointment in order to be able to read through 
it. 

The sectors are altogether too dissimilar for this 
The case study is estimated to comprise 6-8 companies, mainly f rom the export ing sector. 
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V I S I T S 

Perhaps the most important part of the case study is the visit. It gives me the chance to 
obtain information on the spot concerning the operation. I hope, therefore, to be able to 
visit the production installation itself and to obtain a picture of how production 
functioned and to have the opportunity of meeting people who in one way or another 
are involved with measuring productivity. In the first instance they may be the person 
or persons who carry out or collate the actual measurements, but it is also of interest to 
meet anyone who uses the actual results that evolve from the measurements. This 
could, for example, be a manager of the company or the site. 

In order to obtain a comprehensive picture it would also be of advantage i f I might 
meet a representative of the employees so that I can obtain an idea of what their view 
is of the measurements and the results they are given. 

I N T E R V I E W S 

During the visit to the factory or installation I count on having the opportunity of 
interviewing some of the people I meet. With the help of these interviews I count on 
being able to obtain answers to questions that I consider are of importance for my 
report and my subsequent work. 

I will make notes during the interviews in order to type these out later. After they are 
typed out, a draft will be sent to each person for checking so that I have not 
misunderstood or forgotten anything. One does, of course, have the right to change or 
remove anything afterwards that one does not wish to have included. 

Q U E S T I O N S 

T H E MAIN Q U E S T I O N 

As I mentioned earlier, the main question of this study is: How does one measure 
productivity in Swedish industry? I hope that the answer to this question will enable 
me to find methods that are applicable in the construction industry. 

Another important question which I hope will be answered is: Why does one make 
measurements? Presumably no company makes measurements just for the fun of it and 
the results are presumably used in some way or other. This may be as a basis for 
management decisions, or be connected with the wage system for employees or 
suchlike. 

S U B - Q U E S T I O N S 

In order to be able to answer the main question of the study I have set up a number of 
sub-questions. I count on getting answers to these either through material that is placed 
at my disposal or through interviews that I hope to carry out. Certain of these questions 
will first arise in connection with the visits, while others are aheady completed. In 
order to be better prepared and to obtain an insight into my questions, there follows a 
list of those that are most important: 
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• Is productivity measured? 
• Why do you measure or not measure? 
• How do you measure? 
• Is there any goal as regards productivity? 
• For what period have you measured? 
• Why did you begin to measure? 
• Are all parts of the company measured? 
• I f parts are exempted. Why? 
• Which measurements are used? 
• Why just these measurements? 
• Can you use other measures? 
• Have you tried other measures? 
• Who carries out the measurements? 
• For whom are the measurements done? 
• How have you measured previously? 
• How do you use the results? 
• How often do you measure? 
• How has productivity developed over a period of time? 
• Do you make comparisons with other companies? 
• What do the employees say? 

• Give advantages and disadvantages of these measurements. 

T H E R E P O R T 

S E C R E C Y 

It is important for me to obtain access to material that is as comprehensive as possible 
in order to draw correct conclusions in my study, and I am aware that there may be 
information that a company does not wish to see published. I will therefore send a 
draft to those persons at each company who have been interviewed or who have 
provided material before anything is written down in the report. Everything that any 
person wishes to be removed or changed will naturally be observed. I f someone for 
some reason does not wish to have their name in the report this will , of course, also be 
respected. 

T A R G E T G R O U P F O R T H E R E P O R T 

As has been mentioned previously this study will be presented at a case study seminar 
at Luleå University on 25 November 1992. The participants at this seminar will be 
those who are participants in a postgraduate course in case study methodology, and the 
professor responsible for the course.42 

4 2 Bengt Barius, who is professor at the Department of Business Administration and Social Sciences 
at Luleå University 
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This study will be used later in my licentiate work concerning new measuring methods 
for productivity measurements at sites in the construction industry. The study wil l then 
be included as part of this work and will therefore also be published with my thesis. 
This thesis, which I estimate I will present in June 1995, will be directed towards 
Swedish contractors in the building and construction sector. 

A R R A N G E M E N T O F T H E R E P O R T 

The report will begin with a survey of the concept of productivity and the measures 
that are usually employed. After that the various companies and their products and 
measuring methods will be presented. 

The report will end with a summary where I will look at the similarities and 
dissimilarities between different companies. 
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A P P E N D I X 5: I N T E R V I E V E D P E R S O N S A N D M A T E R I A L 

C O L L E C T E D A T T H E C A S E S T U D I E S 

During visits to the various production sites the following persons were interviewed: 

Company Persons Date of interview 
Scania Trucks & Buses, Luleå 

SSAB, Oxelösund 

Klas Andersson 

Björn Andersson 
Krister Nilsson 
Sten Forsberg 
Anders Wärme 

27/8 1992 

28/8 1992 
28/8 1992 
28/8 1992 
28/8 1992 

LKAB, Malmberget 

Volvo Personvagnar, Torslanda 

SCA Nordliner, Obbola 

Scania Trucks & Buses, Södertälje 

ABB Traction AB, Västerås 

ABB Motors, Västerås 

Kjell Larsson 
Bengt Apelqvist 
Stig Nordlund 
Håkan Selldén 

Thomas Andersson 
Dan Blomberg 
Vanco Popjanevski 

Bo Hammarström 

Björn Bäckström 
Gunnar Eriksson 
Göte Henriksson 

Charlotte Hartelius43 

Kenneth Lövqvist 
Staffan Algeli 

Konsortiet Igelstabron, Södertälje Erik Sahlin 

Siab Bygg, Haninge 

BPA Bygg, Sundsvall 

Ingvar Lundström 

Olle Göransson 
Ulla Hallberg 
Bjarne Wik 
Lars Hallberg 
Kjell Nilsson 

3/9 1992 
3/9 1992 
3/9 1992 
3/9 1992 

17/9 1992 
17/9 1992 
17/9 1992 

23/9 1992 

24/9 1992 
24/9 1992 
24/9 1992 

23/10 1992 

23/10 1992 
23/10 1992 

2/2 1993 

3/2 1993 

25/2 1993 
25/2 1993 
25/2 1993 
25/2 1993 
25/2 1993 

43 Chariotte Hartelius was interviewed concerning ABB's T50 programme. 
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During the case studies the following reference material was collected from the 
companies and from other sources: 

A B B : 

ABB 
ABB 
ABB 

ABB Motors AB 
ABB Motors AB 
ABB Motors Västerås 

Dagens Industri 13/10 1992 
Ny Teknik 1992:44 

B P A : 

BPA AB 
BPA AB 
BPA AB 
BPA Sundsvall 

T H E C O N S O R T I U M I G E L S T A B R O N : 

Banverket. Östra regionen 

Banverket/The consortium Igelstabron 
Byggmdustrin nr 7 1993 
Eeg-Henriksen Gruppen A-S 
The consortium Igelstabron 
The consortium Igelstabron 
The consortium Igelstabron 

The consortium Igelstabron 
The consortium Igelstabron 
The consortium Igelstabron 
The consortium Igelstabron 
The consortium Igelstabron 

The consortium Igelstabron 
NCC 
Veidekke 
Veidekke 

Asea Brown Boveri i Sverige 
Fakta T50 
T50 seminar on 21/8 1992 (selected 
material) 
Ett fönster mot ABB Motors värld 
Välkommen ti l l ABB Motors 
Production and productivity measurement 
results 
Kommer T50 att gå bet på byråkratin? 
T50 har hunnit till T30 

Delårsrapport januari-augusti 1992 
BPA Kontakt 6/92 
Årsredovisning 1991 
Extract from a quality folder 

Overhead material on the purchasing of the 
Igelstabron 
Igelstabron. För 2000-talets järnvägstrafik 
Veidekke störst bland Norges byggare 
Årsberetning og Regnskap 1991 
Bonus wage agreement for the site 
Organisational chart 
Production follow-up on reinforcement 
works 
Production follow-up on concrete works 
Production follow-up on form works 
Production follow-up on the piers 
Productivity measurements framework 
Productivity measurements for the 
foundations and the piers 
Productivity measurements "Freivorbau" 
Årsredovisning 1991 
Annual report 1991 
Company Profile 
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L K A B : 

LKAB 
LKAB 
LKAB 
LKAB 

LKAB 
LKAB 
LKAB 
LKAB 
LKAB 
LKAB 

LKAB Malmberget 
LKAB Malmberget 
LKAB Malmberget 

LKAB Malmberget 
LKAB Malmberget 
LKAB Malmberget 
LKAB Malmberget 
Ny Teknik 1992:39 

S C A : 

SCA 
SCA 
SCA Nordliner 
SCA Nordliner 
SCA Nordliner 
SCA Nordliner 
SCA Nordliner 
SCA Nordliner Obbola AB 
SCA Ortviken 
SCA Packaging 

Fakta maj 1992 
LKAB Malmberget 
Kvalitetshandbok 1992 
Läsanvisning (till LKAB årsredovisning 
1991) 
Årsredovisning 1991 
LKAB Förädling och utveckling 
Det viktigaste om LKAB 
En bit av Sverige i jordens alla hörn 
Järnmalm 
Budget 92. An information to all 
employees 
Budget 92. LKAB Malmberget 
Projekt M85 
Information pamphlet on mining operation 
techmques at Malmberget 
SKIP. LKABs company magasine 1/1992 
Månadsrapport april 92 
Månadsrapport juni 92 
Kostnadseffektivitet. Utfall 1991 
LKAB går på djupet för att hålla sig flytan
de 

Årsredovisning 1991 
Facts & Figures 1991 
Obbola Linerboard 
Produktbroschyr 
Your profit from our quality 
Obbolabladet 3/92 
Various bonus and productivity estimations 
Årsredovisning 1991 
Från ved till papper 
Annual Report 1991 
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S C A N I A : 

Bokförlaget Bra Böcker 
Scania Trucks & Buses, Luleå 
Scania Trucks & Buses, Luleå 
Saab-Scania 
Saab-Scania 
Saab-Scania 
Saab-Scania 
Saab-Scania, Scania Trucks & Buses 
Saab-Scania 
Saab-Scania, Scania Trucks & Buses 
Saab-Scania, Scania Trucks & Buses 
Scania Trucks & Buses, Södertälje 

S I A B : 

Riksbyggen Stockholm 

Siab 
Siab 

Siab Bygg, Stockholmsregionen 

S S A B : 

Svenskt Stål Oxelösund 
SSAB, Svenskt Stål 
Svenskt Stål Oxelösund 
Svenskt Stål Oxelösund 
Svenskt Stål Oxelösund 
Svenskt Stål Oxelösund 
Svenskt Stål Oxelösund 
Svenskt Stål Oxelösund 
Svenskt Stål 
Svenskt Stål Oxelösund 
Svenskt Stål Oxelösund 

Bra Böckers Lexikon, 1989 
Various bonus wage calculations 
Various productivity diagrams 
Saab-Scania Bokslutskommuniké 1991 
Saab-Scania Delårsrapport jan.-mars 1992 
Saab-Scania Verksamheten 1991 
Scania production, Luleå 
Scania World Bulletin, no.4 1992 
Scania idag 1992 
Scania World Bulletin, no.2 1992 
Scania World Bulletin, Economy Special 
Various produkivity and cost estimations 
for the diesel motor work shop 

Golvläggaren - 284 nya bostadsrätter nära 
Handens centrum 
Delårsrapport, januari-augusti 1992 
Årsredovisning 1991 
Kv Golvläggaren, Haninge (site 
information) 

Allmän produktinformation grovplåt 
Annual Report 1991 
Map over the plant 
Various weekly reports 
Grovplåten no 33 and 35, 1992 
HARDOX - slitplåten för tuffa tag 
Heavy Plate from Sweden 
Metallurgen week 9232 and 9235 
Oxelösund - stålstaden vid havet 
T-bladet week 32 
WELDOX för bästa totalekonomi 
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V O L V O : 

Volvo 
Volvo 
Volvo 
Volvo 
Volvo Personvagnar AB 
Volvo Personvagnar AB 
Volvo Personvagnar AB 
Volvo Personvagnar AB 
VTM 
VTM 
VTM 
VTM 

VTM 
VTM 
VTM 

Fakta om Volvo 92 
Årsredovisning 1991 
Det första halvåret 1992 
Vägen mot "Nollfel" 
Volvo 1927-1991 
Fakta 1992 
KLE-konceptet 
Produktionsväg KLE 
Result follow-up 
Budget control 
Result versus target week 9236 
Various diagrams with regard to 
productivity etc 
Produktivitet VTM 
Produktivitetsanalys Budget 1992 
Measurement of productivity 
developement 
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A P P E N D I X 6: D A T A F O R C O N S T R U C T I O N S I T E S S T U D I E D 

This appendix contains general information and data regarding the sites in northern 
Sweden where we have carried out measurements of a number of different key ratios. 
Those who have been of assistance with these measurements are: 

Site 1: Faruk Ghasemlou, MSc in Civil Engineering 
Site 2: Ulf Östberg, Engineer 
Site 3: Martin Lovf, Engineer 
Site 4: Behnam Nekoei, MSc in Civil Engineering 
Site 5: Jan Lundmark, MSc in Civil Engineering 
Site 6: Gunnar Nyman, Engineer 
Site 7: Jan Nilsson, Engineer 
Site 8: Anders Hedman, MSc in Civil Engineering 

S I T E 1: B R I D G E O V E R T H E P I T E R I V E R A T B Ö L E 

The Vägverket Produktion44 organisation has constructed a bridge for the road no. 550 
across the Pite river at Böle which is situated about 5 km upstream from Piteå. This 
bridge is one of the many bridges in Sweden that the Swedish National Road 
Adnvinistration has modified in order that the Swedish roads conform to EU standards. 
In this case a widening of the existing bridge was not economically feasible and it was 
therefore replaced by a new bridge. 

Vägverket Produktion won the contract in competition with other private contractors in 
this market. The production personnel concerned had not previously built a bridge of 
this type. 

4 4 The Swedish national road administration is nowadays divided in two parts: one is the administrator 
of the Swedish roads and thereby also the client when it comes to new investments. The other part, 
called Vägverket Production, is working as a normal contractor tendering for jobs the normal way. 
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Figure 33. The bridge at Böle under construction 

The new bridge is what is known as a steel-concrete composite bridge; in other words, 
a design with bearing beams of steel and with a bridge deck of concrete. 

Some facts regarding the bridge: 

Client 
Contractor 
Construction period 
Type of contract 
Type of reimbursement 
Contract sum 
Length of bridge 
Width of bridge 
In-house skilled labour 
Type of wage 

the Swedish National Road Administration (Vägverket) 
Vägverket Produktion 
November 1993 - October 1994 
general contract 
fixed price without indexing 
about SEK 13 million 
198 m 
8.65 m 
about 10 
hourly wage 
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The organisation at the site consisted of a site manager, two supervisors, a number of 
skilled workers and a tractor driver. The site manager, who in addition to this bridge 
had responsibility for two other bridges, was only at the site for part of his time. Much 
of the practical site management was therefore carried out by the supervisors who were 
on site full-time. 

The measurements carried out at this site were made by one of the supervisors. These 
were directed towards measuring three key ratios: 

1. The actual number of hours compared with the number that was budgeted. Both the 
skilled workers and the supervisors were included in the number of hours. 

2. The consumption of concrete that was measured in relation to the net quantity that 
could be calculated with the help of drawings. No deduction for the volume that was 
taken up by reinforcement was made when calculating the theoretical quantities. 

3. The costs for correcting faults that arose during the construction period in relation to 
the total costs incurred. Included in the total costs for correcting faults are costs for 
material, machines, skilled workers and supervision. No increase was made for 
building containers, electricity for construction operations and suchlike. 
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S I T E 2: E M E R G E N C Y H O S P I T A L , B O L L N Ä S 

In 1989 the provincial government in the province of Gävleborg decided to build a new 
emergency hospital in near what is known as the "Blue House" at Bollnäs. This 
decision meant that two thirds of the new hospital would consist of newly constructed 
building while one thhd would consist of the existing premises in the "Blue House". 
As a result of a reduction in requirements, the area of new building was later halved. 
The final design of the project thus comprises about 13 000 m 2 of new construction 
and 13 000 m of rebuilding. Total investment was estimated at SEK 270 million. 

The NCC Hus company won this contract by tender in competition with other 
contractors in the area. 

The design chosen for the part to be newly constructed is a steel structure with outer 
walls of prefabricated concrete and with concrete hole deck for the floor structure. 

Figure 34. The hospital during the construction works. 
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Some facts concerning the hospital: 

Client 
Contractor 
Construction period 
Type of contract 
Type of reimbursement 
Contract sum 
Gross area of rebuilding 
Gross area of new building 
In-house skilled labour 
Type of wage 

Landstingsfastigheter, Gävle 
NCC Hus 
November 1993 - March 1995 
general contract 
fixed price with indexing 
about SEK 100 million 
about 13 000 m 2 

about 13 000 m 2 

about 45 
bonus piecework 

The organisation comprised a site manager who was responsible for the site, and below 
him was one supervisor who was responsible for the part which was to be newly 
constructed and one supervisor for the part which was to be rebuilt. In addition to 
these, there were at the site functions in common to both, such as purchasing, planning 
and surveying. 

At this site the measurements were carried out together with the person responsible for 
planning at the site. At each measurement I have travelled to the site and with the help 
of the person responsible for planning we obtained the required information from the 
accounting system of the site. Due to the great distance to the site the number of 
opportunities for measuring has been limited. 

When I joined this project the rebuilding work had already begun and I then decided 
together with the person responsible for planning at the site that measurements would 
only comprise the part that would be newly constructed. This decision turned out, 
however, to thwart certain of the measurements that I aimed to carry out since most 
machines were used in common by both parts. The measurements have therefore been 
directed towards measurement of labour productivity which I have measured by 
relating the value added to the number of hours worked. The number of hours includes 
both skilled workers and management. 
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S I T E 3: H E A T I N G A N D P L U M B I N G I N S T A L L A T I O N S A T T H E T R U M P E T E N 

B L O C K , U M E A 

Close to the 120 regiment in Umeå, the contractor NCC Hus has, on a design and build 
contract, erected two blocks of flats containing a total of 64 small flats. The Client for 
NCC Hus was Fastighets AB Kasernen. NCC had previously built similar houses in 
the same district but at that time for Riksbyggen. Karl Ture Jonssons Värme AB who 
carried out the heating and plumbing installations at the previous buildings was 
entrusted with the task of carrying out the same installation contract at the new 
buildings. 

The flats have conventional heating via waterborne heating. The buildings are 
connected to the municipality's district heating system. 

Figure 35. The dwellings from outside 
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Some facts regarding the hearing and plumbing contract: 

Client 
Contractor 
Construction period 
Type of contract 
Type of reimbursement 
Contract sum 
Number of flats 
Gross volume 
Number of skilled workers 
Type of wage 

NCC Hus 
Karl Ture Jonssons Värme AB 
November 1993 - September 1994 
design and build contract 
fixed price without indexing 
about SEK 1.5 million 
64 
about 11000 m 3  

1-2 
bonus piecework 

The heating and plumbing installation contract was organised so that one supervisor 
had responsibility for a number of sites at the same time, one of which was the district 
Trumpeten. At the site in question there was often a worker who, in a fairly 
independent way, carried out the tasks in question. Sometimes parts were also 
prefabricated at the company's workshop and then transported to the site and there 
assembled. 

Measurements carried out at this site were labour productivity measured as value 
added per hour worked for supervisors and workers. These measurements were done 
by visiting the supervisor and going through the figures in question with him once a 
month. 
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S I T E 4: M A R K E T H A L L , L U L E A 

In 1993, Luleå Saluhall AB, which had previously carried out market trading at the 
market-place at the bus station in Luleå, decided to build a market hall to carry out the 
operation in a better way by also operating in the cold part of the year. In order to 
obtain building permission the company was obliged to adapt the architectural design 
of the market hall to the existing bus station. 

The contract was procured as a design and build contract by a conventional tender 
procedure. 

Figure 36. Bricklaying at the market hall. 
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Some facts regarding the building: 

Client 
Contractor 
Construction period 
Type of contract 
Gross area 
Contract sum 
Type of reimbursement 
In-house skilled workers 
Type of wage 

Luleå Saluhall AB 
BD Bygg AB 
2.5 months 
design and build contract 
285 m 2 

about SEK 2.5 million 
fixed price without indexing 
4 
bonus piecework 

The site in Luleå was initially manned with a site manager and two carpenters who 
were permanently employed by the company. Later the work force was increased with 
two temporarily employed carpenters and a number of sub-contractors. 

The measurements were carried out by a person who I placed at the site. Since the 
measurements themselves were not a foil-time job he also took part in the other 
operations as a supervisor. 

The measurements that were carried out were directed to the following three key 
ratios: 

1. Estimated hours related to actual hours. The number of hours includes all company 
personnel, included management at the site. 

2. The degree of utilisation of equipment that was measured by seeing which units 
were not used during the previous week. The rental cost for these units was then 
related to the total equipment rental cost for the period in question. 
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S I T E 5: A S P H A L T P A V I N G IN S O U T H E R N V Ä S T E R B O T T E N 

During the summer and autumn of 1994 one of the students at the University made a 
study of how productivity could be measured in asphalt paving (Lundmark, 1995). The 
study, which was part of his final thesis, was never printed as a whole. The reason for 
this was that it was made in commission for the asphalt paving group within NCC 
Anläggning in Umeå and that most of it was considered to be a trade secret. However, 
since the author of this thesis was the guide and examiner for his final thesis I have had 
access to all the material and I have been promised to use a small part of it in my own 
study. 

During the study he did follow three paving groups that were working around the 
southern parts of Västerbotten. He made parts of the collection of data himself but 
since there were three groups to follow the majority of data was collected by the 
drivers of the pavers. 

Figure 37. Asphalt paving at the European highway, E4. 
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Some facts around the asphalt groups studied: 

Clients the Swedish National Road Administration and 
Umeå municipality 
normally a fixed price per layed asphalt Form of payment 

Period studied 9/6 1994 - 10/10 1994 
Number of workers per group normally 5 
Form of wage for the workers bonus piecework 

Each paving group was organised with five workers. On top ofthat there were 
sometimes traffic wardens to make sure the traffic could pass the site in such a way 
that no accidents occured. Each group also had a foreman. 

For the three groups studied among others the following key ratios were measured: 

1. Value added per hour worked. In the number of hours the time for the staff was also 

2. The number of square meters of asphalt that had been layed per hour worked. Since 
the thickness of the asphalt varied the measurements for the same thickness were 

3. The number of kilos of asphalt per square meter compared with the number of kilos 
that was prescribed and which also was the basis for the payment from the client. 

included. 

compared. 
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S I T E 6: T H E A D V E N T U R E B A T H S , B O D E N 

In the centre of Boden the SIAB company has built baths for families with a 25-metre 
pool with a gallery for 100 persons and a diving board. There is also an "adventure" 
section with rapids and two water-chutes, the longest of which being 85 metres in 
length. 

The adventure baths were procured in competition, and Siab obtained the contract 
because the company offered the alternative that was most advantageous for the 
municipality. In order to be able to carry out alterations during the construction period 
and to try to find cheaper solutions one has chosen to use cost plus with an incentive 
agreement. 

Figure 38. The adventure swimming bath during the foundation works. 
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The building is constructed with a structure made out of a combination of incast and 
precasted concrete with a facing of brick and substantial indoor tiling. 

Some facts regarding the building: 

Client 
Contractor 
Construction period 
Type of contract 
Type of reimbursement 
Contract sum 
Gross area 
Gross volume 
In-house skilled workers 
Type of wage 

Boden municipality 
Siab Bygg 
June 1994 - November 1995 
design and build contract 
incentive with fixed and variable part 
about SEK 70 million 
2731m2 

32 334 m 3 

about 35 
bonus piecework 

The site organisation comprised a site manager, four supervisors, a trainee (surveyor's 
assistant), fifteen carpenters, twelve reinforcement and concrete workers, two crane 
drivers, six bricklayers and a tractor driver. The building was quality assured by Siab. 

The measurements were carried out by a person who I stationed at the site. He began at 
the site in August 1994 when the company had begun the foundation works and he left 
the site six months later. The measurements have been aimed at measirring four 
factors: 

1. Labour productivity which has been measured with "The list of times: building" 
(Tidlista bygg)45 as a basis and complemented with the occasional "own addition". 
Labour productivity has here been measured as the quotient of the calculated times 
and the "standard times" in the list of times used. No comparison with estimated 
times has therefore been made and the reference material has throughout been the 
list of times. Only the time of the skilled workers is included in the allocated time. 

2. The consumption of the materials reinforcement, concrete and insulation which was 
measured by estimating the quotient between the actual quantity consumed and the 
theoretical quantity which could be calculated with the aid of the drawings. The 
consumption of concrete was also calculated by dividing the actual cost by the 
theoretical cost for the concrete delivered on site. 

3. The actual machine costs have been compared with the estimated machine costs. 

4. The actual production situation compared with the planned situation in accordance 
with the time schedule. This was done on four occasions. 

4 5 The list of t imes "building" is a booklet containing unit t imes for the most c o m m o n work operations 
at building sites. 
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S I T E 7: T H E F U R U P A R K S S K O L A N S C H O O L , L U L E Å 

The Furuparksskolan in Luleå is a primary and intermediate school that was built in 
the middle of the 1960s. After 30 years of use as a school the premises were out of 
date and the worse for wear. In early 1994 the Luleå municipality decided that the 
school was to be renovated and extended. This renovation comprised electrical, 
ventilation, water and sanitation and building work in the existing part of the school. In 
addition, a new wing was built. Groundwork comprised cables, pipes, play equipment 
and new surfaces. This construction was carried out while school lessons took place. 

Procurement took place by means of a conventional tender procedure. 

Figure 39. The Furuparksskolan school 

Some facts regarding the building: 

Client 
Contractor 
Construction period 
Type of contract 
Type of reimbursement 
Contract sum 
Gross area of new building 
Gross area of rebuilding 
In-house skilled labour 
Type of wage 

The Luleå Municipality (Luleå Kommun) 
Nåiden Bygg AB 
May 1994 - March 1995 
general contract 
fixed price without indexing 
about SEK 13 million 
3324 m 2 

13521m2 

about 10 
bonus piecework 
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The organisation of the site consisted of a site manager for the building work and a 
supervisor for the ground work. I had stationed a person at the site to carry out the 
measurements. Since the measurements themselves were not a full-time job he also 
participated in the rest of the work as a supervisor. He was at the site for six months 
from September 1994 until February 1995. 

The measurements at the site were directed towards: 

1. The actual number of hours used compared with the estimated number. Both hours 
for skilled workers and for management were included in the number of hours. 

2. The cost of materials in stock which was measured by calculating a mean value in 
Swedish crowns for existing stocks of building materials and thereafter to multiply 
the value of the stock with an interest rate, which in this case was set at 12 percent. 
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S I T E 8: B R I D G E O V E R T H E K A L I X R I V E R , S V A R T B Y N 

NCC Ardäggning has built a bridge for road no. 795 over the Kalix river at Svartbyn 
which lies about 10 km south of Overkalix. This bridge is one of the many bridges in 
Sweden that the Swedish National Road Administtation has built in order to adapt 
Swedish roads to EU standards. In this case a widening of the existing bridge was not 
economically feasible and it was therefore replaced by a new bridge. Construction was 
started in the autumn of 1994 and was completed in the autumn of 1995. 

The contract was won in competition with other construction companies in this market. 

The bridge is, just like the bridge at Böle, a steel-concrete composite bridge. 

Figure 40. The bridge under construction 

206 



Some facts regarding the bridge: 

Client 
Contractor 
Construction period 
Type of contract 
Type of reimbursement 
Contract sum 
Length of bridge 
Width of bridge 
In-house skilled labour 
Type of wage 

the Swedish National Road Administration (Vägverket) 
NCC Anläggning 
September 1994 - September 1995 
design and build contract 
fixed price without indexing 
about SEK 18 million 
242 m 
10.5 m 
about 10 
bonus piecework 

Organisation at the site comprised a site manager and a number of skilled workers. In 
the beginning there was also a supervisor on the site to help at the start. 

The measurements were carried out by two persons who I had stationed at the site. 
One of these stayed, however, only from September to October while the other was at 
the site for six months from December 1994 to May 1995. He also participated while 
he was at the site in the other operations as a supervisor. 

The measurements at the site were aimed at measuring the following: 

1. The productivity of labour, material and equipment where output was measured in 
physical units in the form of the main parts of the bridge. These were: 

• "Lake work" where the physical measure was m 2 of foundation area. 
• The bridge piers where the physical measure was the volume measure m 3 

These measures of output were related to a number of measures of input such as: 

• Number of hours 
• Material cost or material quantities 
• Equipment costs 

2. The number of actual hours present at the site in relation to the theoretical number 
of hours. I aimed with this measure to measure how great a part of possible work 
time that people were at the site. 

3. The quotient between the construction days used and the estimated number of days; 
in other words a comparison with the time schedule. 
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