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EXECUTIVE SUMMARY 

The housing situation in Costa Rica is not flourishing. The demand exceeds enormously the supply of 
houses. There is a housing deficit of around 150,000 houses. This housing deficit is a combination of a 
lack ofhouses and number ofuninhabitable houses. The housing deficit affects around 23 percent of 
the total population and another quarter ofthe population livesin defective houses. We can conclude 
that both quantitative and qualitative improvements ofhousing are required. The housing problem 
affects mainly the low-income groups for which housing represents significant financial and human 
effort. Until now mainly research has been done with respect to cost reduction oflow-income housing. 
In contrast to previous research projects, this project is aimed at the evaluation of the construction 
processes to search for performance improvements of low-income housing in Costa Rica. 

The nature and environment ofthe housing problem at sector and nationallevel is stuclied in part one. 
Topics like production factors, the method of data-coHeetion and data-analysis can be found in part 
two. The results ofthe field study, where the technology-based evaluation method is also developed, 
tested and evaluated. Part four contains the final conclusions regarding possible the performance 
improvements and discusses the used research methodologies. These parts are described below. 

Part one: Research context 

Fora better understanding ofthe environment ofthe construction process, national and sector 
characteristics have been investigated by localliterature study. The results are used to answer the first 
research question: by which means influence productivity factors on sector and nationallevel the 
construction process of low-income housing in Costa Rica? 

We have found that the typical Costa Rican geography causes the constant chance of earthquakes or 
tremors and variabie temperature and rainfall. These are important factors the construction industry 
has to reekon with. The metropolitan area is the economie centre of Costa Rica. Due to jobs 
possibilities, education, health services and basic infrastructure it has always been an enormous 
attraction for Co sta Rican population. High population growth and migration of rural population have 
caused high demands for housing in this region. 

The national economy is an important determinant ofthe construction industry. A worsening 
economie situation is apparent by high inflation and high interest rates. Fluctuations of the national 
economy affected, more extremely, the construction industry. One ofthe direct effects is noticeable 
for employees working in the construction sector. 

However housingis the most important activity within the construction sector, the demand exceeds 
enormously the supply and these problems are mainly restricted to the low-income groups. Financial 
governmental help has been effective since 1986 when housing problems have been approached in a 
co-ordinated manner. Th is financial help created access to decent housing for large parts of the law
ineome group, but still the deficit is not highly decreasing. 
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Part two: Methodological issues 

The research problem is the search for opportunities, probieros or constraints to imprave the 
performance ofthe construction process oflow-income housingin Costa Rica. We would like to give 
suggestions for performance impravement ofthe construction process. We also would like to know if 
it is possible to analyse the performance of the construction process by application of a technology
based research methodology. Those are the aims of research. 

We approached the research problem from a technology point of view. The assumption has been made 
that.knowledge, about the strengthand weaknesses ofthe production factors, makes it possible to 
imprave these factors. We distinguished variables of the construction process on national and sector 
level (productivity factors) and on project level (production factors). These variables are classified in 
six main groups. Firstly we distinguished basic project characteristics, basic company characteristics 
and basic manag~ment characteristics. We expect that variables of these groups effect the performance 
of the construction process. Secondly we distinguished input, throughput and output characteristics. 
These variables are part of the construction process of which different completion leads to different 
outcomes. 

To collect data concerning the production factors we carried out fifteen structured interviews among 
representative boclies of low-income housing projects. Besides the use of a questionnaire, also 
unstructured observations and conversations with key-persons have been part ofthe data-collection. 
These data have been use for the descriptive statistica} data analysis and the testing of the developed 
methodology for technology-based evaluation ofthe production factors will bedescribed in part three. 

Part three: Results and analysis of field study 

The results form the basis for the answer on research question two: how form production factors on 
project level opportunities, probieros and constraints to imprave the construction process of law
ineome housingin Costa Rica? 

The construction systems of the investigated low-income housing projects can be divided into four 
groups. Firstly, the projects built with the prefabricated elements, respectively the Prefa PC system 
and the Zitro system. Secondly, the projects built on a traditional way by using concrete blocks. Last, 
the houses built out of a bamboa structure. The projects have been ranked according to the production 
output, measured by the average number of square roetres constructed per working day. Conclusions 
concerning the performance of the construction process are based u pon corresponding characteristics 
between projects with the highest average production output, irrespective of construction system. 
To verify these conclusions we searched for corresponding characteristics between projects built with 
Prefa PC and between projects built with concrete blocks. We assume that similar conclusions drawn 
by these analyses result in valid overall conclusions. 

Is a technology-based evaluation method the right methodology to investigate the problem as stated in 
the research question? To be able to give an answer on this research question three, a technology 
content analysis has been developed and tested. The "technometric" model developed methodology by 
the Economie and Social cammission for Asia and the Pacific (ESCAP) ofthe United Nations, formed 
the basis of our methodology. The model should make an analysis of the performance of the 
construction processes by measuring the production factors. The components of production factors get 
a score based upon the degree of sophistication. The va lues of production factors are calculated by 
taking the average of the components. The heights of these values indicate the con tribution to the 
construction process. 
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The basic assumption for this model is the fact that we expect a direct relationship between a higher 
production output in terms of quantity and quality and the increasing order of more developed and 
better-attuned components oftechnology applied in the construction process. The collected data have 
been used totest the model. The results have been compared with the results ofthe descriptive 
statistica! data-analysis. This resulted into positive and negative aspects after the methodology has 
been evaluated. 

Positive aspects: On project level the methodology gives the opportunity to get quick and easily an 
overall impression of the strong and weak production factors within the production process of each 
project from a technological point of view. On sector level the evaluation methodology is useful for 
comparing construction processes of different projects with each other. From a national point of view 
information about the strong and weak aspects within the construction industry could be very useful 
for national planners and policy makers. 

Negative aspects: The evaluation method is a complex and time-consuming methodology. The method 
is not reliable yet. All production factors are treated equally. It should be necessary to establish a 
component contribution rating for each production factor to discriminate between the mutual weight 
(influence) on the output during the construction process. Also the mutual relations between the 
production factors have to be taken into consideration. 

Part four: Epilogue 

The last part presents the overall conclusions and recommendations of the research project. As this is 
an exploratory research based upon a limited number of investigated projects the thoughts developed 
and conclusions drawn are provisional and therefore need further check before implementation. 

National and sector level 

• Impravement of governmental policies and research in the construction industry is recommended 
since involvement and co-ordination ofthe government is essential for providing low-income 
houses in Costa Rica. 

• The use of local available raw materials must be promoted. The general trend to import 
construction materialsis increasing. To stimulate the national economy, development and use 
(new) building materials must be restricted to the local available primary materials: for example 
by national policy based on import-substitution. 

• Specialist technica! education should be improved. The education possibilities for the specific 
technica! professions aimed at low-skilled employees in the construction industry are poor and 
should therefore be improved. 

• Impravement ofthe national financing system for housing. Although the system has proved to be 
successful over the past years it should be improved to make users less dependent ofthe 
fluctuating interest rates. 

Project level 

• Stimulate prefabricated building systems. The prefabricated building systems are an important 
factor to improve the performance because of a relatively low average construction time. 

• Stimulate finishing activities by inhabitants self. A determinative factor for the total construction 
time is to what extent the houses have to he finished. This could be done by self-help. 
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• Improve quality and supply of building materials. Irregular supply and low quality of building 
materials are unfavourable for the progress of the construction process. 

• Stimulate prefabricated building materials. Prefabricated frames and doors could be favourable to 
lower the average construction time. Making frames and doors on site is a labourintensive 
activity. 

• More machines should be used during digging activities for the construction of foundations. To 
decrease the construction time, it is favourable to make use of advanced machines and equipment. 

• Skilis and knowledge of skilied and unskilled labourers should be improved. Main problems of 
employees are related to skilied and unskilled labourers. The involvement with the project is 
minimaland the rotation of these labourers among projectsis high. To decrease the turnover of 
personnel special education for these labourers should be increased to make them more valuable 
employees. 

• Increase the use of time planning methods. Projects using time planning procedures have on 
average a lower construction time compared to projects that do not use such procedures. 

• Improve quality control of materials. Quality control of materials before usage could be 
favourable to lower the construction time and improve the performance of the construction 
process. 

Research methodology 

• The developed technology-based evaluation methodology should be improved. We have 
experienced that the presented technology-based evaluation methodology in this format is not 
applicable to measure the performance of the construction process. An improved model could be a 
very useful supplement to common value added and capita! and labour measurements 
methodologies. 

Further research 

• Investigate influences on the construction process of other phases in the building process. We 
have been focusing on the construction process but this is certainly not the only determinative 
variabie for the performance in the building process. 

• Execute extensive work measurements (time study). The conclusions are based upon the 
construction output measured by the average number of square metres constructed per day. We 
recommend investigating construction activities on the basis of exact time studies. More 
information conceming the necessary time for the construction of separated elements could 
increase the insight of the relations between production factors and their re lation to the total 
output. 
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1 
Introduetion 

1.1 Motivation for research 

The bad housing situation in Costa Rica is the starting point for this research project. The demand for 
housing exceeds excessively the supply of houses. Urbanisation and high population growth rates of 
the past have contributed to the actual housing deficit. The economie crisis in Costa Rica during the 
80s affected the constructing ofhouses. There is a housing deficit ofaround 150,000 houses. This 
deficit is a combination of a lack of houses and the presence of a number of uninhabitable houses. The 
housing deficit affects around 23 percent of the total population. Besides the housing deficit another 
quarter ofthe population livesin defective houses. The housing problem affects the low-income group 
the most. 

In contrast to previous research projects this project is not aimed at the costs oflow-income housing, 
but at the evaluation ofthe construction process from a technological point ofview. Thejirst objective 
of research is to give suggestions to bod i es in the construction indusfly to imprave the performance of 
construction processes of law-ineome housingin Costa Rica. The second objective is to investigate 
possibilities of analysing the performance of construction processes by application of technology
based research methodology. The assumption madefora technology-based evaluation ofthe 
production process is that once the strength and weaknesses of determining factors of the production 
process are known, it is possible to improve them. 

Impravement of the production process requires not only insight in the production processes but a lso 
insight in the circumstances under which the processes take place. This is what we call the operating 
environment. Factors from the environment influencing the production process are called productivity 
factors. One requires understanding nature and impacts of the productivity factors to be able to control 
them. This leads us to the research problem. Which determining production and productivity factors 
form opportunities, problems or constraints to imprave the performance of construction processes of 
law-ineome housingin Costa Rica? This problem will be split up into three research questions. The 
procedure of answering these questions will be elaborated below. 



Chapter 1 Introduetion 

1.2 Structure of the thesis 

Part one: Research context 

The first part concentrates on the answer of research question one: By which means injluence 
productivity factors on sector and nationa/level construction processes of law-ineome housing in 
Costa Rica? Firstly Chapter 2 describes the national environment by descrihing the geographically, 
climatic, demographic, politically, educational and economie characteristics. Secondly the operating 
environment of the construction sector will be described on the basis of economie, employment and 
research characteristics and also the major construction activities and construction materials. Chapter 
3 is a further elaboration of the motivation for this research project. Demand and supply of the housing 
situation for law-ineome groups in Costa Rica come up for discussion. 

Part two: Methodological issues 

The theoretica! basis ofthis research project is explained in Chapter 4 chapter. The problem, aim and 
relevanee of research are explained. The Iiterature study on production factors and their presentation 
in a theoretica! framework with definitions also get a chance. Chapter 5 describes the set up ofthe 
explorative research methodology. By descrihing the population and research unit the area of research 
are defined. The research tools and methods of data-collection will be described as well as the 
techniques of data-analysis. 

Part three: Results and analysis of field study 

Part three will be focused on the results ofthe descriptive statistica! data-analysis and the technology
based evaluation method. First the general characteristics of production factors will bedescribed in 
Chapter 6. These results form the basis for the answers on research question two. The question that 
has to be answered: How farm production factors on project level opportunities, problems and 
constraints to imprave construction processes of law-ineome housingin Costa Rica? In the previous 
chapter production factors has been analysed by application of a descriptive evaluation methodology. 
In Chapter 7 we will discuss research question number three. The question is formulated as follows: Is 
the technology-based evaluation methad the right methodology to investigate the problem as staled in 
the research problem? To be able to give an answer on this question the development and testing of 
the methodology will be described. We will start this chapter with the introduetion to technological 
approaches and the explanation ofthe developed methodology. After applying the data on the 
methodology we will discuss the results and evaluate the developed methad according to positive and 
negative aspects. 

Part four: Epilogue 

The final Chapter 8 gives an answer on the research problem. Firstly we present the overall 
conclusions and recommendations founded on the answers ofthe research questions. We will give 
overall conclusions and recommendations conceming the performance impravement of the 
construction process at national, sector and project level. Besides conclusions regarding the 
applicability of the research methodologies will be presented. At the end recommendations for further 
research will be given. The chapter ends with a brief evaluation of the steps during research and field 
period. 
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Research context 
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2 
Costa Rica 

2.1 Introduetion 

This chapter describes the setting ofthis research. First it deals with the national environment by 
descrihing the geographically, climatic, demographic, politically, educational and economie 
characteristics. Second, the operating environment of the construction sector will be described on the 
basis of economie, employment and research characteristics and also the major activities and 
construction materials. 

2.2 National environment 

2.2.1 Geography 

Fig. 2-1 shows a map ofCosta Rica. The Republic ofCosta Rica is a Central-American country 
hordered in the south-east by Panama and in the north by Nicaragua. The Caribbean Sea and the 
Pacific Ocean border the East coast and the West coast. Co sta Rica has a totalland area of 51,100 
square kilometres, which is only 1.2 times bigger than The Netherlands. See appendix 1.1 for more 
geographic figures. Co sta Rica is divided into seven provinces. In spite of the relative small si ze, 
Costa Rica is a very mountainous country with big differences in altitude. There is a mountain range 
located from the north-west to the south-east halfway through Costa Rica. The highest mountain Cerro 
Chirripó has an altitude of 3819 meters above sea level. The capital San José is located in the so
called Central Valley ofthe mountain range. Appendix 1.2 shows the position ofCosta Rica in Central 
Am erica 

The mountainous scenery is derived from landslides and volcanic activities that started 135 million 
years ago and still go on. In Costa Rica 112 volcanoes have been identified ofwhich the majority is 
situated in the mountain range. Other outcomes from landslides are earthquakes and tremors. One has 
always to reekon with a chance of light earth-shocks while heavy earthquakes occur only seldom. 

5 
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2.2.2 Climate 

The elimate in Costa Rica is very diverse. Parts ofthe country show locally big differences in 
temperature and rainfall. This depends on the combination of geographical position and altitude. Ifwe 
make a distinction between elirnatic groups basedon temperature and humidity, we can distinguish 95 
different elirnatic zones'. Roughly, the coasts are hot with an annual average day temperature of 31 o C. 
The Central Valley has an annual average day temperature of25° C. Besides geographical differences 
in elimate there are also differences due to changes in season. In general there is a dry season from 
December tillApril and a rainy season from May till November. Appendix 1.3 contains more detailed 
information a bout the elimate of Co sta Rica. 

2.2.3 Demography 

North Pacific 
Ocean 

(l 30 6() ~m 

ll 30 

\\ .... 
\ 
\ 
\. 

', Puerto > .... umón 
Mom \ 

\'-..... 

lsJ.:~ del Coto 
,, n.:lt sho~~on. 

Fig. 2-1 Map ofCosta Rica2 

Costa Rica is a nation with a total population ofabout 3.14 million inhabitants (1995)3
• The total 

population density is 61.4 inhabitants per square kilometre. 44 percent of the population lives in urban 
areas and 56 percent in rural areas. San José is by far the most densely populated city, with 9,566 
inhabitants per square kilometre4 • In 1996 more than one-third of the total population lived in the San 

1 Herrera, W., Clima de Cast a Rica. vegetación y cl i ma de Cast a Rica, vol.2, Editorial Universidad Estatal a Distancia, San José- I 985, p.59. 
'http://www.odci.gov/cia/publications/nsolo/tàctbook/map-git/cs-JSO.gif 
3 Proyecto Estado de Ja Nación, Estado de la Nación en desarro/la humano sostenible, intarme 2, San José-October 1996, p.237. 
4 JNICEM-Market Data, Cos/a Rica: Datos e fndicatores Básicos, 6th edition, San José-1996, p.6. 
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José metropolitan area. More than 50 percent ofthe total population lived in the extended metropolitan 
area. Appendix 1.4 contains more detailed demographic information. 

The growth of urban zones in the Central Valley was enormous until the 80s. The increase in the past 
was mainly due to migration of rural pop1,1lation and the high rates of population growth. More jobs, 
education, health services, supplies and basic infrastructure are the reasons for the high population 
concentration in this region. Nowadays the migration and population growth rates have been slowed, 
and secondary urban cities assimilate the growth of urban population. 

2.2.4 National economy 

Fig. 2-2 shows the major economie activities contributing to the Gross Dornestic Product (GDP) in 
1995. The Costa Rican economy is mainly oriented toward industry, agriculture and commerce. The 
con tribution of in dustry and commerce is increasing while the contribution of agriculture is 
decreasing. The GDP per capita has increased since 1990 by more than 45% to 2,760 US-dollars per 
capita in 1995. However, since 1992 the growth ofGDP has been decreasing. In 1995 3.4 percent of 
the GDP was contributed by the construction sector. The contribution of construction sector to the 
GDP has been approximately the same during the past ten years. 

Transport. 
CoiTlll.Jrication 

1JD/a 

Government 
8% 

Rest 
13% 

Finarcial 
19% institutions 

8% 

Conrrerce 
18% 

Construct ion 
3% 

Fig. 2-2 GDP according to economie activity 19955 

Three main problems in the Co sta Rican economy are the annual intlation ra te, the devaluation of the 
Iocal currency Colón [~] and the high interest rate. The devaluation ofthe Iocal currency causes 
among other things increase in prices of products and services. The prob1em is that an increase in 
wages is not proportional. Intlation higher than 10 percent• might cause reticence of investments. The 
average annual intlation between 1985 and 1995 has been 18.1 percent?. Intlation takes away the real 
insight into the demand and supp1y of products. Future prices are insecure and enterprises can not 
estimate if profit will exceed the investments. An unpredictable intlation gives banking businesses 
cause for high interest rates to proteet one se1f against devaluation of the loaned sum of money. High 
interest rates increase the costs for Ioans for investments or consumption expenditures. These 

5 Proyecto Estado de la Nación , Estado de la Nación en desarro/la humano sostenib/e, inforrne 2, San José-October 1996, p.252 . 
6 publication Bennis, M., Inflatiespook heeft geen ruggengraat, about J. Stiglitz, vice-president Worldbank, Algemeen Dagblad 18-10-1997, 
p. l9. 
1 Proyecto Estado de la Nación, Estado de la Nación en desarro/la lwmano sostenible, inforrne 2, San José-October 1996, p.258. 
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combinations create an unfavourable economie atmosphere and economie growth is slowed down. 
Appendix 1.5 contains detailed figures about the economie situation in Costa Rica. 

2.2.5 Politics 

Fig. 2-3 shows the distribution of social public expenditures by activity. Social assistance, health and 
education are the most important con tributars and cover tagether around 88 percent of the total 
expenditures. 

Social 
Assistance 

33% 

Recreat., cult. 
and relig. 

Housing 
11% 

1% 

29% 

Fig. 2-3 Dis tribution of social expenditures 19948 

During the past seven years the expenditures on health and social assistance have relatively slightly 
decreased. Expenditure on education increased by four percent since 1987•. Social expenditure on 
housing has been the same during the past seven years: around 11 percent. The expenditures on 
recreation, culture and religion did not fluctuate much during the past seven years. See also appendix 
1. 6 for social expenditures. 

2.2.6 Education 

The high level of the educational system in Co sta Rica is shown among other things in the high 
literacy rate in 1996 of 93 10 percent. Some figures" explain the educational situation according to the 
total population in 1996: 16 percent went to primary school, 7 percent went to secondary school, 3 
percent was student at a public or private university and another 3 percent was somehow involved in 
preschool, special education or had lessans at a special institution. These figures are a national 
average. The number of students in rural zones is much lower compared with the number of students 
in urban zones, however exact figures could not be found. Figures indicating the number of students 

8 INICEM-Market Data, Costa Rica: Datos e fndicatores Básicos, 6th edition , San José-1996, p.20. 
9 Proyec to Estado de la Nación, Estado de la Nación en desarro/lo hunwno sostenib/e, informe 2, San José-October 1996, p.241 . 
101NICEM-Market Data, Costa Rica: Datos e Indicatores Básicos, 6th edition, San José-1996, p.9. 
11 Panorama Nacional 1995, balance social, economico y ambiental, MIDEPLAN, agoste de 1996, p. l74. 
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active in the construction sector are also hard to get. The only indication can be given by the fact that 
6.5 percent12 of students at state universities graduated as an engineer in 1995. 

2.3 Construction sector 

2.3.1 Economy and the construction sector 

The construction sector is strong related to the fluctuations ofthe economy. Fig.2-4 shows the 
correlation between the growth of the GDP according to construction sector and the growth of the total 
GDP. Small variations ofthe total GDP result in much bigger variations in the GDP according to the 
construction sector. This is applies to increasing as well as decreasing variations. 
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Fig. 2-4 GDP according to the construction sectorl3 

Fig. 2-4 shows also the strong correlation between the annual number of square metres constructed 
and the GDP according to the construction sector. An increase in the number of square metres 
constructed means automatically an increase in the GDP according to the construction sector and vice 
versa. The contribution of construction sector in the total GDP remains constant. Over the past six 
years the average contribution was 3.8 percent. 

Fig. 2-5 shows the correlation between the inflation rate and the GDP according to construction sector. 
The correlation is very strong, but the effect is reciprocal: increase in the intlation rate means a 
decrease of the GDP according to construction sector and vice versa. 

12 Proyecto Estado de la Nación, Estado de la Nación en desarro/la humano sostenible, informe 2, San José-October I 996, p.248. 
13 ibid., p.252 
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Fig. 2-5 GDP according to injlation14 

2.3.2 Major activities construction sector 

According to Fig. 2-6 the Costa Rican construction sector can be divided into four main construction 
areas. We can see that the major activity ofthe construction sector concerns the building ofhouses. 
Over the past seven years more than 71 percent of the total number of square metres constructed 
concerned housing. Commercial buildings took up over 17 percent over the past seven years. The 
building activities for the industry reached almost eight percent of the total area constructed. The last 
group concerns all other construction activities. 
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It is striking that the contribution ofhousing decreases when the contribution of commercial buildings 
increases. The collective contribution of housing and commercial buildings remains almost constant 
between 85 and 90 percent. According to Tab.2-l the total annual number of square metres 
constructed has decreased by more than 27 percent between 1994 and 1996. The number of square 
metres for housing decreased in the same period by 17 percent. 

14 Panorama Naciona/1995, bolanee socio/, economico y ambiental, MIDEPLAN, agoste de 1996. 
15 Cámera Costarricense de la Construcción, 1996. 
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Tab. 2-1 Number of square metres constructedl6 

1990 1991 1992 1993 1994 1995 1996 Average 
Total [m2

] 1,613,324 1,525,737 1,461,735 1,946,188 2,049,387 1,549,776 1,482,791 1,661,277 
Housing 1,131,078 1,219,654 1.027,445 1,303,721 1,352,079 1,120,051 1,118,075 71% 
Commercial 275,741 177,486 233,263 435,216 471,690 230,635 216,937 17% 
In dustry 146,184 90,306 143,416 134,552 141,311 148,790 85,419 8% 
Other 60,321 38,291 57,611 72,699 84,307 50,300 62,360 4% 

2.3.3 Construction materials 

Fig. 2-7 shows the increasing trend in imported construction matenals. The number of square meters 
constructed has been decreasing since 1993 while the number of imported construction materials has 
been increasing. The contribution of imported construction matenals to the total import between 1990 
and 1994 was on average 3.5 percent17

• Fig.2-7 also shows the correlation ofthe imported construction 
materials and the trend in total imports. The export of construction matenals is minimaL 
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Fig. 2-7 import construction materials18 

The major building materials for the constructionsof houses are concrete (walls and floors), wood 
(frames, doors and wood structure) and zinc (roofing sheets). The majority ofthe walls are made of 
blocks or concrete. However there is a slight change perceptible. In 1990, 94 percent ofthe total walls 
of houses were made ofblocks or concrete, while in 1995 the sameratio had decreased to 80 percent19

• 

Concrete and zinc products are made in Costa Rican plants. Primary materials like sand, cement and 
rocks do not have to be imported. According to the periodical Construcción20 the trend in expenditure 
on local cement has an excellent correlation with the trend in the GDP according to the construction 
sector. The variations ofboth trends are almost the same. 

Materials like steeland/oriron have to be imported. The same is applies to sanitary products. For 
prefabricated concrete building systems around 5 percent of the primary materials are imported21• 

Manufacturers import steel, fibres, adhesives and foams generally from the United States. 

16 Cámera Costarricense de la Construcción, 1996. 
17 Panorama Naciona/1995, Ministerio de Planiflcacion Nacional y Politica Economica (Mideplan) 
18 ibid. 
19 Ministerio de Economia, lndustria y Comercio, Direccion General de Estadisticas y Censos 
20 Organo oficial de la Cámera Costarricense de la Construcción, ano 3 I volumen 15 Noviembre 1996, p.l 0 
21 Productos de Concreto S.A., Sistema Prefabricado de Vivienda ZITRO, Estructuras de Concreto S.A., Construcciones Modulares Constru
Pius. 
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2.3.4 Employment in construction sector 

Between 1990 and 1995, the average contribution of employees working in the construction sector in 
relation to the total employed population was 6.5 percent22

• This means in absolute figures that in 
1990,70,753 and in 1995,79,809 employees, worked in the construction sector. Of course one has to 
take into acc'ount the fact that the construction sector indirectly employs a lot more labourers. There 
are many linkages to the industry and commerce. It is estimated that for one direct worker in the 
construction industry, one and a half workers are indirectly employed23

• Appendix 1. 7 contains more 
employment characteristics. 

Fig. 2-8 shows the trend in the registered employees in the construction sector. These figures should 
be interpreted with care because of the fact that in the construction sector many employees are not 
officially registered. It is generally known that many labourers working in the construction industry 
come from Nicaragua and stay (illegally) in Costa Rica. These people are inexpensive (unskilled) 
labourers for the employers. The growth of employees in the construction sector correlates with the 
growth of the GDP according to the construction sector. There is no direct re lation between the trend 
in the total employed population and employees in the construction sector. 
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Fig. 2-8 Employment in the construction sector24 

2.3.5 Research in the construction sector 

The Costa Rican building research centre (Centro de Investigaciones en Vivienda y Construcción 
CIVCO) is a foundation ofthe Costa Rican Institute ofTeclznology (Instituto Tecnológico de Costa 
Rica ITCR). It was founded in 1990 as an institution and is entirely focused on the development and 
impravement of the building sector, in particular to low cost housing. Nowadays it is a well known 
research centre which promotes national and regional policies and co-ordinates its activities with 
public, non-govemmental organisations and private building contractors. 

22 Proyecto Estado de la Nación, Estado de la Nación en desarro/la humano sostenible, infomne 2, San José-October 1996, p.239. 
23 Cámera Costaricense de la Construcción 1996 
24 Estado de la Nación en desarrollo humano sostenible 1996. 
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The objectives of CIVCO are directed towards: 

• impravement of living conditions • quality impravement 
• cost reduction • use of local resources 
• safety impravement • impravement of Iabour efficiency 
• reduction of adverse environmental impact • improved industrial production 

The research areas cover materials and products, building physics, modular co-ordination, structural 
systems, waste and water treatment, human settlements and house design, construction management 
and quality control and training and technology transfer. 

This thesis has been realised with the co-operation of CIVCO. The reported research is part of an 
extensive project and must be seen in the context of the research activities as stated by CIVCO. The 
total project description considers the productivity measurement, construction improvement and material 
usagein a sustainable way in the Costa Rican construction industry. Three students ofthe Eindhoven 
University ofTechnology where chosen each execute a part ofthis project. SeeAppendix 1.8 for more 
detailed information about the CIVCO activities. 

CIVCO 
Centrode lnvesliQociones 

en Vrvienda y Construcdón 

lnstituto Tecnológico de Costa Rica 

Conclusions 

Geography and elimate 
Big differences in altitude, chances of earthquakes or tremors, hurricanes, variabie temperature and 
rainfall are typical Costa Rican characteristics. Characteristics one always has to keep in mind with 
regard to building activities. 

Demography 
The metropolitan area is the economie centre where one third of the total population is living. More 
jobs, education, health services and basic infrastructure caused until the 80s the migration of rural 
population. Tagether with the high population growth, urban population has increased enormously. 

National economy 
Costa Rica is mainly oriented at agriculture, industry, commerce and tourism. The growth ofthe Gross 
Dornestic Product (GDP) has been decreasing since 1992. The main problems ofthe Costa Rican 
economy are the annual inflation ra te, the devaluation of the local currency and the high interest rates. 
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Economy sector level 
The contribution ofthe construction sector according to the GDP has been constantly around 3.5 
percent. The Costa Rican economy has among other things strong influences on the construction 
sector. Whatever the trend in the economy might he, the trend in the construction sector is always the 
same, but the effect is much more extreme. Indicators for the GDP according to the construction sector 
are: the total GDP, the inflation rate, the exchange rate, total area constructed and the expenditure on 
cement. 

Construction activities 
Housingis the most important activity within the construction sector. Over 70 percent of all activities 
concern housing. The annual trend in the total number of square roetres constructed is undulating and, 
since 1994, decreasing. Ifthe contribution ofhousing activities to the total area constructed decreases, 
the contribution of commercial activities increases. 

Local raw materials 
The locally available primary materials are clay, lime, cement, timber, bamboo, sand, volcanic rock 
and other non-metallic minerals. Other primary materials and products (e.g. steel, iron sheets, etc.) are 
more and more commonly imported, mainly from North America. 

Employment 
The growth of employment in the construction sector correlates with the growth of the GDP according 
to the construction sector. Within the labour-intensive construction sector, a lot ofpeople are legally as 
well as illegally employed. The sector does not only employ labourers directly on site, but also a lot of 
employees indirectly in industry and commerce. 
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3 
The housing situation 

3.1 Introduetion 

In the previous chapter the national and sector setting are described. This chapter describes the 
motivation for this research project. The demand and supply of the housing situation for low-income 
groups in Costa Rica come up for discussion. 

3.2 Supply and demand of housing 

The housing situation in Costa Rica is not flourishing. The demand for housing exceeds excessively 
the supply of houses. Urbanisation and high population growth rates of the past have contributed to the 
actual housing deficit. Looking at Fig.3-l it is obvious that the supply of houses has been increasing 
si nee 1965. The economie crisis in Costa Rica during the 80s affected the constructing of houses. The 
annual average number of units built decreased in the period '80-'84 by more than 1,000 units per 
year. Appendix 2.1 contains more housing indicators. 
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199~ 

1996' 

15 



Chapter 3 The housing situation 

After the introduetion ofthe National Financing Systemfor Housing (Sistema Financiero Nacional 
para la Vivienda SFNV) in 1986, the number of constructed houses increased enormously. Nowadays 
the number of houses constructed is decreasing, although official data for the period after 1994 are not 
available. If data from the past are extrapolated, the average annual number of units built between '95-
'96 is seen to be decreasing once again. 

Fig. 3-2 shows the deficit of houses since 1990. To neutralise the total demand there should be twenty 
percent more houses than the actual existing quantity. 
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The deficit consists ofboth the totallack of houses, and the considerable presence ofuninhabitable 
houses. About fifty percent of the deficit caused by the presence of uninhabitable houses, and a bout 
another fifty percent by a lack of houses. We understand by the lack of houses the number ofrequired 
houses minus the number of existing houses. Existing houses are the sum: adequate houses + defective 
houses + uninhabitable houses. · 

In 1995 the deficit was 168,141 houses. In 1995 the average household size was 4.2 persons and the 
total population 3,136,020 inhabitants. We can calculate that the housing deficit affected around 22.5 
percent of the total population. If we also take a look at the number of defective houses, the situation is 
even worse. In 1995 a tota1 number of 180,27927 houses were registered as being defective and actually 
need to be improved. This means that another 24.1 percent ofthe population have to cantend with 
housing problems. Additiona1 information conceming regu1ations are presentedinappendix 2.2. 

3.3 Law-ineome popuiatien 

In general the people who have access to decent housing are those with higher and middle-sector 
incomes. They have access to economie, human, material and actvaneed technological resources for 
housing, and cause the differences in living conditions. The group with the most housing needs is the 
law-ineome group. The majority ofthe poor population accupies dwellings that are far below the 
minimum living standard. The housing alternatives for very poor families are often limited to illegally 
accupation of land and the formation of squatter areas in the peripheral zones of the principal ei ties. 
Tab. 3-1 presentstheshare ofpopulation, for which housing represents significant financial and 
human effort. We see that the situation in rural areas is worse compared to urban areas. 

26 Ministerio de Vivienda y Asentamientos Humanos (MI V AH). 
27 ibid. 
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Tab. 3-1 Poverty figures28 

Urban- 1993 Urban- 1994 Urban- 1995 Rural- 1993 Rural - 1994 Rural- 1995 
Population 1,323,069 1,348,602 1,365,673 1,679,318 1,716,557 1,765,311 
No poverty 67.1% 73.4% 75.5% 55.6% 62.9% 63.8% 
Basic poverty 4.1% 4.2% 3.7% 11.0% 11.1% 10.0% 
Extreme poverty 2.7% 2.2% 2.3% 11.1% 10.8% 10.5% 
No income 1.5% 1.5% 1.2% 2.2% 1.4% 1.7% 
Unknown 24.6% 18.7% 17.3% 20.1% 13.8% 14.0% 

Poverty is defined according to what ex tent income is sufficient for the costs of basic nutrition and 
elementary needs. Basic poverty means that income is sufficient to supply oneself with basic nutrition, 
but not with elementary needs. Extreme poverty means that income is not sufficient to supply oneself 
with either basic nutrition or elementary needs. Elementary needs are for example healthcare, 
education, housing and basic services like electricity and drinking water. We can conclude that the 
target group with the most housing needs is the low-income group. Remarkable is the fact that many 
low-income families are woman-headed households. 

3.4 Governmental finances for social housing 

Access to decent housingis one of the most important factors that determine the quality of life. The 
low-income group in particular depends on the housing opportunities supplied direct or indirect with 
the financial help of the govemment. Since the beginning of this century the Co sta Rican govemment 
was involved in public housing. In the 70s and 80s the economie crisis affected Costa Rica and had 
consequences on the national standard of living. In spite of all govemmental financial help, there was 
no adequate instrument able to decrease the housing problem, especially in the low-income sector of 
the population. Tensions in the housing sector were caused inter alia by2

•: 

• ineffective state policies and projects • decrease in purchasing power of pbpulation 
• increase in costs of building materials • high population growth rate 
• increasing costs of financing • increase in internal (urban) migration 

Illegal occupation of lands became a common way for the low-income population to find housing. 
Especially in the Greater Metropolifan Area (Gran Area Metropolitana GAM) the arising of squatter 
settlements (tugurios) showed the extent ofthe crisis. 

In 1986 the National Financing Systemfor Housing (Sistema Financiero Nacional para la Vivienda 
SFNV) was created (see also Appendix 2.3). This financing system was established to approach the 
problems in an effective and co-ordinated manner with the necessary legal and financial instruments. 
The basic objectives were: 

Promote savings and national and international investments. 
Integrate pubtic and private institutes who finance housing (Mutual Associations, private banks 
etc.). 
Establish the Housing Mortgage Bank (Banco Hipotecario de la Vivienda BANHVI) as a public 
ruling entity. 

28 Proyecto Estado de la Nación, Escado de la Nación en desarro/la lnu11ano sostenible, informe 2, San José-October 1996, p.249. 
29 Landaeta, G., Strategies for Law-ineome housing, a camparalive study on Nicaragua. Mexico. Guatemala, Cuba. Panama. Costa Rica aml 
El Salvador, Lund University, Sweden, 1994, p.258. 
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The Minist1y of Housing and Human Settlements (Ministerio de Vivienda y Asentamientos Humanos 
MIV AH) became in 1986 the leading govemmental agency of the National Financing System for 
Housing. The ministry does not execute building projects itselfbut regulates and finances the 
construction of houses all over the country. Housing programmes promate housing with dimensions 
between 36 and 60 square metres3

" . 

The BANRVI has become the co-ordinating entity ofthe National Financing Systemfor Housing. lt 
works with authorised entities like State Banks and co-operatives. The objective is tomeet the 
constitutional right of all citizens toa decent home. For this purpose the Family Housing Bond (Bono 
Familiar de Vivienda BFV) was created to offer loans. Later in 1991 the National Financing System 
for Housing was reformed and the subsidy metbod for the permitted families (BFV) became a free 
gift. The BANRVI maintains the principle that a family with a monthly income equal to or less than 
four times the minimum salary of an unskilled labourerin the construction industry (1995 ± U$160,-) 
can get a bond for housing. The housing possibilities for low-income groups is schematically 
presented in Fig. 3-3. 
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Fig. 3-3 Access to decent housingfor low-income groups 

3.5 Initiators of social housing 

Looking at the main bodies involved in the development of social housing in Costa Rica, we can 
distinguish the forma! and the informal sector, see Tab. 3-2. The forma! sector can be divided into the 
public sector and the private sector. 

30 Landaeta, G., Strategies for Low-income hou sing. a cotnparative study on Nicaragua. Mexico. Guatemala. Cuba. Panama. Costa Rica and 
El Sa/vador, Lund University, Sweden, 1994, p.260. 
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Tab. 3-2 Initiators· of low-income housing projects 

Formal sector lnformal sector 
Pub/ie Private Pubtic Private 
Governmental institutions Non-governmental Building activities without Building activities without 

institutions legal permission legal permission 
Building contractors 
Legal association 
Private families 

1. Governmental institutions 
The central and local govemment play an important role in the development of law-ineome housing 
projects. The local govemment is responsible for building approvals, inspeetion of building sites, 
infrastructure and basic services. The Mixed Institution of Social Assistance (Instituto Mixta de Ayuda 
Social IMAS) was founded to provide housing for extremely poor families. The National Institute of 
Housing and Urbanism (Instituto Nacional de Vivienda y Urbanismo INVU) is responsible for the 
execution of the national urbanisation and housing plan. 

2. Non-governmental institutions 
The Foundation for Housing Promotion (Fundacion Promotora de Vivienda FUPROVI) is a private 
non-profit development organisation for housing projects. The idea is that law-ineome groups, 
families and communities can participate actively through self-help and mutual-help working methods 
in building their homes. FUPROVI acts as an overall co-ordinator during all phases of the building 
process. Besides FUPROVI there are several entities who are authorised to arrange the Family 
Housing Bond. Some of these entities also develop low-income housing projects, for example 
Coovivienda and Viviendacoop. 

3. Building contractors 
Building contractors play a major role as a developer ofmiddle and high-income housing and a minor 
role indeveloping law-ineome housing. With middle and high-income housing there is considerably 
more profit to gain. 

4. Legal associations 
Families, neighbourhoods or communities aften develop law-ineome housing projects. They form an 
association with legal jurisdiction and co-ordinate financial and building activities. The realisation of 
the project aften takes place by building contractors, through self-construction, or a combination of 
both. 

5. Private families 
A family can be the initiator to a build a house. They can do this by self-help or they can engage a 
building contractor. 

The construction of houses in Costa Rica is also realised in an informal way. In the informal sector 
dwellings are built without legal building permission. Figures conceming informal building activities 
are not available. 
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3.6 Conclusions 

Supply and de mand for housing 
The demand ofhousing is much bigger than the supply. There is a housing deficit of around 150,000 
houses. Th is housing deficit is a combination of a lack of houses and the presence of a number of 
uninhabitable houses. The housing deficit affects around 23 percent of the total population. Besides 
the housing deficit another quarter ofthe population livesin defective houses. We can conclude that in 
Costa Rica both quantitative and qualitative improvements ofhousing are required. 

Law-ineome population 
The families with a middle- or high-income are assured of decent housing. We can conclude that the 
housing problem is mainly restricted to the low-income groups for which housing represents 
significant financial and human effort. The low-income groups can be divided into families that can 
supply themselves with basic primary needs, and a group who can not. The first group lives mainly in 
dwellings far below the minimum living standard. The second group is often living in squatter areas 
under very bad conditions. 

Governmental finances for social housing 
Till the 80s there were no adequate instruments available to decrease the housing problem. Since 1986 
the National Financing Systemfor Housing has been effective, and has the objective to approach the 
housing problems in a co-ordinated manner. The Family Housing Bond was introduced as a subsidy 
method for perm i tted families, and became a free gift in 1991. Th is bond created access to decent 
housing for large parts ofthe low-income group. We can conclude that the financial help ofthe 
government is essential in creating housing possibilities for the low-income population. 

Initiators social housing 
Looking at the main bodies involved in the development of social housing in Costa Rica, we can 
distinguish the formal and the informal sector. The formal sector can be divided into the public sector 
and the private sector. Public bodies are the govemmental institutions. Private bodies are non
governmental institutions, building contractors, legal associations and private families. Figures 
conceming the informal building activities are not available. 
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Methodological issues 
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4 
Theoretica! Issues 

4.1 Introduetion 

The theoretica! basis of this research is explained in this chapter. The problem, aim and relevanee of 
the research are explained. The literature study on production factors and their presentation in a 
theoretica! framework with definitions also get a chance. 

4.2 Research problem and aims of research 

We concluded in the previous paragraph that the housing construction is a major activity of the 
construction sector. We have seen that especially law-ineome housing requires both quantitative and 
qualitative improvements. This research will be focused on the quantitative a spects of housing 
production. We will not pay special attention to the quality aspects ofhousing construction because of 
practical reasons. To determine and judge the quality of a certain unit, one requires insight into the 
quality of raw materials and prefabricated elements as well as the circumstances under which these 
materials are combined into the final product. This may differ for every single unit. Measuring these 
aspects also require special instruments and special knowledge. Some effects of low quality can only 
be seen many years after the unit has been built. 

We have seen that the gaveromental financial help is essential for the low-income population to get 
access to decent housing. The Costa Rican govemment does not have unlimited finances to tackle the 
problem. Because of this fact it is logical to argue that a decrease of the building costs could increase 
the supply of houses. However, this research is not directly aimed at the costs oflow-income housing, 
since several studies already discussed that subject. As a basis for quantity improvements we take the 
construction process oflow-income houses. Improving the performance ofthe construction processcan 
be favourable for the production oflow-income houses. We will evaluate the technology characteristics 
of the construction process. The assumption made for a technology-based evaluation of the production 
process is that once the strength and weaknesses of determining factors of the production process are 
known, it is possible to imprave them. This brings us to the aims of research: 

• The first objective of research is to give suggestions to bod i es in the construction in dustry to 
improve the pelformanee of construction processes of low-income housingin Costa Rica. 

• The second objective is to investigate possibilities of analysing the performance of construction 
processes by application of technology-based research methodology. 
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To give suggestion conceming the impravement ofthe construction process, v.e require detailed insight 
in the various production factors of the construction process. To obtain this insight we use a 
technology-based research methodology. But impravement ofthe production process requires not only 
insight in the production processes but also insight in the circumstances, under which processes take 
place. This is what we call the operating environment. Factors from the environment influencing the 
production process are called productivity factors. One requires understanding the nature and the 
impacts ofthe productivity factors to be able to control them. This justifies the technological approach 
for the analysis of the production process and lead us to the research problem: 

Which determining production and productivity factors farm opportuni ties, problems or constraints to 
imprave the performance of construction processes of law-ineome housingin Costa Rica? 

To answer this question the research problem is split up into four research questions: 
1) By which means injluence productivity factors on sector and nationa/level construction processes 

of law-ineome housingin Costa Rica? 
2) How farm production factors on project level opportunities, problems or constraints to imprave 

construction processes oflow-income housingin Costa Rica? 
3) Is the technology-based evaluation methodology the right methodology to investigate the problem 

as staled in the research problem? 

The first and second research questions are described in the previous two chapters. These research 
questions have to be answered by so called second souree data, which means that an answer is found 
through a (local) literature study. The third and fourth research questions are answered by means of so 
called first and second souree data. Besides a literature study also the field study as described in the next 
chapter will be used to give answers on these questions. 

4.3 Relevanee of research 

We have seen in the previous paragraph that housingis the most important activity in the construction 
sector. Because of the housing deficit in Co sta Rica, both quantitative and qualitative impravement of 
housingis required. We also know that the main activities ofCIVCO are focused on development and 
impravement of in particular low-income housing. This brings us to the starting point of this research. 
The relevanee of the research is defined by the way aims of research can be achieved. The relevanee 
can be split up into a social and scientific contribution. The social contribution refers to the practical 
objective to reduce the housing deficit in Costa Rica. Decreasing the housing deficit benefits a large part 
of the population. Decent housing is after all one ofthe most important factors that determining the 
quality of life. 

The scientific contribution of this research refers in the first place to information a bout production 
factors of construction processes oflow-income houses in Costa Rica. In the second place the 
scientific contribution refers to the theoretica} objective to make a start of a technology content 
analysis. The knowledge collected by this research can be used by CIVCO in order to develop and 
imprave the building sector, in particular low-income housing. 
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4.4 Relevant literature 

The literature found with regard to the production factors in the construction phase of low-income 
housing in Costa Rica has been very limited. Therefore we searched for production factors in the 
construction phase of social housing irrespective ofthe country. 

We drew information from research related to production factors from: 

• Erkelens, P.A. [Eindhoven 1991, p. 85, 142-143] carried out a study fora methad to imprave 
house building by law-ineome groups applied in Kenya. The role of production factors for self
he1p building is descri bed. An improved framework of productivity factors for self-help 
productivity summarised. The discussed production factors are labour, materials, equipment, 
organisation information and generaL The framework of productivity factors is split up into a 
national, household and project level. 

• Erkelens, P.A. [Eindhoven 1985) whose case study in Indonesia covered the most common 
prob1ems related to the execution phase on national and project level. 

• Gaillard, H.C.J J. [Eindhoven 1991 and 1992] wrote down a checklist of variables and a 
measuring instrument for the international comparative study and evaluation of in dustrial 
organisations indeveloping countries. The checklistand instrument contains the evaluation of 
basic characteristics, external relations characteristics, formal structural characteristics, informal 
structural characteristics, management activities characteristics and effectiveness. 

• Gaillard, H.C.J.J. [Eindhoven 1994] the search for an adequate theoretica! framework and 
research strategy on the basis of the ma in groups of variables relevant for the international 
comparitive study and evaluation of industrial organisations in developing countries. 

• Uniled Nations Economie and Social Commission for As ia and the Pacific (ESCAP) [Bangkok 
1989] the cammission developed a framework for technology-based development, namely the 
Technology Content Assessment (TCA). This is an evaluation methad of a production process to 
obtain more detailed insight in the transformation activities. Four technology components are 
discussed; technoware, humanware, inforware and orgaware. 

• Publication afBouwcentrum [Rotterdam, 1984] classification framework ofbuildings and spaces 
contains a checklist of elements, construction, materials and other resources, activities and 
requirements. 

4.5 Theoretica! framework 

The combination of the different literature resulted in the theoretica! framework of the research. The 
theoretica! framework contains the elaboration ofthe research problem. The model explains the 
research variables and the relations between these variables. 
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Fig. 4-1 Theoreticalframework 

The assumption is that every product bas a range of production processes available to produce a 
certain desired output or product. The technology as the transfarmer in production processes, is 
viewed by the ESCAP3

' as a combination ofboth physical tools (hands) and related knowledge 
(brains) to either make or use the tools in that process. Ifthe technology is viewed in this manner, it is 
possible to sub-divided the transfarmer into various components, namely "technoware" ( equipment 
and tools), "humanware" (people), "inforware" (information and documentation) and "orgaware" 
(planning and control). If evaluating the technology components the assumption is made that over time 
an increase can be seen in the: 

• Technoware with more complex possibilities for application 
• Humanware with more skilis 
• Inforware with a higher value of documentation and information 
• Orgaware with an increased quanturn and scope of its opera ti on and management 

If the production and productivity factors are put in the theoretica} framework, this results in a detailed 
theoretica} framework, including descriptions ofthe essential elements to investigate. Definitions and 
descriptions ofthe production factorscan be found in appendix 3.1_ 

We are conscious ofthe fact that the production and productivity factors are not the only factors 
determining the execution of the construction process. If we consider the national and sector as given 
environment, we can distinguish within the building process many other variables which might be of 
influence on the performance ofthe construction process, for example: need from the customers, 
building specifications, design, contract etc. To investigate all these possible influences will, because 
of a limited amount of time available, not be executed. Therefore this research will be focused on 
construction processes because we expect this to be one of the main influential variable. However it 
might be very useful to investigate the other phases of the building process by for example the 
application of the theoretica} framework as stated before as well. 

31 United Nations Economie and Social Commission for Asia and the Pacific 
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Fig. 4-2 detailed theoretica! fi·amework 

4.6 Conceptual definitions 

Input: all the necessary resources directly required for the realisation of the desired output. This 
includes the raw materials such as geo-physical, mineraland biologica! resources and the (semi
finished) prefabricated elements such as chemica!, material and hardware components. 

Throughput: the transformation activity ofthe input into the output by the production factors: 
technoware, humanware, inforware and orgaware. 

Technoware32: object-embodied technology refers to physical facilities such as tools, equipment, 
machines, vehicles, and physical infrastructure. 

32 Aframework fortechnology-based deve/opment. technology content assessment, Technology Atlas Project, Economie and Social 
Commission for Asia and the Pacific, United Nations, p.l8. 
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Humanware33: person-embodied technology refers to human abilities such as knowledge, skills, 
wisdom, creativity and experiences of individual human beings or groups of people. 

Inforware34: document-embodied technology, refers to documented facts such as processes, 
procedures, techniques, methods, theories, specifications, observations and relationships described in 
publications, docmnents and blue-prints. 

Orgaware35: institution-embodied technology refers to organisational framework such as institutions, 
logistical system, management practices, linkages and organisational arrangements. 

Output: the desired one family or single person houses. Main purpose is the provision of shelter from 
the weather and normally designed tostand permanently. Houses may be vertically separated in 
various ways; detached, semi-detached or terraced. Houses are designed for the law-ineome groups 
and have a floor space between 36 and 60 square metres. 

Basic company characteristics: the general characteristics ofthe building contractor. Characteristics 
give an indication about the company size, specialisation and experience in law-ineome housing 
projects. 

Basic project characteristics: the general characteristics of a specific law-ineome housing project. The 
characteristics concern the building site, such as: soillocation, construction area and available 
services. The characteristics also concern the law-ineome houses, such as: average floor space, project 
size and construction system. 

Management characteristics: the characteristics ofthe general management of building contractors. 
The characteristics concern activities such as employment selection, training facilities, directing, co
operation and R&D activities. These characteristics have indirect influence on the building activities. 

National characteristics: the national environmental characteristics36 or institutions ofthe society 
influencing indirectly the construction sector and the construction process of law-ineome housing in 
Costa Rica. In other words the national technology elimate within which the construction sector and 
the construction process operate. 

Sector characteristics: the exchange area or firm environment interface37 where the construction 
processof law-ineome houses is located in. This environment is concerned with direct relations ofthe 
construction process with the bod i es and circumstances of the sector. 

13 A frameworkfor technology-based development, technology content assessment, Technology Atlas Project, Economie and Social 
Commission tbr Asia and the Pacitic, United Nations, p.J8. 
H ibid. 
35 ibid. 
36 Gaillard, H.,The industrialization of developing countries, !he micro-level perspective, part I, CICA 1994, p.8 
17 ibid., p. 7. 
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5 
Empirica! Issues 

5.1 Introduetion 

This chapter describes the set up ofthe explorative research methodology. By descrihing the 
population and research unit the area of research has been defined. The research tools and methods of 
data-coHeetion will next he described as well as the techniques of data-analysis. 

5.2 Population, research-unitand sampling procedure 

Research-unit 
The low-income housing projectsin Costa Rica are considered to he the research unit ofthis project. 
The research variables are described in chapter 4. The research contains both descriptive and 
explorative elements. The descriptive part of the research is to descri he and categorise the variables of 
the different construction systems used in construction processes. The explorative part is to explore 
the re lation between the variables and the influence on the total construction time of a project. We also 
want to explore the applicability ofthe technology-based research methodology. 

Popu/ation 
As we have seen in chapter 3, the most housing needs are related to the law-ineome group. We have 
a lso seen that the main activities of CIVCO are devoted in particular to low-cost housing. Information 
a bout the informal sector is nat available. This brings us to the population of the research. The 
population, or in other words the collection of all the research units, considers all formallow-income 
housing projects. 

Bod i es 
The following bodies in theconstruction phase offormallow-income housing projects are 
distinguished as respondents: 

compr.ny managers and project-managers of small, medium size and large building contractors are 
considered as main target group 
project co-ordinators and project-managers of govemmental, semi-govemmental and non
govemmental organisations 
consultants, architects and engineers are considered as key persons 
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Sampling 
To carry out a sampling procedure, a database with law-ineome housing projects is required, and one 
has to estimate the sample size. Unfortunately in Costa Rica such a database does not exist. The 
database of a farmer investigation conceming law-ineome housing was in the first instanee the only 
available database, however we considered this not as being sufficient. The gaveromental organisation 
where all (formal) building heences has to be obtained, has no database with both the kind (low
income) and the executors (contractor) of building activities. The Housing Mortgage Bank (BANHVI) 
is the co-ordinating entity ofthe National Financing Systemfor Housing (SFNV). They are the only 
one allowed to give subsidies. They work with authorised entities like State Banks and co-operatives 
(for the complete list with authorised entities see appendix 4.1). They own a database with information 
ofthe projects (number, location, square metres), project initiator and the financier. This has been the 
starting point to the formation of a list with law-ineome housing projects and the executors or co
ordinators. 

The projects after 1992 have been selected and brought the total number of 33 projects at ten different 
authorised entities. Six projects were abandoned because of the fact that they consists only of a 
subsidy request for plots and not for house building. Projects executed by the samecontractor were 
also abandoned. The motivation is that we want to campare the working methods as many as possible 
different building contractors of law-ineome housing. Projectsnot qualified as law-ineome houses 
have also notbeen imputed to the sample. 

Visitations and phone-calls to the authorised entities helped with finding the building contractors for 
the housing projects. This resulted in a population of 20 building contractors. A sampling at that 
number was not necessary anymore. Due to time and financiallimitations (some building contractors 
were located too far away) it was not possible to visit all the building contractors. Others were not 
willing to co-operate with the research. Finally 15 questionnaires were filled in with infomation about 
law-ineome housing projects. Two questionnaires have been filled in by prominent persons (key
persons) with many years of experience in law-ineome housing projects. The list of investigated 
projects and the list with interviewed contractors are respectively presentedinappendix 4.2 and 4.3. 

5.3 Research tools, methods of data-collection 

Data-col/eetion 
The field study was carried out in the period between October 1996 and April 1997. A combination of 
different methods of data-coBeetion has been used during research. The two primary methods have 
been a first, general and localliterature surveys and second, local interviews. Literature and local 
project documents and reports have been used to answer research question one conceming 
productivity factors on national and sector level. The experience of the building contractors according 
to the construction phase of law-ineome housing has never been put down in writing. Therefore the 
other primary metbod of data-collection has been personnel visitations and interviewing of 
respondeP.ts. 

The choice is made for personal visitations instead of using telephone or mail. There are several 
disadvantages of an interview via telephone. Experiences of previous researchers figured out that 
respondents will give fewer co-operations compared with personal visitations to respondents. Within 
this research project there are also too many questions to ask by telephone and besides it should be 
confusing to read all the answering possibilities of the structured checklist of which the respondent has 
to choose from. Another disadvantage is the insufficient knowledge by the author of the Spanish 
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language to understand clearly and write down all the answers during a conversation by telephone. 
The disadvantages of a mailed questionnaire have been experienced in the past when very few 
responses were received on mailed questionnaires. Finally the experts at CIVCO expected a very low 
response on mailed questionnaires and advised personal visitations to respondents. 

Personnel visitations and interviewing of respondents has besides advantages a lso disadvantage. 
Besides the higher costs, personal visitations cost a lot of time (travel, waiting and interview). 
Organising appointments is very difficult, especially more interviews on the same day. The advantage 
of personal visitations is the opportunity to ask questions and the control over the filling in of the 
answers. If questions are indistinct they could be explained. 

Unstructured interviews and site observations are used as secondary methods of data-collection. This 
information is also used for checking the collected data. 

The unstructured interviews with authorities, CIVCO employees, govemmental and non
govemmental organisations have been useful for obtaining additional information. 
The visits were made to low-income housing projectsin progress and to finished projects. Actual 
visits to project areas during the progress of work gives a clear impression of the Costa Rican 
situation. Pictures which underline certain circumstances in the area can be helpful in analysing 
the research results. Such observations can round off an impression and have to be considered as 
subjective support to the research. 

Farm ofinstrument 
The instrument will consist of a semi-structured interview. This means that the questionnaires contain 
different types of questions. All respondents have to fill-in as much questions as possible. The 
interview starts with instructions for the respondent. It gives an idea ofthe background and the 
objective of research. The introduetion a lso explains the structure of the interview and what kind of 
subjects the respondent can be expected. 

For general background information ofthe respondent there are different questions on the general 
information sheet. The question about the use of equipment is structured in a checklist. Withalocal 
literature study and conversations with experts of CIVCO, the checklist with most used equipment was 
made. However, the main part contains structured questions. The literature from Gaillard formed the 
basis for these questions. The limited numbers of open questions have been used to reduce the amount 
of writing work. Open questions are a lso difficult to analyse in a latter phase. 
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For detailed information about the complete questionnaire in English, the reader is referred to 
appendix 4.4. For detailed information about the Spanish version ofthe instrument, the interested 
reader is referred to a separate questionnaire that is available on request from the author. 

Pre-test of the instrument 
The questionnaire has been screened by two professionals and therefore able to comment. In order to 
reduce interview time, absolutely irrelevant questions have been deleted. Some questions have also 
been restructured. Also some of the into Spanish translated questions were reformulated. To increase 
the reliability the answers given by the key-persons will be used as a reference. The observations 
made by the author during the visitation to projects and the unstructured interviews also serve as a 
cantrolling method. 

5.4 Techniques of data-analysis 

Processing of answers 
The complete overview ofthe collected data is presentedinappendix 4.5. A descriptive statistica! 
data-analysis will be carried to analyse the collected data. Scores, averages and percentages are 
calculated from the structured interview, and the nature ofthe answers ofthe open questions will be 
analysed. The most important production factors per construction system in Costa Rica can be found. 
Th is has to result in an overview of the most important factors determining the construction time of 
projects. Efforts will he made to establish whether there is any relation between construction time and 
data of the production factors. Ho wever more than a general impression is not expected. 

The projects will he ranked according to the average production output measured hy the numher of 
square metres constructed per working day. First by camparing all projects with each other we will do 
the search for relations between construction time and project characteristics. Second the projects are 
divided into groups with the same construction method. The projects will also he ranked according to 
the production output. We will search for similarities, relations and differences between the projects 
with the sameconstruction system. We will search for reasons why one project has a higher or lower 
construction output than another. 

The developed technology-based research methodology will be tested hy the samedata as used in the 
descriptive statistica! data-analysis in chapter 7. The results from this analysis will be compared with 
the results ofthe descriptive statistica! data-analysis. Finally the methodology will he evaluated. 
This should result into recommendations concerning the applicability ofthe model. 

32 



Part three 

Results and analysis 

Of 

Field study 

33 



34 



6 
Descriptive statistica! 

data-analysis 

6.1 Introduetion 

The determinative elements for the production process and the metbod of research have been reviewed 
in part two. In part three the focus is on the results ofthe descriptive statistica} data-analysis and the 
technology-based evaluation method. The results and conclusions from the interviews and 
observations held during the fieldwork-period in Costa Rica are presented in this chapter. 

First the general characteristics of the production factor are described. These results form the basis for 
the answers on research question two. The question that bas to be answered: How farm production 
factors on project level opportunities, problems and constraints to imprave construction procesess of 
law-ineome housing in Cast a Rica? The conclusions of the descriptive data-analysis are the partially 
answer on this question. The conclusions are based upon the corresponding characteristics of all 
projects with the highest production output [m2/working day], irrespective ofthe construction system. 
To verify these conclusions we separately searched within the construction systems Prefa PC and 
concrete blocks for the corresponding characteristics among the projects with the highest production 
output [m2/working day ]. These conclusions are respectively presentedinappendix 5. 6 for the Prefa 
PC system and appendix 5. 7 for the projects built with concrete blocks: We assume that similar 
conclusions drawn on these three separately methods for the same production is sufficient to make it 
an overall condusion which will be presented in chapter 8. 
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6.2 Characteristics of production factors 

6.2.1 Basic project characteristics 

Building system 
Most used building systems for low-income houses are Prefa PC, Zitro and Concrete blocks. 80% of 
the low-income housing projects use a prefabricated building system. More specified: 60% Prefa PC, 
13% Concrete blocks, 13% combination ofbuilding systems, 7% Zitro , 7% Bamboo. 

In all cases the construction of the foundations and floor beds is cast in situ. The external walls mainly 
use prefabricated elements, while the internal walls are mainly constructed on site. Prefabricated 
internal walls are not often applied, while this could be favourable for decreasing of the construction 
time. Roofs, frames and doors are also mainly made on site. Appendix 5.1-5.4 shows a graphical 
presentation ofthe four main construction systems for low-income housingin Costa Rica. 

Construction characteristics per element is based upon the literature study and observations: 

• Foundations: constructing the foundation is a very labour-intensive job. This is done by hand with 
pickaxe and shovel. I have seen labourers digging holes in a stony soil with huge rocks. This 
meant a tough and uneconomic job because it took twice as much time as expected and the holes 
usually became bigger than necessary. However the foundation ofthe Prefa PC system is easier to 
construct than the foundation of the other systems. Where Prefa PC uses only column
foundations, the other systems require a foundation underneath the complete length of the walls. 
Th is implies lots more digging activities, which is a Iabour intensive and time consuming job in 
the mainly solid Costa Rican soil. The Prefa PC building system use foundations underneath the 
columns, reinforcement is not applied. The required holes have the following dimensions: 30 cm 
length, 30 cm width and 80 cm depth for each prefab column. The Zitro system requires a trench 
of 20 cm width and 30 cm depth undemeath the full length of the walls. The foundation for walls 
made out of Concrete blocks requires a reinforeed trench of 40 cm width and 20 cm depth 
underneath the complete length of the walls. The foundations have a minimal strength of 210 
Kg/cm2

• 

• Floor beds: are made of cast in-situ concrete with minimal strengthof 175 Kg/cm2
• Used matenals 

are (low quality) stones fora layer of ballast, concrete and optional a top layer of cement, sand 
and waterwithor without pa ving stones. Floor beds: consist of a layer ofbroken stones (ballast) 
of 10-15 cm and a concrete layer of 8-10 cm sheet pil ing. 

• External walls: the Prefa PC system use horizontal reinforeed concrete elements. lfthe columns 
are placed, one has to put the elements between the concrete columns. Horizontal and vertical 
seams have to be tilled up with mortar. Because of the shape of the columns it is easy to put in 
dectrical pipe work. The Zitro system use vertical reinforeed concrete elements, joined to each 
other, cramped in the foundation. The vertical elements have to be supported by wood bars as long 
as they are unstable on their own. Vertical seams between the elements have to be filled up with 
mortar. Special elements with provisions for electrical installations are obtainable. The Concrete 
blocks are vertical and horizontal reinforeed with steel bars. All systems use a top-beam used for 
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the stabilisation made out of wood, steelor concrete. The main used material for extemal walls is 
concrete (prefabricated blocks or elements). Appendix 5.5 (tab. 5-7) shows the materials used per 
wall-type. The walls made ofprefabricated elements are relative easy and fast to construct 
compared with the walls made of concrete blocks or bamboo. Insulation (against coldat night or 
heat by day) is never applied. The Zitro vertical elements require all to be adjusted vertically, 
while the Prefa PC system requires only the columns to be adjusted vertically. On average a Prefa 
PC wall of 6 metres length requires five columns37 to be adjusted. A Zitro wall with the same 
length requires on average eigth panels38 to be adjusted, which is more work. Besides, the Prefa 
PC columns and horizontal elements are much easier to handle because of less weight compared 
with the Zitro elements. A standard Prefa PC column (2.7 m) has a weight of 103 kg39

• A standard 
Prefa PC horizontal element of 1.5 meter has a weight of 68 kg10

• A standard Zitro vertical 
element (0.75 x 2.6 m) has a weight of 175 kg". That means that during the construction of a Prefa 
PC wall at least 2 or 3 labourers are necessary and during the construction of a Zitro wall at least 4 
labourers are necessary for carrying the elements. Making walls of Concrete blocks is a Iabour 
intensive job. The bamboa walls also require at least three phases. First the two construction of 
two layers concrete blocks to avoid the contact between the bamboa frame and soil. Second the 
placement of the frame and third plastering the frames. A big advantage of the bamboa 
construction is the combination of the lightweight and the strength of the material in case of an 
earthquake. 

• Intemal walls: the main used materials for intemal walls are wood and concrete. Appendix 5.5, 
(tab. 5-8) presents the various types of intemal walls used in social housing. In general the internat 
nucleus of a dwelling is mainly made with the same materials as the outside walls. The nucleus 
concerns mainly the bathroom and care for the stability of the house. Houses built with Concrete 
blocks use blocks for the extemal walls as well as internal walls. The houses built with 
prefabricated concrete elements usually have a bathroom made with prefabricated elements. Other 
interna I walls, if present, are usually made of cheaper materials like a wood structure combined 
with wood or cement sheets. 

• Floors: single-storey dwellings are very common, while two-storey dwellings are almost never 
built for low-income housing. One investigated project created the opportunity for the future 
owners to construct a second storey. These dwellings were provided with a wood hearing 
structure, which had to be finished by the future occupant. 

• Roofs: lightweight constructions are used to make the roofs. In general the roof-constructions are 
made of a wood structure combined with galvanised roofing sheets. If the available financial 
frameworkis generously, a steel frame is often preferred above a wood frame. The frameworkis 
made on site and covered with galvanised roofing sheets, quality #28. The top is covered with a 
galvanised roofing strip quality #26. A gutter is optional. With regard to possible earthquakes it is 
better to have a lightweight roofthan a heavy one42

• 

• External and internat frames and doors: more than one-third is prefabricated frames and doors, the 
rest is made on site. The used materials are wood frames and plywood doors. Bamboa houses 
sometimes use doors made of Bamboo . The prefabricated frames and doors are applied at the 
projects with the highest production output that means that this construction method might 
contribute to the total construction time. At many projects the frames and doors are made on site. 
This is not necessary a bottleneck for the construction time, which depends on the planning and on 
the number of employees available. 

37 Disei\os de casas, Sistema Prefa PC, Productos de Concreto S.A., San José, 1997, p. IJ. 
38 Manual Técnico, Sistema Pretàbricado de Vivienda Zitro, San José, 1997, p.J . 
39 Un concepto consolidado en vivienda prelàbricada, Sistema Pretà PC, San José, 1997, p.4. 
40 ibid., p.2. 
41 Manual Técnico, Sistema Prefabricado de Vivienda Zitro, San José, 1997, p. 3. 
42 Janssen, J.J.A ., Bouwtechniek voor ontwikkelingslanden, Technische Universiteit Eindhoven, dictaat 7859, 1994, p.84. 
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Location 
More than 80% ofthe investigated law-ineome housing projects are situated in the central region43of 
Costa Rica. The projects in the province of Guanacaste built with Prefa PC have the highest average 
construction time. See also Appendix 5.5, (tab.5-l). 

Soil type and soil gradient 
The soil usually contains a mixture of clay, sand and (volcanic) rocks. Clay is the most common 
element in the soil ofthe investigated projects (80%). Because ofthe hilly Costa Rican landscape 40% 
of the projects are built on ground with a slope. This means extra work to create a terraeed 
construction area. Appendix 5.5, (tab. 5-2). 

Floor space houses 
The minimum floor space is 36m2

, the maximum floor space is 60m2
• Appendix 5.5, (tab. 5-3) shows 

that the average floor space of the houses of the investigated projects is 44.7 m2
• 

Construction period 
Appendix 5.5, (tab. 5-4) presents that the majority ofprojects had to deal with both the dry and rain 
season during the construction period. Bad weather due to have rainfall is mentioned as one of the 
main causes for time deviation during construction. 

Project size and site area 
148 houses is the average number per project. The size of a project has no direct influence on the 
construction time of the houses. Th ere seems to be a re lation between the average site area per house 
and the construction time. Less area per house is favourable for the construction time. One exception 
must be made for the project built with Concrete blocks (A). See also Appendix 5.5, (tab. 5-5). 

The number of houses per project differs from 37 till 322 houses. There is no relation between the 
project size and the construction time. Consiclering several conversations with contractors and the 
observed urban drawings, it can be said that 60% of the total construction area is used for plots, 40% is 
used for roads, parks, children playground, commercial activities, etc. The average ratio plot 
surface/tatal construction area is 49.5%. The minimum ratio is 16%, the maximum ratio is 74%. The 
average ratio housing surface/plot surface is 29%. The minimum ratio is 15%, the maximum ratio 
42%. 

Available services 
Appendix 5.5, (tab. 5-6) shows that the supply of water and electricity is no problem in Costa Rica. All 
the projects could use bath during construction. Half of the projects had a telephone conneetion on 
site, portable phones not included. During observations we have seen that mainly the project managers 
and sametimes the foremen are equipped with a portable phone. 

43 Central region is defined according to: Sistema de Regionalizacion del Ministerio de Planilicación Nacional y Politica Económica, decreto 
(regulation) No. 16068-Pian de 15 de Febrero de 1985. 
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6.2.2 Input 

Raw materials 
Problems with the supply and quality of raw materials exert influence on the production time. 40% of 
the projects mention problems related to the quality or supply of wood. Especially the wood structures 
made on site experience problems (intemal walls and roofs). Irregular quality and dimensions ofthe 
delivered wood are common examples. The bamboa project is the only one who supplies the major 
building materials by themselves. The bamboo plantation and the bamboo plant where prefabricated 
elements are constructed are all managed by the same organisation. This can prevent the mentioned 

" material problems. 

Prefabricated elements 
53% ofprojects mentioned supply or quality problems regarding prefabricated concrete wall elements. 
The supply and quality of prefabricated materials is a matter of trouble during construction. The 
building contractors depend on one supplier of the prefabricated elements. This causes mainly the 
supply problem. Bad quality ofmaterials in combination with transportation (along the bad 
infrastructure) cause damaged or useless materials for construction once arrived at the site. 

6.2.3 Throughput 

Technoware 

Type of equipment 
In general the construction oflow-income houses go tagether with the use ofvery basic tools. Almost 
three-quarter of the tools is non~electric and the rest are powered tools or machines ( electric 
equipment). The use ofpowered tools and machines is nota matter ofthe size ofthe company 
(employees) or the size of the project ( dwellings ). At Prefa PC projects on average the maximum 
number of respectively electric and non-electric equipment is used. Contractors use averagely less 
equipment to built houses of Bamboo, Concrete blocks and Zitro compared with Prefa PC systems 
(29% less non-electrical equipment and 45% less electrical equipment). At the Fuprovi selfhelp 
building project the minimum number of equipment is used, while Prefa, Zitro and Concrete houses 
are build and the production output is reasanabie This means that for the discussed building systems 
no special equipment is required. The average equipment distribution per building system is presented 
in appendix 5.5, (tab. 5-10). 

Common powered tools and machines are concrete mixer, soil compactirig machine, electric drill, 
sanding machine and the electric saw. Sametimes specialised subcontractors are better equipped with 
more advanced tools and machines. The combination of the building system and equipment causes a 
Iabour intensive construction methad for low-income houses. Appendix 5.5, (tab. 5-11) shows the 
average number of electric equipment per building system ofthe most common powered tools and 
machines. The percentages of used electric and non-electric equipment per element are shown in 
appendix 5.5, (tab. 5-12). 
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Maintenance of equipment 
53% ofthe equipment is maintained by an extemal organisation. Labourers ofthe company and 
employees on site maintain around 33% ofthe equipment and for 7% there is no maintenance at all. 
Equipment maintained by an extemal organisation has sametimes to be transported to that enterprise. 
This means that it can not be used for several days or weeks, which for example depends on the 
difficulty of obtaining parts. This can cause a delay in construction time. Appendix 5.5, (tab. 5-13) 
presents a common way the equipment is maintained. 

Available spareparts 
71% ofthe building contractors havenospare partsin stock. 29% ofthe building contractors do have 
spare parts in stock. The way spare parts are available for simple, common or complicated 
maintenance or repair can beseen in appendix 5.5, (tab. 5-14). 

Hu manware 

Quantity of employees 
The quantity of employees working on site is presentedinappendix 5.5, (tab. 5-15). The quantity of 
employees per house differs a lot between the different projects. The number of project managers and 
foremen related to the skilled- and unskilled labourers is approximately as follows: 

• Prefa PC (A): balanced quantity of project managers and foremen. Half ofthe foremen are 
temporary. The majority ofthe skilied and unskilled labourers are temporary. 

• Prefa PC (B): twice as much foremen as project managers. No temporary project managers or 
foremen. Three-quarters of the skilied labourers are permanent labourers. The number of 
permanent and temporary unskilled labourers is fifty-fifty. 

• Concrete blocks (A): few employees per house. Permanent project managers and foremen. 
Temporary skilied and unskilled labourers. 

• Concrete blocks (B): five times as much foremen as project managers. Permanent project 
managers and foremen. A lot of skilied and unskilled labourers which are all temporary. 

• Zitro: the number of project managers is equal to the number of foreman. There are no temporary 
project managers or foremen. The number ofunskilled labourers is twice as much as the number 
of skilied labourers. There are no permanent skilied and unskilled labourers. 

• Bamboo: the number of project managers is the same as the number offoreman. There are no 
temporary project managers or foreman. No data available about the skilled- and unskilled 
labourers. 

• Fuprovi: at each project there is a project managers, a foreman, a technician and a social worker in 
staff. The staff co-ordinates all the project activities. There are no temporary staff employees. The 
skilied and unskilled labourers are formed by the future habitants of the houses. 

Experience employees 
Project managers and foremen have in general a lot of experience with the construction system ofthe 
project. Except Concrete blocks group B, more than 80% of the project managers and foremen have 
experience with the construction system. The experience with the construction system is in general 
proportional to the working experience of the construction system of the project. The project with 
Concrete blocks group A and Zitro have in contrary to the other projects much more experienced 
employees. For experiences of the employees with the building metbod see appendix 5.5, (tab. 5-16) 
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Knowledge employees 
Appendix 5.5, (tab. 5-17) shows that a higher education level corresponds with a higher position in the 
hierarchy ofthe employees on site. The majority ofthe project managers finished university. 
Sametimes project managers finished higher education or secondary education. These employees with 
less education do in general have a lot of experience with the building system, for example Concrete 
blocks group Band Zitro . At Zitro , Bamboa and Fuprovi projects all foreman foliowed higher 
education. The majority ofthe projects build with Prefa PC and Concrete blocks (A) the foremen 
foliowed secondary education, except the project build with Concrete blocks (B) where the foremen 
finished primary education. Only the majority ofthe skilied labourers workingat Zitro project 
foliowed higher education. At other projects secondary and primary school is most common. Most of 
the unskilled labourers finished primary school, some did not finish any education at all. 

Absenteeism employees 
Absenteeism of employees is mostly concentrated to the skilied and unskilled labourers, see appendix 
5.5, (tab. 5-18). Problems with office personnet or project managers are insignificant. Common 
problems with foremen are insufficient employees and insufficient skilis and knowledge. Reasons for 
absenteeism are alcohol and iliness but in very few cases. 

Insufficient employees, insufficient skills and knowledge and few motivations are common problems 
concerning skilied and unskilled labourers. Typ i cal is the irresponsibility of these employees, which is 
expressed in many cases when they do not even show up at work. In 69% of all cases alcohol is the 
cause of absenteeism for skilied and unskilled labourers. This is more common on Mondays and after 
holidays. A problem for unskilled labourers is sometimes also drug abuse. 

The employment (permanent or temporary), experience and knowledge ofthe different kinds of 
employees are compared in an overview, see appendix 5.5, (tab.5-19). 
• Project managers: the management oflow-income housing projectsis not changing very much. 

Project managers occupy a steady position in the organisation. They are working permanent in the 
organisation and have a lot of experience. The majority graduated at the state university or 
secondary education. 

• Foremen: two-third of the foremen has a permanent job and lot of experience. Almost half of them 
graduated at the secondary education. 

• Skilied and unskilied employees: most common probierus are presentedinappendix 5.5, (tab. 5-
18). llrree-quarter of the skilied and unskilied labourers are temporary employed. The majority of 
the skilied labourers finished primary school and several secondary education. The majority of the 
unskilled labourers finished primary school. The skilied labourers have more experience and more 
knowledge about building techniques compared with the unskilled labourers. 

lnforware 

Specialist literature 
Few building contractors are subscribed to local or foreign specialist magazines. In contrast to the 
management ofthe Concrete block (A) project and the Bamboa project who receive several 
magazines. There is no direct re lation between the number of literature available and the construction 
time. Appendix 5.5, (tab. 5-20). 

Planning, machine and technica! documentation 
Appendix 5.5, (tab.5-21) shows that in general the building contractors have a lot of documentation 
available and in use. At most projects progress control techniques, manuals of machines, construction 
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procedures and norm and regulations are available. In general documentation regarding time planning 
procedures, specifications of machines and documents forrner projects are less available. It is striking 
that the projects built with Concrete blocks (A) do not have any planning documentation at all, while 
at all Prefa PC (A) projects planning documentation is used. Specifications of machines are fewest at 
Prefa PC projects. Documents about farmer projects are not used at projects built with Concrete 
blocks (B), Bamboa and Fuprovi. As wellas in documents the computer is on average more used to 
keep inforrnation, see appendix 5.5, (tab.5-22) . 

Materialand equipment databases 
Appendix 5.5, (tab. 5-23) shows that more than 80% ofthe investigated projects have a database 
regarding materialand equipment information at one's disposal. Only some of Prefa PC (B) projects 
are not supplied with material or equipment databases. The majority of the databases are stared in the 
computer. Appendix 5.5, (tab. 5-24) presents the database characteristics. 

Orgaware 

Quality control materials 
Quality control of building materials during construction is very scarce. Concrete elements, mostly the 
main construction material, are generally the best controlled. This is mainly done visual on site. 
Besides concrete also wood is often visual controlled when it arrives at the building site. Some 
building contractors use simple instruments on site for quality control of materials. The use of these 
instrumentsis however very limited. See also Appendix 5.5, (tab.5-25) . 

Safety precautions 
Many accidents take place on the building site••. Ho wever safety of the employees seems to be 
unimportant. Eye proteetion during welding is the only reasanabie proteetion used for employees. 
Second best is the use of helmets during construction. At the projects built with Prefa PC materials, on 
average most precautions are taken. At the Bamboa and the Fuprovi project no safety precautions at 
all are used. Appendix 5.5, (tab. 5-26) shows the data. 

Directing on site 
Appendix 5.5, (tab. 5-27) presents problems, complaints and inforrnation asked by employees on site 
is mainly verbally arranged. The staff seldom gives a written answer. Only at Prefa PC (A) projects 
fifty percent of the inforrnation asked by employees is written or verbal and written responded. In 
general project managers and foremen have daily meetings with the skilied and unskilled employees 
on site. During these meetings, besides project planning, also problems and complaints have been 
discussed. 

Stealing ofmaterials and equipment 
Stealing ofmaterials seemsnot to differ from projects elsewhere in the world. At 80% ofthe projects 
at least once materials were stolen and at 47% ofthe projects at least once equipment was stolen. At 
the Bamboa and Fuprovi project never materials or equipment were stolen. However at most projects 
there are not very much building materials in stock. Most equipment and materials in stock are after 
working time locked in a starage place. During building there is mainly one employee responsible for 
the administration and spending of equipment and materials. See also Appendix 5.5, (tab. 5-28). 

44 Derks, M.A.P.H ., Análisis e identificación de la problemática en el procesode la ejecución de vivienda de interés socialenCosta Rica, 
January 1996. 
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Site proteetion 
It is very common that materials or equipment is stolen from a building site in spite of the fact that 
67% of the projects are protected by a security guard and 20% of the projects are protected by a 
locked fence and security guard. 13% ofthe projects have no proteetion at all. As wellas criminals 
a lso employees on the site and neighbours of the project can be the cause of losing materials and 
equipment. See also Appendix 5.5, (tab.5-29). 

Materials in stock 
Materials are seldom in stock. Due to sun, sand and wind materials are affected very soon. If materials 
are required one cantacts the supplier and it takes some days before the materials are delivered. 

6.2.4 Output 

Law-ineome houses 
The output ofthe production process must fulfil the definition oflow-income houses as described in 
appendix 2.2. The output characteristics ofthe investigated projects are presentedinappendix 5.5, 
(tab.5-30). 

Construction time 
Appendix 5.5, (tab. 5-31) presents the average production-speed [m2/working day] ofthe investigated 
projects by building system. These figures are used for the comparison ofthe different projects and to 
draw conclusions. The project build with Prefa PC and Concrete blocks are split up in two groups, A 
and B. Group A concerns all the projects with a construction speed of more than 40 m2/day. Group B 
concerns the other projects. If the average per building system is counted, Prefa PC systems are the 
fastest production method. The Zitro system is second bestand the self-help Fuprovi system holds a 
third place. The prefabricated building systems are thus the fastest way to build a dwelling. It must be 
said that of the Zitro, Bamboa and Fuprovi building system, only one project has been investigated. 

At 61% of the investigated projects bad weather was mentioned as one of the reasons for time 
deviation. Out of 13 projects, 3 times additional work, lack of materials and a Iack of funds were 
mentioned as a reason for time deviation. 2 times lack of labourers and problems with services were 
mentioned as a reason. The delay of time differs from 17% - 89% more than planned, one project 
mentions 25% less than planned. 

6.2.5 Basic company characteristics 

Company size 
Appendix 5.5, (tab. 5-32) shows that 75% of Prefa PC (A), Concrete blocks (A) and Zitro project 
employ less than 15 employees. These projects have the highest production output per day. 80% of 
Prefa PC (B), and the Bamboa and Fuprovi projects employ more than 15 employees. These projects 
have Iess production output. Project Concrete blocks (B) is the exception to the rule. 

Specialisation 
4 7% of the building contractors are all round and have experiences with different building activities. 
27% of the building contractors is specialised in low-income housing and do not explicit have a higher 
production output than those with another specialisation. See for data Appendix 5.5 (tab. 5-33). 
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Experience law-ineome housing 
There is no company that has no experience with the construction system of all the investigated 
projects. More experience does not always automatically leadtoa faster construction time as can be 
seen with projectsof Prefa PC (B) and Fuprovi. See for data Appendix 5.5 (tab. 5-34). 

6.2.6 Management characteristicscompany 

Employment selection 
Toreeruit project managers and foremen, personnel recommendations mainly used. Also an often
used methad is to review school or study certificates. Besides these methods interviews by superiors 
and practice testing on the job have been used. To reeruit skilied and unskilled labourers very common 
is a practice-testing period on the job. Sametimes personnel recommendations are also used for 
employment selection. See also Appendix 5.5, (tab. 5-35). 

Training facilities 
There are many training facilities for employees. More than 90 percent ofthe project managers and 
foremen and more than 60 percent of the ski lied- and unskilled labourers have some kind of training 
or education. Training on the job is the most common training facility, certainly for the skilied and 
unskilled labourers. The other ways of training employees refer most of the time to project managers 
and foremen. See also Appendix 5.5, (tab. 5-36). 

Up-down directing 
At almast all the projects up-down directing occurs often (more than 1 time each two weeks) on a 
verbal way during meetings. Notice board s or personnel letters are very seldom used. See also 
Appendix 5.5, (tab. 5-37). 

Co-operation characteristics 
There are very few co-operations between contractors and other associations. The co-operation 
between building contractors and the "Cámera Costarricense de Construcción" is the most common 
one. Contractors also co-operate with the govemment mainly to get the building permit and other 
official papers. Universities or higher educational institutes co-operate only with the middle-sized and 
big building contractors. See also Appendix 5.5, (tab.5-38). 

R&D activities 
Research and development activities are not very common for the management ofthe building 
con tractors. At around one-third of the building contractors employees spend at random or half time to 
R&D activities. Employees spending full time on R&D activities are only working at big building 
con tractors. There is no significant re lation between building speed and the presence of R&D 
employees. See also Appendix 5.5, (tab. 5-39). 

44 



Chapter 6 Descriptive statistica! data-analysis 

6.3 Conclusions descriptive data-analysis 

Introduetion 
The conclusions in this chapter concern the production factors of the construction process of low
income houses in Costa Rica. The different projects with different construction systems are compared 
with each other according to the average production output, see appendix 5.5, (tab. 5-30). The 
assumption has been made that similarities between the four projects with the highest production 
output are favourable for a relative high production output. The same has been applied for the other 
projects with the relative low production output Similarities between these projects are labelled as 
unfavourable for the construction time. The conclusions have to be treated carefully because of the 
fact that the number of projects might not be a complete representation of the real situation. 

A detailed time and motion study has to be executed to give conclusions concerning the optima! 
number of employees per project We can only give some general characteristics. Mutual relations 
between different production factors are almost impossible todetermine this way. 

6.3.1 Basic project characteristics 

Building system 
• Foundations andjloor beds: construction ofthe foundations and floor bedsis cast in situ and is a 

very labour-intensive job. Mainly done by hand which implies a time consuming activity. 
• External walls: prefabricated building systems are favourable to minimise the construction time. 

The prefabricated construction systems are easier to use in contrast to traditional, with concrete 
blocks constructed houses. Contractors do nothave to he specialised in building low-income 
housing to use prefabricated systems. There is no minimal education level necessary for 
employees to work with prefabricated construction systems. 

• Internat wa/Is: interna i nucleus of a dwelling is mainly the bathroom and made out of the same 
materia is as the outside walls. Other in tema! walls, if present, are mainly constructed on site and 
made of a wood structure combined with wood or cement sheets. 

• Floors: are airoost never applied in low-income housing projects. 
• Rooft: lightweight constructions are used to make the roofs. In general the constructions are made 

of a wood structure combined with galvanised roofing sheets. 
• External and interna/frames and doors: more than one-third ofthe external and internal frames 

and doors are prefabricate?, the rest is made on site. Prefabricated frames and doors are 
favourable to lower the construction time. Instead of making them on site, they could be 
prefabricated on the condition that they have a reasonably tolerance. It is favourable to use 
prefabricated frames and doors in combination with a prefabricated building system. Prefabricated 
building systems are built according toa certain metric system as aresult ofthe fixed dimensions 
of the prefabricated walls. 

Floor space houses 
• The average floor space of a low-income housing unit is 45 m2

• 
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Project size and site area 
• There is no relation between the project size and the average construction time of a house. The 

number of houses per project differs from 37 till 322 houses. In general around 60% ofthe total 
construction area is used for building plots, 40% is used for roads, parks, children playground, 
commercial activities, etc. 

Location 
• More than 80% ofthe investigated law-ineome housing projects are situated in the central region 

of Costa Rica. 
Construction period 
• Bad weather, additional work during construction and lack of labourers are main reasans for time 

deviation. 
Soil type and soil gradient 
• The soil usually contains a mixture of clay, sand and (volcanic) rocks. Clay is the most common 

element in the soil of the investigated projects. Because of the hilly Costa Rican landscape 40% of 
the projects are built on ground with a slope. 

Available services 
• During construction the supply of water and electricity is no problem in Costa Rica, taking into 

account the regular power and water malfunctions. 

6.3.2 Input 

Raw materials and prefabricated e/ements 
• Common material problems are the irregular supply and low quality of building materials, which 

is not favourable to lower the construction time. Most mentioned probieros are related to the 
prefabricated concrete elements and wood. Because of this, prefabricated elements can also have a 
negative influence on the construction time as a consequence of the irregular supply and quality of 
building materials. 

6.3.3 Throughput 

Technoware 

Type of equipment 
• The construction of law-ineome houses go tagether with the use of very basic tools. Al most three

quarter of the tools is non-electric and the rest are powered tools or machines. There is no re lation 
between the number of different kinds of electric and non-electric equipment and the construction 
time. Common powered tools and machines are concrete mixer, soil compacting machine, electric 
drill, sanding machine and the electric saw. 

Maintenance equipment 
• More than half of the equipment is maintained by an extemal organisation. Maintenance and 

repair of equipment is mainly contracted out to an extemal company. At one-fourth of the projects 
employees on site execute maintenance and repairing activities. 
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Availability spareparts 
• One third of the building contractors do have spare parts in stock. The contractors using most of 

the electrical equipment do also have more spare parts available compared with the contractors 
who use more non-electric equipment. 

Humanware 

Quantity of employees 
• The proportion of project managers and foremen is in balance for the projects with the lowest 

average construction time. The number of temporary employed skilied and unskilled employees is 
much higher than the number of permanent employed employees. lt could be favourable for the 
construction time to employ temporary skilied and unskilled labourers instead of permanent 
skilied and unskilled labourers. The Zitro system requires on average per house almost one and a 
half more employees, compared with Prefa PC systems. 

Experience, knowledge of employees 
• Project managers: are mainly permanent employees, the majority finished university and they 

have a lot of experience with the building system. 
• Foremen: are for one-third temporary employed, half ofthem finished secondary education the 

rest higher education and primary school and they have a lot of experience with the construction 
system. 

• Skilied labourers: three-quarter ofthe skilied labourers is temporary employed. one-third finished 
secondary education the rest primary school and three-quarter has experience with the 
construction system. 

• UnsÎälled labourers: more than three-quarter of the unskilled labourers are temporary employed, 
almost two-third finished primary school the rest did not finish any education at all . More than the 
half does not have experience with the construction system. 

Absenteeism employees 
• Absenteeism of skilied and unskilled labourers is mainly caused by too much liquor consumption 

the day before. This is a frequent problem on Mondays and the day after a holiday or "fiesta". 
Problems employees 
• Most problems are related to skilied and unskilled labourers. Common are insufficient employees, 

insufficient skilis and knowledge. 

lnforware 

Planning, machine and technica/ documentation 
• In general the building contractors have a reasonable number of documentation available and in 

u se. Mainly project progress control techniques, manuals of machines, construction procedures 
and norm and regulations are available while documentation regarding time planning procedures, 
specifications of machines and documents former projects are less available. 

Materialand equipment databases 
• More than four-fifth ofthe investigated projects has database regarding materialand equipment 

information at one 's disposal. 

Orgaware 

Quality control materials 
• Quality control of building materials during construction is very scarce. The concrete elements, 

and wood are generally the best controlled. This is mainly done visual on site. 
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Safety preeautions 
• Safety protections for employees are seldom used on site. Eye proteetion during welding is the 

only reasanabie proteetion used for employees. 
Direeting on site 
• Problems, complaints and information asked by employees on site is mainly verbally arranged. 
Stealing of materia is and equipment 
• At four-fifth ofthe projects at least once materials w.ere stolen and at half ofthe projects at least 

once equipment was stolen. 
Site proteetion 
• Two-third of the projects are protected by a security guard. 

6.3.4 Output 

Law-ineome houses 
• The prefabricated building systems are the fastest way to build a dwelling. If the average per 

building system is counted, the Prefa PC system is the fastest production methad and the Zitro 
system is second best. lt is important for the total construction time to what extent the houses have 
to be finished. lfthey include internal walls and internal doors, painting, tiles, ceiling etc. Most of 
the time this is optional for the future inhabitants. 

Construction time 
• It seems to be if prefabricated elements are used, a large floor space favourable is for the 

construction output. This can be explained by the fact that the constructions of relative more 
square metres have not a great influence on the extra construction time if prefabricated materials 
are used. If is chosen for the Iabour intensive building system with Concrete blocks, more square 
metres leadtoa lot more work and construction time necessary. At almast two-third ofthe 
investigated projects bad weather was mentioned as one of the reasans for time deviation. 

6.3.5 Basic company characteristics 

Company size 
• The relative small building contractors with less than 15 permanent employees seem to have a 

faster production time than building contractors with more permanent employees. 
Specialisation 
• Small-size building contractors are mainly involved with building low-income housing projects. 

These building contractors are generally allround and seldom specialised in one building activity. 
Large-sized building contractors are more concentrated at complicated and economie more 
attractive activities. 

Experienee law-ineome housing 
• Contractors experienced in different kind of building projects have a favourable production output 

compared with those who are experienced in law-ineome housing. 

48 



Chapter 6 Descriptive statistica/ data-analysis 

6.3.6 Management characteristics company 

Employment selection 
• Toreeruit project managers and foremen personnel recommendations are mainly used. Toreeruit 

skilied and unskilled labourers very common is a practice-testing period on the job. 
Training facilities 
• There are a lot training facilities for employees. More than 90 percent ofthe project managers and 

foremen and more than 60 percent of the skilled- and unskilled labourers have some kind of 
training or education. Training on the job is the most common training facility, certainly for the 
skilied and unskilled labourers. 

R&D activities 
• Research and development activities are not very common for the management of the building 

con tractors. At around one-third of the building con tractors, employees spend at ràndom or half 
time to R&D activities. 

Up-down directing 
• At almost all the projects up-down directing occurs more than 1 time each two weeks on a verbal 

way. 
Co-operation characteristics 
• Contractors co-operate very few with other associations. Most common with the "Cámera 

Costarricense de Construcción" and the Universities or higher educational institutes co-operate 
only with the middle-sized and big companies. 

Specialist literature 
• Few building contractors are subsenbed to local or foreign specialist magazines. 
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7 
Technology content analysis 

7.1 Introduetion 

In the previous chapter production factors have been analysed by application of a descriptive statistica} 
evaluation methodology. In this chapter we will discuss research question number three. The question 
read: Is a technology-based evaluation method the right methodology to investigate the problem as 
staled in the research problem? To he able to give an answer on this question the methodology should 
he developed and described. We will start this chapter with the introduetion to technological 
approaches and the explanation ofthe methodology. After applying the data on the methodology we 
will discuss the results and evaluate the developed metbod according to positive and negative aspects. 

7.2 Technological approach 

The technological approach for the evaluation of a production process considers technology as the 
transfarmer ofiritermediate products (raw materials and prefabricated elements) into the desired 
output. In contrast withother more common economie approaches (appendix 6.1), technology is not 
treated as a black box. The technological approach wants to examine the characteristics ofthe 
technology or transformation activities in a production process. 

The components determine the working of the construction process. This means that the components 
are highly related and complementary toeach other, see Fig. 7-1. Certain minimum conditions for 
using a technology are required. Technoware requires certain capabilities from the operators, 
humanware has to he improved if the technology is being upgraded, inforware requires to he regularly 
updated and orgaware has to he continuously developed because of the changing requirements in and 
outside the enterprise. 
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Fig. 7-1 Interaction ofthe four technology components 

Technoware is developed, installed, operated and improved mainly by humanware using inforware. 
Humanware makes the technoware productive, guided by the available inforware and the orgaware 
within which it operates. Inforware represents the accumulation ofknowledge by human beings. A 
regular updating of inforware causes better usage of techno ware. Orgaware co-ordinates inforware, 
humanware and technoware during the transformation process of input into output. Increasing the 
effectiveness of orgaware, the performance of the three other components a lso tends to increase. If 
evaluating the technology components the assumption is made that over time an increase can be seen 
in the: 
• Technoware with more complex possibilities for application 
• Humanware with more skilis 
• Inforware with a higher value of documentation and information 
• Orgaware with an increased quanturn and scope of its opera ti on and management 

The first assumption made for a technological evaluation of the production process is that once the 
strength and weaknesses of determining factors of the production process are known, it is possible to 
improve them. This result in the objective to create a model that obtains more detailed insight in the 
various aspects that plays a role during production processes. 

The second assumption is that every product has a range of production processes available to produce 
the desired output or product. The technology, as we said before the transfarmer in production 
processes, is viewed by the ESCAP•s as a combination of both physical tools and related knowledge to 
either make or use the tools in that process. The technology viewed in this manner could be sub
divided into four components, as we have seen befo_re technoware, humanware, inforware and 
orgaware. 

The third assumption is the direct re la ti onship between a higher production output in terros of quantity 
and quality and the increasing order of more developed and better attuned components of technology 
applied in a more systematised, standardised mechanised and automated manner in production 
processes. This is the basis for the technology-based evaluation metbod to classify and judge the 
different characteristics of the production processes of low-income housing in Co sta Rica. 

Impravement of the production process requires not only insight in the production processes but also 
insight in the circumstances under which the processes take place, called the operating environment or 

45 Aframeworkfor techno/ogy-based development. technology co11tent assessme111, Technology Atlas Project, Economie and Social 
Commission for Asia and the Pacific, Uniled Nations, p.l8. 
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by words ofthe national technology climate•6
• One requires understanding the nature and the impact of 

these factors influencing the production process to be able to control them. 

7.3 Technology Content Analyses (TCA) 

We choose the technometric model47 as the basis for the technology-based evaluation. Applying the 
same and unchanged methodology would not fit our special situation. The technometric model 
explicitly deals with the measurements of the four components of technology. The model has been 
applied on firm level of an integrated iron and steel plant. Our opinionis that a model in this way is 
unusable for our aim to evaluate the construction process of low-income housing. However, wetook 
the methodology as the basis and adapted the model to our specific situation. Therefore we measured 
the sameproduction factors as we described in the descriptive data-analysis to make it possible to 
compare both outcomes. 

Of course the determinative production factors ofthe production process at a steel plantand the 
construction processofhouses differ completely from each other. We also extended the model. 
Instead ofmeasuring the four components oftechnology we added specific project, company and 
management characteristics. In contrast to a fixed plant making always the same products within a 
certain margin, building contractors deal every time withother products and changing project 
circumstances. We discriminated between the fixed basic company characteristics and the specific 
project characteristics. We also discriminate between the management ofthe company and the 
managementor organisation on site. This resulted in the developed technology-based evaluation 
methodology. 

Degrees of sophistication 

Within each component oftechnology a different degree of sophistication can be noticed or observed. 
Such variations come because of four reasons. In the first place increased operational complexities 
lead to the need for development of technoware with higher degrees of sophistication. Second, 
increased requirements of skilis require impravement ofhumanware with appropriate sophistication. 
Third, if the degrees of sophistication of technoware and humanware increase, the sophistication of 
inforware required to guide using these, also increases. In the last place if a transformation activity 
attempts to increase, a greater sophistication may be required in the orgaware to effectively integrate 
technoware, humanware and inforware. 

Besides the sophistication of the technology we assume that a certain sophistication of the operating 
environment characteristics, in which the technology and in this case the construction process take 
place, can also be noticed. Firstly the increased complexities or unexpected circumstances during the 
executing of the project could be negative project characteristics influencing the transformation 
activities ofthe construction process. Secondly certain company characteristics could improve the 
overall knowledge and skilis favourable for increasing the performance ofthe construction process. 
Thirdly management activities at the company could be favourable to improve technoware, 
humanware, inforware and orgaware on site. 

46 A framework jor technology-based development. techno/ogy content assessmelll, Technology Atlas Project, Economie and Social 
Commission for Asia and the Pacific, United Nations, p.44. 
47 ibid., p.4 7. 
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The classifications and limits ofthe increased degrees of sophistication oftechnoware, humanware, 
inforware and orgaware, as well as the basic project characteristics, basic company characteristics and 
management characteristics will be presentedinappendix 6.2. The demarcation ofthe score between 
two successive classifications is overlapping. There is a certain margin within each classification 
through which it is possible that factors belonging to different classifications can get the same score. 

Quantitative scoring procedure 

The determination of the status of a production factor is done by dividing each production factor into 
determinative components. Each component can get a ten for best and a zero for lowest specification. 
The final score is obtained by calculating the average score of the components. A rating for each 
component, which determines the contribution intensity, should be necessary. However to establish 
such a component contribution rating for each separate component of the production factors requires 
detailed in-depth knowledge of technica! and related performance specifications. In this research we 
consider the impact ofthe production factors on the total construction process equivalent. To calculate 
the scores for the production factors we used Microsoft Excel spreadsheet software. The values of all 
items of each project and the accompanying used calculations are presented in appendix 6. 3. The used 
calculation methods will now briefly be described: 

At Tab. 7-1 we see that each item ofthe element is awarded with accompanying points determined on 
the basis of the degree of sophistication. F or each item the proportional score is calculated by 
multiplying the number by the accompanying points and dividing this number by the total present 
quantity of all items. The score of the element is determined by cumulating the scores of all items and 
can never be higher than 10. 

Tab. 7-1 Average scoring methad 

Element 
-item (a) 
-item (b) 
-item (c) 
-item (d) 

quantity 

n(a) 
n(b) 
n(c) 
n(d) 

points 

0.00 
3.33 
6.67 
10.00 

score items score element 

0.00 
score (b) = n(b) x 3.33 I Sum(n(a) .. n(d)) 
score (c) = n(c) x 6.67 I Sum(n(a) .. n(d)) 
score (d) = n(d) x 10.00 I Sum(n(a) .. n(d)) 

score(b) + score(c) + (score(d) 

At Tab. 7-2 we see that item of the element is awarded with accompanying points determined by the 
degree of sophistication. However these points are divided by 100. For each item the score is 
calculated by multiplying the percentage with the points. The score of the element is determined by 
cumulating the scores of all items and can never be higher than 10. 

Tab. 7-2 Percentage scoring methad 

Element 
-item (a) 
-item (b) 
-item (c) 
-item (d) 

percentage points score items score element 
score (a)+ score(b) + score(c) + (score(d) 

p(a) 0.025 score (a) = n(a) x 0.025 
p(b) 0.050 score (b) = n(b) x 0.050 
p(c) 0.075 score (c) = n(c) x 0.075 
p(d) 0.100 score (d) = n(d) x 0.100 

At Tab. 7-3 we see each item ofthe component is awarded with accompanying points determined by 
the degree of sophistication. The highest score per item is determined by the number of components 
belonging to the element. For each component only one item could be available and this item gets a 
score equal to the number of points bel on ging to the item, the other items get no score. The score of 
the element is determined by cumulating the scores of the components and can never be higher than 
10. 
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Tab. 7-3 Availability scoring 

Element 
component (X) 
-item (a) 
-item (b) 
-item (c) 
-item (d) 
component (Y) 
-item (e) 
-item (f) 
-item (g) 
-item (h) 

which item is present (one per 
component) 

n(a) = ( if yes = 1, if no = 0) 
n(b) = ( if yes= 1, if no = 0) 
n(c) = ( if yes = 1, if no = 0) 
n(d) = ( if yes = 1, if no = 0) 

n(e) = ( if yes= 1, if no = 0) 
n(f) = ( if yes = 1, if no = 0) 
n(g) = ( if yes = 1, if no = 0) 
n(h) = ( if yes= 1, if no = 0) 

Teclmology content analysis 

points score items 

1.25 
2.50 
3.75 
5.00 

1.25 
2.50 
3.75 
5.00 

(X) =(score (a) .. (d)) 
score (a) = n(a) x 1.25 
score (b) = n(b) x 2.50 
score (c) = n(c) x 3.75 
score (d) = n(d) x 5.00 
(Y) = Sum(score (e) .. (h)) 
score (e) = n(e) x 1.25 
score (f) = n(f) x 2.50 
score (g) = n(g) x 3.75 
score (h) = n(h) x 5.00 

score element 

(X)+(Y) 

At Tab. 7-4 we see the calculation methad used when two components within one element do nothave 
the same importance. Each item of the component is awarded with accompanying points deterrnined 
by the degree of sophistication. The score for each item is deterrnined by the number of items 
belonging toa component and the relative importance ofthe component compared toeach other. For 
each component all the items could he available and each item gets a 1 for being present, and a 0 ifnot 
present. The score of the component is deterrnined by the quantity of available items. The score of the 
element is deterrnined by the sum of the components ant their mutual importance ratio. The score of 
the element can never he higher than 10. 

Tab. 7-4 Proportional availability scoring 

Element 
component (X) 
-item (a) 
-item (b) 
-item (c) 
-item (d) 
component (Y) 
-item (e) 
-item (f) 
-item (g) 
-item (h) 

present (yes or no) points 

n(a) = ( if yes = 1, if no = 0) 1.25 
n(b)=(ifyes=1,ifno=O) 1.25 
n(c) = ( if yes = 1, if no = 0) 1.25 
n(d) = ( if yes = 1, if no = 0) 1.25 

n(e) = ( if yes = 1, if no = 0) 2.50 
n(f) = ( ifyes = 1, if no = 0) 2.50 
n(g) = ( if yes = 1, if no = 0) 2.50 
n(h) = ( if yes = 1, if no = 0) 2.50 

score items score element 

(X)= Sum(score (a) .. (d)) 
score (a) = n(a) x 1.25 
score (b) = n(b) x 1.25 
score (c) = n(c) x 1.25 
score (d) = n(d) x 1.25 
(Y) = Sum(score (e) .. (h)) 
score (e) = n(e) x 2.50 
score (f) = n(f) x 2.50 
score (g) = n(g) x 2.50 
score (h) = n(h) x 2.50 

((X)+(Y)) x (1/ sum(points)) 

The final results of all the calculations will he presented in tab. 7-5 and 7-6 on the two next pages. 
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Tab. 7-5 Results TCA-methodfor technoware, humanware, inforware and orgaware 

Group (A) Group (B) Group Group (B) Average 
(A) 

SCORES Prefa PC Prefa PC Blocks Blocks Zitro Bamboo Fuprovi 
#2 # 10 #9 # 17 # 11 #1 #12 #18 #5 #6 #15 #13 #8 #19 #7 

Technoware 2.50 4.60 5.36 7.96 4.94 2.59 2.45 5.77 3.52 2.47 4.56 1.40 2.36 2.40 3.39 3.75 
Type of equipment 4.17 3.80 4.43 3.87 4.84 4.43 4.03 3.97 3.89 4.08 3.70 4.19 3.74 3.86 3.51 
Maintenance of equipment 3.33 10.00 5.00 10.00 3.33 3.33 3.33 10.00 6.66 3.33 6.66 0.00 3.33 3.33 6.66 
Available spare parts 0.00 0.00 6.66 10.00 6.66 0.00 0.00 3.33 0.00 0.00 3.33 0.00 0.00 0.00 0.00 

Hu manware 7.05 7.69 6.52 6.72 6.38 5.84 5.73 3.46 7.53 7.81 4.98 5.57 7.98 6.58 7.72 6.50 
Experience employees 5.63 10.00 7.50 7.63 8.00 6.78 8.75 7.75 8.75 10.00 7.50 5.75 9.25 9.00 6.83 
Knowledge employees 4.75 3.20 3.93 4.90 3.95 4.25 5.00 no data 2.67 4.80 4.50 2.50 5.45 8.00 5.67 
Understanding blueprints 5.03 5.75 5.50 8.75 6.75 6.50 7.00 0.83 6.25 5.50 6.25 5.00 8.00 5.00 7.13 
Absenteism employees 9.83 9.50 9.19 3.30 4.66 6.67 1.65 0.00 10.00 9.24 2.06 6.75 9.08 6.24 10.00 
Common problems with 10.00 10.00 6.50 9.00 8.54 5.00 6.25 5.25 10.00 9.50 4.58 7.83 8.13 4.67 8.96 

employees 

lnforware 4.46 3.94 5.09 5.73 3.70 5.15 5.04 1.11 2.85 4.68 3.24 0.33 3.92 5.30 4.62 3.94 
Specialist literature 3.00 2.00 6.00 2.00 0.00 1.00 4.00 0.00 3.00 7.00 1.00 1.00 1.00 7.00 2.00 
Available documentation 3.70 7.04 5.93 6.30 6.67 6.67 6.67 1.11 3.33 3.70 4.81 0.00 2.96 4.44 1.85 
Available databases 6.68 2.78 3.33 8.90 4.45 7.79 4.45 2.22 2.23 3.33 3.89 0.00 7.79 4.45 10.01 

Orgaware 4.76 4.13 6.12 4.90 5.31 5.32 6.04 4.24 4.17 4.73 4.46 3.95 6.21 4.17 5.38 4.93 
Quality control materials 5.00 3.75 3.75 2.50 5.00 2.50 2.50 5.00 2.50 5.00 2.50 5.00 no data 2.50 5.00 
Execution of quality control 1.67 1.67 2.42 3.33 1.67 4.17 5.00 1.67 1.67 3.33 2.50 1.67 3.33 2.50 1.67 
Safety precautions 2.50 0.00 7.50 10.00 2.50 10.00 10.00 2.50 0.00 5.00 5.00 2.50 5.00 0.00 0.00 
Directing on site 5.00 5.00 6.67 5.00 5.00 5.00 5.00 5.00 5.00 5.00 3.33 5.00 6.67 6.67 5.00 
Stealing of materials I equipment 3.75 5.00 3.75 2.50 5.00 2.50 6.25 7.50 10.00 0.00 6.25 0.00 6.25 10.00 10.00 
Site proteetion 6.00 6.00 10.00 6.00 8.00 6.00 6.00 8.00 0.00 6.00 6.00 6.00 6.00 0.00 6.00 
Materials and equipment in stock 9.38 7.50 8.75 5.00 10.00 7.08 7.50 0.00 10.00 8.75 5.63 7.50 10.00 7.50 10.00 

Average 4.69 5.09 5.77 6.33 5.08 4.72 4.81 3.64 4.52 4.92 4.31 2.81 5.12 4.61 5.28 
Average group (A) 5.47 Average group (B) 4.56 Average group 

(B) 3.56 
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Tab. 7-6 Results TCA-methodfor basic project, company and management characteristics 

Group (A) Group (B) Group Group (B) Average 
(A) 

SCORES Prefa PC Prefa PC Blocks Blocks Zitro Bamboo Fuprovi 
#2 # 10 #9 # 17 # 11 #1 #12 #18 #5 #6 #15 #13 #8 #19 #7 

Basic project characteristics 7.00 7.50 6.17 6.67 5.83 8.00 7.83 7.50 9.17 8.33 8.33 7.83 5.00 8.67 7.50 7.42 
Soil gradient 8.50 10.00 8.50 5.00 10.00 9.00 8.50 10.00 10.00 10.00 10.00 8.50 5.00 8.50 10.00 
Construction period 5.00 5.00 0.00 5.00 0.00 5.00 5.00 5.00 10.00 5.00 5.00 5.00 0.00 10.00 5.00 
Available services 7.50 7.50 10.00 10.00 7.50 10.00 10.00 7.50 7.50 10.00 10.00 10.00 10.00 7.50 7.50 

Basic company characteristics 10.00 1.67 3.33 3.33 3.33 6.67 6.67 3.33 5.00 5.00 3.33 3.33 3.33 8.33 10.00 5.11 
Specialisation 10.00 0.00 3.33 3.33 3.33 3.33 10.00 3.33 6.66 3.33 3.33 3.33 3.33 10.00 10.00 
Experience law-ineome housing 10.00 3.33 3.33 3.33 3.33 10.00 3.33 3.33 3.33 6.66 3.33 3.33 3.33 6.66 10.00 

Basic management characterist. 3.19 3.12 5.27 8.07 3.80 5.07 3.83 0.39 3.64 3.56 4.27 0.00 4.55 4.35 1.87 3.67 
Employment selection 3.13 5.00 10.00 9.38 10.00 2.50 4.38 na data 4.38 6.25 8.13 0.00 5.00 5.00 0.00 
Training facilities 4.00 0.00 6.00 9.00 4.00 4.00 3.00 0.00 0.00 0.50 4.00 0.00 0.00 0.00 1.00 
Up-down directing 5.00 6.25 5.00 10.00 5.00 5.00 10.00 0.00 10.00 10.00 5.00 0.00 5.00 6.25 5.00 
Co-opera ti on 0.51 1.02 5.37 5.39 0.00 3.85 1.79 1.54 0.51 1.03 4.23 0.00 6.16 3.07 0.00 
R&D activities 3.33 3.33 0.00 6.60 0.00 10.00 0.00 0.00 3.33 0.00 0.00 0.00 6.60 7.45 3.33 

Average 6.73 4.10 4.92 6.02 4.32 6.58 6.11 3.74 5.94 5.63 5.31 3.72 4.29 7.12 6.46 
Average group (A) 5.44 Average group (B) 5.43 Average group 

(B) 4.52 
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7.4 Conclusions technology-based research method 

The conclusions are based upon the results that are presentedinappendix 6.3. The results ofthe 
technology-based evaluation are disappointing and do not come up with the expectations. Ifthe 
projects are ranked by the average calculated value this ranking is in no way corresponding with the 
ranking based upon the production output [m2/working day], see tab. 7-7 

Tab. 7-7 Project ranking according to two methodologies 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
project ranking #2 #10 #9 #6 #8 #17 #7 #11 #1 #15 #12 #19 #18 #13 #5 
m2/day 96.6 68.2 61.2 50.0 46.0 43.4 37.3 36.6 34.2 33.1 33.0 30.3 24.1 23.4 18.3 
project ranking #17 #7 #19 #2 #1 #12 #9 #6 #5 #15 #8 #11 #10 #18 #13 
calculated values 6.18 5.87 5.87 5.71 5.65 5.46 5.35 5.28 5.23 4.81 4.71 4.70 4.60 3.69 3.27 

We searched for corresponding high and low values between the projects with the highest average 
production output, respectively Prefa PC group (A), Blocks group (A) and Zitro. None ofthe values 
were matching. We also searched for a correspondence between the ranking based upon the calculated 
values and the ranking based upon the production output within the same construction system. Also 
relations have notbeen found. 

We observed that the average score for production factor humanware is almast equal at all projects. 
We could suppose that this factor has no influence on the performance of the construction process. 
Takinga closer look to the values ofthe components ofhumanware we see in general that the scores 
related to project managers and foremen are relatively high while the score for skilied and unskilled 
labourers is on average low. Also the average values for the basic project characteristics do not deviate 
much from each other. In other words the influences of these components to the performance is 
expected not to be very much. 

7.5 Evaluation of developed method 

Positive aspects 

If the methodology is reliable, the methad gives the opportunity to get quick and easily an overall 
impression of the strong and weak production factors within the production process of each project 
from a technological point of view. 

The methad could he useful to obtain insight in the technological status of a company. Information 
conceming the influences of the production factors on the overall outcome in combination with value 
added or cast-benefit analysis could be very useful for policy makers of the company. They can 
determine were to policy of the company should be concentrated on to imprave their construction 
activities. 

On sector level an evaluation methodology is useful to campare the construction process of different 
projects with each other by looking at the differences in component values. From a national point of 
view one can use the total average of all projects to assess the technological status of the construction 
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process of law-ineome housing. Information a bout the strong and weak aspects within the construction 
industry could be very useful for national planners and policy makers. A comparative study between 
two countries could easily be executed if in both countries the same evaluation methad is used for the 
sameproduction process. By this way it is easy to assess a nation's international competitive position 
from a technological point of view. 

Negative aspects 

The evaluation methad is a complex methodology. First one has to collect the datapointedat the 
calculation process. Second one has to establish the scoring methods based upon the degree of 
sophistication of each component. Third the collected data has to be analysed and transformed into 
countable values. Then the values for each project have to be tilled in befare the calculations are 
possible. On the last place when the output has to be analysed. 

Besides the complexity it is also a time consuming evaluation method. After setting up the model the 
collected data have to be transformed into usabie computable values. The filling in of these values for 
each project into the model is monotonous and laborious job which takes a tremendously amount of 
time. 

The output of the model gives a rough idea a bout the proportional contribution of the elements in the 
construction process. However, the methad is not reliable yet. All production factors are treated 
equally. It should be necessary to establish a component contribution rating for each production factor 
to discriminate between the mutual weight (influence) on the output during the construction process. 
This is a difficult job that requires detailed in-depth knowledge of the performance specifica ti ons and 
their mutual relations. 

Also the mutual relations between the production factors in the model are left out of consideration. 
One can determine the contribution rating of each component related to the production output but it is 
still a lot more difficult to make the component contribution dependent on the value of other elements 
in the model. We will explain this according to an example. The contribution of element (A) to the 
outcome is two times higher than element (B) in a normal situation. But in the case that element C is 
present, the contribution of element B to the output is much more important than element A. This 
might occur in the next example: we suppose the knowledge of employees to be element A and the 
experience of employees element B in a normal situation. Let us suppose element C represent the 
circumstances of the project which in this example are not a standard situation, but very extreme, let 
us say by heavy rainfall during a couple of weeks. In this occasion the experiences of the employees 
could be of much more importance than their knowledge. This could count for the variables of the 
operating environment but also for the variables in the construction process 
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8 
Overall conclusions and recommendations 

8.1 Introduetion 

The answers on the first, second and third research questions lead to the answer of the research 
problem. The research problem read: Which delenninative production and productivity factors form 
opportunities, prob/ems or constraints to imprave the performance of construction processes of law
ineome housingin Costa Rica. The answer will he given in this chapter. Firstly we present the overall 
conclusions and recommendations founded on the answers of the research questions. 

If the overall conclusions have been given the aims of research should he fulfilled. The jirst objective 
is to give suggestions to bodies in the construction industry to imprave the performance of 
construction processes of /ow-income housing in Costa Rica. In the next paragraph these suggestions 
will be given to boclies subdivided into national, sector and project level. The second objective is to 
investigate possibilities of analysing the performance of construction process by application of a 
techno/ogy-based research methodology. Bath positive and negative characteristics conceming the 
used evaluation methodologies will he presented in this chapter. At the end recommendations for 
further research will he given. The chapter ends with a brief evaluation of the steps during research 
and field period. 

As this is an exploratory research based upon a limited number of investigated projects, the thoughts 
developed and conclusions drawn are provisional and would therefore require further check befare 
implementation. The conclusions are compared with the conclusions ofM. Derks48 whose research 
project concern the problems during the execution phase of law-ineome housing in Costa Rica, 
approached from a castand time point of view. A reasonably number of conclusions corresponds to 
each other. An overview of the ma in conclusions of M. Derks has been presented in appendix 7.1. 

48 Derks, M.A.P.H., Análisis e identiticación de Ja problemática en el proceso de la ejecución de vivienda de interés socialen Costa Rica, 
January I 996, p.76-80. 
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8.2 Overall Conclusions and recommendations 

8.2.1 Sector and nationallevel 

Specify governmental policies and imprave research in the construction industry 

The involvement and co-ordination ofthe govemment is essential for providing law-ineome houses in 
Costa Rica. However research by the author led only to the finding of general policies for the 
construction sector. We suggest the govemment to make feasible development plans for the 
construction sector provided with fixed figures they aiming for in the future. Besides the creation of 
houses for the law-ineome group, the policy should also aim at the circumstance the construction 
process take place, for example the labour-rights, minimum wage and salary discrimination on raise, 
sex or social condition. More research is also recommended especially investigations conceming 
informal building activities of which nowadays a few is known about. 

Promate use of local available raw materials 

We found from localliterature study that the general trend is inclined to increasing import of 
construction materials. To stimulate the national economy, development and use of (new) building 
materials must be restricted to the local available primary materials. This could result in decreasing 
import of building materials. A possible metbod could be for example a policy basedon import
substitution. 

flnprove special technica/ education system 

The higher technica} education possibilities have a respectable level in Costa Rica. The education 
possibilities for the specific technica} professions aimed at low-skilled employees in the construction 
industry are poor and should therefore be improved. Special attention should be given to rural areas. 

Imprave the National jinancing system Jor housing 

We found from literature that the law-ineome population depends completely on the financial help of 
the govemment. The National Financing System for Housing has proved to be successful the past 
years. However one aspect which should be improved. The familieswhoare eligible fora (free) 
family bond require always an additionalloan to build their house. About 40 to 50 percent of the bond 
is sufficient to cover the total building costs. The other parts need to be financed with the help of a 
loan. We found that the interest rates are very high and fluctuating much. The high inflation rates 
make it impossible to get a fixed interest rate for the years one will receive the loan. Law-ineome 
families can have a low interest ra te at the start of building a house. But, if little by little, the interest 
rate is increasing this could cause many financial problems for the families resulting in financial debts 
and unfinished houses. The suggestion for the govemment is to supply a bond in combination with a 
decent loan and saving regulations for law-ineome families. 
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8.2.2 project level 

Stimulate prefabricated building systems 

The prefabricated building systems are an important factor to imprave the performance because of a 
low average construction time. The prefabricated construction systems are easy to use in contrast to 
more traditionally constructed houses. Ifthe construction processis well co-ordinated, the 
prefabricated systems do not require specific skills and knowledge of employees to work with the 
system. 

Stimulate fin is hing activities by inhabitants self 

A determinative factor for the total construction time is the extent to what houses have to be finished. 
Mainly the inclusive ofintemal walls (except the nucleus), intemal frames and doors, painting, tiles, 
ceiling etc. is optional. To decrease the construction time ofthe contractors it is recommended that the 
future inhabitants do the finishing ofthe houses themselves. 

Imprave quality and supply of building materials 

It is found from the survey that irregular supply and low quality of building materials is not favourable 
to imprave the performance of construction processes. Problems are mainly related to the suppliers of 
wood and (prefabricated) concrete products. The supply of building materials should be constant and 
according the agreements. Bes i des the fact that suppliers should imprave the quality of the products 
also the transportation should be improved to proteet the building materials from being damaged 
befare they have arrived on site. The Bamboa project is a good example of using a high quality 
material ofwhich the supply Input) as wellas the utilisation (throughput) is co-ordinated by the same 
organisation. 

Stimulate prefabricated building materials 

Prefabricated frames and doors could be favourable for the construction time instead of making 
frames and doors on site, which is a Iabour intensive activity. It is an advantage to use prefabricated 
frames and doors in combination with a prefabricated building system because the dimensions of the 
prefabricated components have a certain standardisation. The condition for using prefabricated frames 
and doors is sufficient toleranee possibilities for constructions. 

More machines shou/d be used during the digging activities for construction of foundations 

It is found from the observations at the construction site that digging activities for the construction of 
the foundations are a Iabour intensive and time-consuming job. To decrease the construction time, it is 
favourable to make use of advanced machines and equipment. 

Imprave skilis and knowledge skilied and unskilled labourers 

We found from survey and conversations with contractors that most employees problems are related to 
skilled and unskilled labourers. Common are insufficient employees and insufficient skills and 
knowledge. The level of experience with construction activities is low. Most ofthe time the employees 
are temporary working on site because of a lack of money. The monthly salary is low and if better 
paying duties could be obtained, the employees have gone. The involvement with the project is 
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minimaland the rotation of these labourers between differentprojectsis high. Too much liquor 
consumption the day befare is the main reason for being absent. Contractors should more often 
employ permanently employees. However extra casts of, for example, social security and the 
unreliability ofthe labourers keep many contractors from permanent employment. Therefore special 
education forthese labourers could increase the knowledge and value and decrease the turnover of 
personnel. 

Increase the use of time planning methods 

1t is found that at projects using time planning procedures the average construction time is less 
compared to projects who do not use such procedures. Therefore it is suggested to make use of a good 
planning conceming the construction activities on site. 

Imprave quality control of materials 

Quality control of materials befare they are used on site is not frequently done while it could be 
favourable to lower the construction time and imprave the performance of construction processes. 

8.2.3 Research methodology 

Limited value of descriptive data-wwlysis 

Now we investigated the strength and weaknesses of the production factors in re lation to the 
performance measured by the production output. The analysis given in this way is useful but also very 
limited. We did not pay much attention to the mutual relations of the production factors. Because of 
the descriptive character, it is very difficult to investigate. lt is recommended to investigate also these 
relations and their impact on the performance ofthe construction process, which could more easily be 
done with the help of data-analysing software. 

The techno/ogy-based evaluation methodology should be improved. 

We have experienced that the presented technology-based evaluation methodology in this format is 
not applicable to measure the performance of the construction process. The va lues added to the degree 
of sophistication and to the scoring metbod are very important steps of the model. If these va lues are 
notcorrect not much importance could be attach to the results ofthe methodology. This indicates the 
weakness ofthe methodology. 

An improved model could be a very useful supplement the convential value added and capita} and 
labour measurements methodologies. At project level but also at sector or nationallevel the 
methodology could be a very useful souree of information. Especially in developing countries specific 
databases with information is usually missing. Exactly this kind of information could be useful for 
national planners and policy makers during the race towards a higher economie and industrial 
development. 
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8.2.4 Recommendations forther research 

Investigate injluences on the construction process of other phases in the building process 

The search should for performance improvements be extendedtoother phases in the building process. 
Now we have been focusing on the construction process but this is certainly not the only determinative 
variabie for the performance of the building process. We recommend a lso to investigate other phases 
in building processes related to the performance of low-income housing in Costa Rica, for example: 
needs from customers, building specifications, design, contract and tendering. With respect to the 
design it could be very useful to investigate the possibilities of a construction method of houses linked 
tagether and houses of one or two stories high, taking into consideration the change of the occurrence 
of an earthquake. 

Execute extensive work measureinents (time study) 

We described the general characteristics ofthe construction process. The conclusions are based upon 
the construction output measured by the average number of square metres constructed per day. We 
will recommend investigating construction activities on the basis of exact time studies. Exact data 
about the construction activities could be obtained by feedback of data from previous construction 
works or by work measurements also known as time (and motion) study. Besides the fact that specific 
data from previous works are often not available, the historica! figures also include the effects of 
ineffective time. They do not show the circumstances under which the construction activity took place. 
These data do also not show what output would be achieved if the jobs were properly managed and the 
workers or equipment operators would give the best ofthemselves. Scientific study by work 
measurements is therefore preferred. These measurements use different techniques to identify 
ineffective time and set time standards for the work. This should be very useful for improving the site 
productivity in the construction industry. 

8.3 Evaluation the steps during research and fieldwork period 

The writing ofthis thesis has taken a long time. For an impatient person, what the author himself 
imputes to, the time working on one and the same assignment has been by far too long. The 
prepara ti ons of around three month, the field research of half a year and the writing period of nine 
months, makes the total graduating research time one and a halfyear. lt has been an instructive time, a 
pleasant time and at the end also an annoying and boring time. Many factors influenced the whole past 
period on one or another way, in the good and bad meaning of the word. The good things we will 
remember the bad things we will forget. But before forgetting these things it could be useful to write 
them down so others will not make the same mistakes. Some notes of attention to take into account if 
executing a research in a developing country: 

Preparatirms 
Make a pre-testofresearch method and hold conversations with key-persons. Be aware ofan unclear 
research problem and aims of research. Make them correspond with the aims and activities ofthe 
institute you are working for. Before leaving to the developing countrybesure to have the 
questionnaire ready. Be supplied with sufficient questions so you will be able to remove the questions, 
which are not being able to fill in . 
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Fieldwork period 
Start writing the report during the fieldwork period insteadof afterwards . Make sure that the metbod 
of data-coHeetion is adjusted to the metbod of data-analysis. The data-coHeetion conceming the 
population could be very difficult to obtain, reserve possible time and alternative possibilities. 
Appointments need always to be verified to prevent that interlocutors will be late or even not show up 
at the arranged time or place. 

Finalisation of report 
Start with making an adequate time planning. Start writing a new chapter after finishing the previous 
chapter(s). Take into account that the data-analysis could be time-consumingjob. 
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1.1 National geographic figures 

Geographic figures 1: 

Geographic locatiom 

Maximum length 
Maximum width 
Minimum width 
Land Area 
Provinces3 

Boundaries 

08°03' - 11 o 13' North latitude 
82°32' - 85°57' West longitude 
464 km from "Rio Sapoa" to "Punta Burica" 
259 km from "Cabo Santa Elena" to "Boca del Rio Colorado" 
119 km from "Tuba" to "Boca Coronado" 

Alajuela 
Cartago 
Guanacaste 
Heredia 
Limón 
Puntarenas 
San José 
Northwest 
Southeast: 
East: 
West: 

51,100.00 km2 100% 
9,752.86 km2 19% 
3,124.67 km2 6% 

10,140.71 km2 20% 
2,656.64 km2 5% 
9,188.52 km2 18% 

11,276.97 km2 22% 
4,959.63 km2 10% 

Nicaragua (border 300 km)4 
Panama (border 363 km)5 
Atlantic Ocean (seacoast 212 km) 
Pacific Ocean (seacoast 1016 km) 

IINICEM-Market Data, Costa Rica: Datos e Indicatores Básicos, 6th edition, San José-1996, p.2-3. 
2 Ramirez Sol era, A. , Maldonado Ulloa, T., Desarol/a Socioeconómico y el Ambiente Natura/ de Cos/a Rica, situación actual y 
perspectivas, Fundación Neotropica, May 1988, p.35. 
3 Rodriguez Garr, F., Atlas didactica de Cos/a Rica Jitan, Consejo Superior de Educación, October 1990, p.l6. 
4l-ierrera, W. , Clima de Cos/a Rica, vegetación y clima de Costa Rica, vol.2, Editorial Universidad Estatal a Distancia, San José-1985, p. l5. 
5 Herrera, W., Clima de Cos/a Rica, vegetación y clima de Costa Rica, vol.2, Editorial Universidad Estatal a Distancia, San José-1985, p. 15. 
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1.2 Map of CentralAmerica 

Map of Central America6 

6 http://city .net/img!magellan/mgmapsoftheworld/centam.gif 
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1.3 Climate of Costa Rica 

Maximum and minimum temperatures7 
* Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Caribbean coast, Limón 30.9 30.1 30.3 31 .6 31.5 31.5 31 .0 31.2 31.7 31.7 31.6 30.3 27.7 
21.8 21.1 21.4 22.2 22.5 22.7 22.3 22.0 21 .9 21 .9 21.8 21.9 19.8 

Central Valley, San José 24.9 24.0 23.7 26.3 26.9 25.4 25.7 24.9 25.1 25.3 25.6 23.5 22.4 
16.8 16.1 16.5 16.8 17.6 17.3 17.1 17.1 16.6 16.8 17.2 17.1 15.1 

lrazu (altitude 3,432 M) 11.5 13.0 12.0 14.3 13.2 11 .3 11 .0 10.3 11 .0 11 .0 11.2 10.2 9.7 
5.3 4.5 4.8 6.3 5.9 5.6 5.8 5.0 5.3 5.6 5.8 4.8 3.9 

Pacific coast, Nicoya 32.9 33.3 34.1 37.2 36.6 33.5 32.1 31.1 31 .6 31 .7 30.4 31.8 30.9 
21.8 21 .5 22.4 22.5 23.4 23.0 22.1 21 .8 21.4 21.5 22.0 21.2 19.0 

* average annual tempera/ure [°C] 
Maximum temperature: average monthly temperature during the day over different years [ 0 C] 
Minimum temperature: average monthly temperature during the night over different years [ 0 C] 

Monthly average number of days with rainB 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Central Valley, San José 5 2 6 5 19 20 17 16 23 25 11 3 

Caribean coast, Limón 22 11 17 24 19 21 30 25 20 22 20 17 

Province of Guanacaste, Liberia 0 0 0 12 17 8 16 17 22 6 2 

Valle del General San lsidro 3 7 4 21 20 19 23 25 25 28 16 8 

Central Pacific, Quepos 0 0 2 9 14 9 12 11 17 25 12 0 

West Central Valley, Grecia 0 4 16 20 13 14 20 23 7 2 

7 Herrera, W., C/ima de Costa Rica, vegetación y cl i ma de Cos/a Rica, vol.2, Editorial Universidad Estatal a Distancia, San José-1985, p.32. 
8 Tablas generales Productos de Concreto, tabla 7.26, p.28. 
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1.4 Demography of Costa Rica 

Popu/ation characteristics9 

I popu 

annual growth rate of the total population [%] 
total male population 

total temale population 

total population in urban zones 

total population in rural zones 

Population density [per km2j* 

province of Alajuela 

province of Cartago 

province of Guanacaste 

province of Heredia 

province of Limón 

province of San José 

province of Puntarenas 

Birth rate [per 1000 woman] 

Crude death [per 1000 inhabitants] 

Infant mortality [per 1000 births alive] 

Average family size [persons] 

Life expectancy at birth [years] 

• Densities ofthe provinces 1990-1995 are anextrapolation of 1996 

9 Estado de la nacion en desarro/la humano sostenib/e 1996, demográjicas, p237-238 
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1995 

3,136,020 

2.12 

1,573,497 

1,562,523 

1,369,421 

1,766,599 

61.4 

55.9 

116.4 

20.1 

109.8 

27.6 

230.2 

29.5 

24.8 

4.4 

13.6 

4.2 

76.8 



1.5 Economie figures 

Economie characteristicsJO 

Gross Dornestic Product [nomina!] 

Gross Dornestic Product [real ] 

annual growth rate [%] 

Gross Dornestic Product per capita [real)] 

annual growth rate [%] 

GDP by construction sector 

annual growth rate [%] 

private enterprises* 

public enterprises* 

Gross fixed capita! formation* 

private enterprises 

public enterprises 

government in general 

Gross total capita! formation [millions of Colones) 

capita! formation by construction sector 

*Banco Central de Cos/a Rica, elaborado: Dirección Economia y Finanzas- MIVAH 
nomina!: millions ofColones, real: millions ofColones (1966) 

Currency characteristicsJI 

Consumer price index (January 1995 = 100%) 

Intlation rate [%] 

Exchange rate Colonesl1 US$ (annual average at December) 

·Total Governmental debt I GDP 

Total public debt I GDP 

17 

10 Estado de la nacion en desarro/la humano sostenible 1996, cuentas nacionales y produceion sectorial, p252-253 
11 PanoramaNaciona/1995, ba/ancesocial, economicoyambiental, MIDEPLAN 1996,p.186-187 

1993 1995 

1 ,069,258.5 1 ,659,385.1 

14,344.0 15,373.6 

6.34 2.55 

4,774.0 4,902.3 

4.00 0.42 

556.4 520.0 

16.50 (12.00) 

252.6 237.1 

313.8 282.9 

248,535.4 304,366.9 

196,163.5 

33,826.7 

18,545.2 

319,185.5 

12,252.9 

1995 

117.7 

22.6 

150. 193.9 

4.3 

3.4 
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1.6 Socia/ expenditures construction sector 

general characteristics/2 

Social expenditures [millions of Colones] 

Housing 

Social expenditures per capita [real]* 

Housing 

* Colanes (1966) 

12 Estado de la nacion en desarro/la humano sostenible 1996, estadisticas sociales, p .237,241,249,250 
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1993 

215,942 
25,587 

556 
66 

1995 



1.7 Employment characteristics 

Employment characteristics IJ 

Totallabeur force 

urban zones 

rural zones 

by construction sector 

Total employed popuiatien 

urban zones 
rural zones 
By construction sector 

Unemployment rate 

urban zones 
rural zones 
By construction sector 

Average monthly income in the construction sector [Colones] 

13 Estado de la nocion en desarrollo humano sostenible 1996, estadisticas sociales, p .238-240 

1995 

1,231 ,572 

573,239 

658,333 

79,809 

1,168,055 

540,682 

627,373 

73,286 
5.2 
5.7 

4.7 

8.2 

52,086.1 
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1.8 CIVCO (Costa Rican Building Research Centre)14 

Background 

CIVCO was founded in 1990 as an institution entirely devoted to the development and impravement of 
the building sector, in particular to low cost housing. 
CIVCO is a foundation ofthe Costa Rica Institute ofTechnology (ITCR) and it was created withjoint 
financial support from ITCR, the Danish International Development Agency (DANIDA) and the 
Mortgage Bank for Housing (BANHVI). 

Actlvities and collaboration 

The activities of CIVCO are concentrated on research, education, consultancy and technica) assistance. 
CIVCO promotes national and regional policies and co-ordinates its activities with public, non
governmental organisations and private companies. 
CIVCO collaborates on specific projects with international agencies such as: IDRC, CIDA, A TI, UNDP 
and DANIDA. 

CIVCO's objectives are directed towards: 
• Impravement of living conditions including health 
• Cost reduction 
• Safety impravement 
• Reduction of adverse environmental impact 
• Quality impravement 
• U se of local resources 
• Impravement of Iabour efficiency 
• Improved industrial production 

CIVCO welcomes co-operation with institutions, private enterprises, international agencies and 
organisations and user groups playing a role in the housing and human settiement sector. 

Facilities 

CIVCO has a building area of 2000 m2 composed of modern facilities, equipment and qualified staff. 
CIVCO is linked to world information networks such as ICONDA and ITDG. The Danish Building 
Research Institute (SBI) provides technica! advice and assistance. 

Research areas 

Materials and Products 
• Impravement of traditional materials 
• Development of new materia is 
• Documentation and promotion of local resources 

Building Physics 
• Moisture, acoustic, indoor climate, fire and durability 
• Documentation of performance of existing building materia is and components 
• Evaluation and impravement ofthe performance of dwellings 
• Testing and evaluation ofnew building materials and components 

14 Source: CIVCO infonnation brochure 
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Modular Co-ordination 
• Implementation of modular co-ordination in practice 
• Proposals for standard dimensions of different building components 

Structural Systems 
• Impravement of structural safety 
• Impravement of existing structural systems 
• Development of new structural systems 

Waste and waste water treatment, water supply 
• Technologies for waste treatment 
• Evaluation and impravement of water supply systems 
• Reduction of water consumption 

Human Settlements and House Design 
• Documentation of user requirements 
• Site planning and design 
• Impravement of the design of dwellings 
• Proposal of minimum requirements 

Construction Managementand Quality Control 
• Evaluation and impravement of construction methods 
• Construction management, cost and value engineering 
• Laberatory and field testing 
• Evaluation and supervision of quality assurance methods of manufacturers 
• Technica! advice services 

Training and Technology Transfer 
• Contribution to training within the housing sector 
• Dissemination of appropriate technologies for the home building sector and human settlements 

development 
• Participatory community programs 

18 
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2 Appendix The housing situation 
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2. 1 Housing indicators 

Value and construction area ofhouses/5 

Price indices construction ( reference year 1976) 

Annual variatien 

Construction value low-income houses [lt/m2) 
Type4 
Type 5 

Number of registered construction permits* 

Family housing bond otorgados 

Constructed area [m2] 
One family housing 

Multiple family housing 
Other 

Popuiatien provided with water [%] 

Population provided with sewerage [%] 

* commerce and houses included 
**date corresponds with the period between May and December 1990 

Type 4: 30 a 40 m2
, three rooms (included one sleeping room) 

Type 5: 40 a 60m2
, four or five rooms (included two sleeping rooms) 

/5 Panorama Nacional 1995, balance social, economico y ambiental, Mideplan, agusto de 1996, p.l76-177 

17, 

15, 

1,525, 
1,155, 

64,31 
306, 

1995 

4,595 

23.5 

36,659 
41,206 

22,055 

15,705 

1,515,168 

1,019,003 
66,440 

429,725 

97.9 
23.7 
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2.2 Regulations 

Special construction norms for social housingl6 

Dimensions 

ATMOSPHERE 

Bathroom 
Kit eh en 
Kitchen sink (external) 
Space for multiple use 
Main bedroom 
Additional 
Room 
Dining room 
Room-dining room 
Kitchen-dining room 
Room-kitchen-dining room 

MINIMAL WIDTH [M] 

1,05 
1,60 
1,00 
2,50 
2,50 
2,00 
2,50 
2,50 
2,50 
2,50 
2,50 

MINIMAL SURFACE [M2j 

2,00 
4,00 
1,50 

12,50 
7,50 
6,00 
7,50 
6,50 

12,50 
9,00 

13,00 

• The net-minimal surface should never be less than the norms: 
• Minimal sanitation nucleus: 7 m2 

• Minimal sanitation nucleus for multiple use: 20 m2 

• "Cascorón" house (for two bedrooms): 30m2 

• For each additional bedroom: 10m2 

Finishing, sanitary and materials 

• Walls might be made of a combustible, non-combustible materialor combination. When 
combustible materials are used, the houses must be separated. There is a minimum distance of 
1.50 meter between structure and plot line. 

• The houses might bedelivered without a ceiling when they guarantee air ventilation in top ofthe 
crown beam. 

• The minimum height between the top ofthe crown beam and the tloor is 2.20 meter. 
• Each room must be provided with an opening to guarantee enough ventilation and daylight. The 

minimum percentages are: 
- in moderate or cold areas: 10% ofthe internal tloor surface. 
- in hot, humid areas: 20% of the internal tloor surface. 
- in hot, dry areas: 15% ofthe internal tloor surface. 
Maximum half of these percentages must permanently be closed. The rest requires opening 
possibilities for ventilation purposes, for example by: ventilation blocks, sieves, windows. 

• All the structural elements like foundation, walls and roof must satisfy the Costa Rican seismie 
regulations. 

• Floors can be made of stabilised cement, concrete or other similar material with comparatively 
durability. Floors must be levelled and free of dustso daily use by inhabitants and their furniture 
is possible. 

16 Translation ofthe Código Urbano- 1994 (Urban regulations), Page 73-75. 
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Future enlargements 

The design ofthe sanitary nucleus of all social houses must anticipate on possible future enlargement 
by owners themselves. A complete manual tagether with detailed drawings and drawings of possible 
enlargements must be given to the owners. This must guarantee good advice for families and avoid 
that building activities at nat foreseen spaces lead to sanitation problems, damage to the urban 
atmosphere or a lossof time and money on account ofthe owners. 

Separation between buildings 

If windows or openings exist and more than one dwelling and more than one family use a plot, the 
units must be separated according to the construction norm V.3.5. In case of closed walls, the units 
have to be separatedat minimum distance of one fourth ofthe height ofthe opposite building, 
however never less than 3.0 metres. 
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2.3 Governmental financing system 

Access to decent housing is one of the most important factors that determine the quality of life. Since 
the beginning ofthis century the Costa Rican govemment was involved in public housing. A bird's 
eye view ofpublic activities17. 

Authorisation for the govemment to obtain foreign Joans for housing construction by the State for 
families of middle and high iocome was the first activity in 1911. Foliowed by the authorisation for 
the Executive Power to contract loans for the construction ofhousing for Jow-income families in 
1922. Establishment ofthe National Housing Board (Junta Nacional de Habitación) and the 
Cooperative for Low-cost Housing (Cooperativa deCasas Baratas para la Familia) created legal and 
institutional instruments to address housing end 1930s. The creation ofthe Department of Housing 
(Departamento de Habitación) as a part ofthe Costa Rican Social Security (Caja Costarricense del 
Seguro Social) became the official agency in charge oflow-income housing nationally in 1945. The 
National Institute oflnsurance and the National Banking system were established to finance housing 
programmes ('40-'45). 

Later during the sec011d administration of the ex-president José Figueres Ferrer in 1954, the National 
Institute of Housing and Urbanism (lnstituto Nacional de Vivienda y Urbanismo INVU) was founded 
to assure the participation ofthe State to take care ofthe housing and urbanisation problems from an 
integral perspective. In the 1960s the first financial projects for housing with support from the North 
American "Alliance for Progress" were started. Repayment of foreign loans made it difficult to use 
these resources for low-income housing and the National Systemfor Savings and Loans was created in 
1969. 

Another decentralised public sector institution, the Mixed Institution of Socia/ Assistance (Instituto 
Mixto de Ayuda Social IMAS) was founded to provide housing for the extremely poor families in 
1971. IMAS is among others financed by port and border taxes and the nationallottery. 

Reformation ofthe National Systemfor Savings and Loans created the establishment of private non
profit institutions under the name Mutual Savings and Laan Associations (Asociaciones Mutuales de 
Ahorro y Préstamo) in 1973. They have a very important role in addressing the housing problem in the 
middle-income group for those who earn enough to save. The Housing and Human Settiement Sector 
was founded to unite all institutions working with housing programmes in 1979. The govemment 
decided that this co-ordinating entity was unnecessary. lt was more important to strengthen established 
bodies, such as INVU, rather than support the public sector by creating new ones. The establishment 
of a Ministry of Housing was no priority at that time ( 1982). 

In spite ofthese efforts the activities ofthe public sector were not very significant until the middle of 
the 1980s. The main reasoos forthese disappointing results were18: 

• no adequate legal and institutional instruments 
• absence of a national housing policy 
• no adequate financial resources 
• housing is not a principal activity or main 

objective of institutes 

• uncoordinated action and assistance of public 
and private institutions 

• projects limited to people with some savings 
capacity, exclude the majority of population 
requiring housing 

17 Landaeta, G., Strategiesjor Law-ineome Housing, a camparalive sllldy on Nicaragua, Mexico, Guatemala, Cuba, Panama, Cos/a Rica 
and El Salvador, Department of Architecture and Development Studies Lund University, Sweden-1994, p.256-257. 
18 !bid, p.257. 
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Costa Rica did nothave adequate instruments with financial resources to enable them to decrease the 
housing problem, especially the low-income sector ofthe population. They neerled to integrate and co
ordinate these institutions so they could collectively tackle the housing problem ofthe country. But the 
economie crisis in the 80s affected Costa Rica and had consequences for the national standard of 
living. Not only for the poor but also for the middle income families it was difficult to obtain decent 
housing. Tensionsin the housing sector were among others caused byi9: 

• ineffective state policies and projects • decrease in purchasing power of popuiatien 
• increase in costs for building materials • high popuiatien growth rate 
• increasing costs of financing • increase in internal (urban) migration 

Illegal accupation of lands became the way for the low-income population to find housing. Especially 
in the Greater Metropolifan Area (Gran Area Metropolitana GAM) the extent of the crisis was 
showed by the arising of squatter settlements (tugurios). 

In 1986 the Nationa/.financing System for Housing ( Sistema Financiero Nacional para la Vivienda 
SFNV) has been created. This finance system was established to approach the problems in an effective 
and co-ordinated manoer with the necessary legal and financial instruments. The basic objectives are: 

Promate savings and national and international investments. 
Integrate public and private institutes who finance housing (Mutual Associations, private banks 
etc.). 
Establish the Housing Mortgage Bank (Banco Hipotecario de la Vivienda BANHVI) as a public 
ruling entity. 

New administrative structures were created like The Special Housing Commission (Comisión Especial 
de Vivienda) which was the executive branch ofthe National Emergency Commission. At the same 
time non-govemmental and non-profit organisations were established like the Foundationfor Rural 
Housing (Fundación de Vivienda Rural FVR) and the Housing Promotion Foundation (Fundación 
Promotora de Vivienda FUPROVI). 

The Ministry of Housing and Human Settlements (Ministerio de Vivienda y Asentamientos Humanos 
MIVAH) is in function since 1986 and still not approved by the Legislative Assembly. It had been the 
leading govemmental agency of the National.financing System for Housing. The mi nistry did not 
execute building projects by itself, but regulates and finances the construction of houses all over the 
country. Housing programmes promote housing with dimensions between36m2 and 60m2

• 

The BANHVI became the co-ordinating entity of the National.financing System for Housing. It works 
with authorised entities like State Banks and co-operatives. Financial resources come from the Central 
government, the Agency for International Development (AID), Instant Lottery and the Agricultura1 
Credit Bank of Cartago. It has two funds the National Housing Fund (Fondo Nacional para la 
Vivienda FONA VI) and the Housing Subsidy Fund (Fondo de Subsidios para la Vivienda). The 
objective is to meet the constitutional right of all citizens to provide decent housing. For this purpose 
the Family Housing Bond (Bono Familiar de Vivienda BFV) has been created to offer loans. The 
National.financing System for Housing has been reformed and the subsidy metbod for the permitted 
families (BFV) has become a free gift in 1991. 

19 Landaeta, G., Strategiesjor Low-income Housing, a comparative study on Nicaragua, Mexico, Guatemala, Cuba, Panama, Cos/a Rica 
and El Salvador, Department of Architecture and Development Studies Lund University, Sweden-1994, p.258. 
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3 Appendix Theoretica! issues 
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3.1 Production factors 

Production factor: 
• definition 
• briefdescription of the production factor 
• possible impact of the production factors on the construction process 

Basic Project characteristics 

Building system: 
the construction method used to make the hearing construction for the roof as well as the extemal 
walls. The system influence the use of equipment and the necessary knowledge and skilis ofthe 
employees and the company. Unfamiliar or Iabour intensive building systems can be time consuming. 
Location: 
the location ofthe project. The elimate ofCosta Rica depends mainly on the altitude and geographical 
location. The elimate at certain places can be very unfavourable for the construction process. 
Soil type and soil gradient: 
kind of soil the project has been built u pon. A project which has to be build upon a hillside might take 
more time compared with a project on a plane building site. 
Floor space houses: 
total amount of inhabitable floor surface. The floor surface effects the volume ofthe house and the 
construction time. 
Construction period: 
the months during which the execution ofthe project took place. There is a rainy season from April till 
November and the elimate may have negative influence on the construction process. 
Construction area: 
the size ofthe construction area. A relatively small construction area could be unfavourable for the 
construction time. 
Project size: 
the total number of houses built per project. Large project sizes could be either favourable or 
unfavourable for the total construction time. 
Available services: 
the provided services on site. Services include water and electricity, which are essential for the 
construction of houses. lf one of these are missing it might negatively effect the construction process. 

Input 

Raw materials: 
materials used in-situ to construct building elements. Materials of a bad quality or damaged materials 
can not be used and have to be delivered again. If raw materials are scarce it is unpredictable when 
they are av~ilable. This could be unfavourable for the construction time. 
Prefabricated elements: 
elements ready made in fabric to construct building elements on site. The size and shape determine the 
necessary equipment and organisation. The technology level ofthe elements determines the minimal 
professional skilis and knowledge of employees. It is a disadvantage that they could be damaged 
during transportation or during storage on site. The contractor depends on the supplier ofthe elements 
for the delivery on time. Prefabrication in a fabric can be an advantage. One does not depend on the 
weather to construct an element. The circumstances in a fabric might result in a product of a higher 
quality which can be favourable for the construction time. 
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Technoware 

Type of equipment: 
the technological standard of the equipment: non-electrical or electrical equipment. Advanced 
(electrical) equipment needs employees with enough skilis and knowledge to make use of. Advanced 
equipment can be favourable for the quality ofthe work and decreasing ofthe construction time. 
Maintenance of equipment: 
to what extent equipment is maintained and who is the responsible for the maintenance of equipment. 
Ifthere is no maintenance, the equipment has more chance to break down. lt is also difficult to 
anticipate on equipment problems and to keep new equipment in reserve. lt can be time-consuming 
befere equipment is available again. If equipment has been rented, the provider is responsible for the 
quality ofthe equipment. 
Available spare parts: 
to what degree are spare parts in stock to be able to execute repairing activities to the equipment. 
Spare parts for repairing activities can increase the availability of the equipment which could be 
favourable for the construction time. 

Humanware 

Quantity of employees: 
the permanentor temporary number of project managers, foremen, skilied and unskilled labourers 
werking on the project. Overcrewding and undermanning of employees can both have a negative 
effect with regard to the construction time. 
Experience employees: 
the degree of experience ofthe employees with the construction system ofthe project. A large extent 
of experience can contribute to a lower construction time. Advantages of employees familiar with the 
construction system are: fewer mistakes, less training necessary and the change of solving problems 
by themselves. 
Knowledge employees: 
the highest finished education of project managers, foremen, skilied and unskilled labourers werking 
on the project. Cernparing employees with professional knowledge and these without, one might 
expect less dependent labourers. These employeesneed less assistance and can solve problems easier 
on their own. 
(The necessary knowledge depends also on the complexity ofthe construction system. Employees 
with many years of experience are very valuable during the construction process.) 
Absenteeism employees: 
most common reasens for project managers, foremen, skilied and unskilled labourers leading to 
absenteeism at the project. Employees who do not show up can cause a delay in construction time. 

lnforware 

Specialist literature: 
the availab 1e local and foreign periodicals, magazines or reviews. lnformation increases knowledge 
and keeps knowledge updated. Specialist literature keeps the contractor informed about the latest 
technologies and developments. This can be valuable to imprave the construction process and reduce 
to construction time. 
Planning documentation: 
available time planning procedures and progress control techniques. Thie information is essential for 
time management during the construction process. An optima! time management can decrease the 
construction time. 
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Documentation of machines: 
available manuals and specifications of machines. Operating instructions and specifications are 
essential to make optima! use of machines and avoid irreparable damage. Knowing the specifications 
makes it easier to maintain and repair machines. This might prevent more construction time. 
Technica! documentation: 
available norrus and regulations, construction procedures and doeurneuts of farmer projects. Technica! 
documentation is essential during the construction process. Wrong application of building materials 
can cause bad quality and additional work, which is unfavourable for the construction time. 
Material databases: 
available general material information and information about suppliers of building materials. 
Knowledge about available materials can facilitate the choice for best quality and service. 
Equipment databases: 
available equipment information and information about suppliers of equipment. Knowledge about 
(newly) available equipment can facilitate the best choice for quality and service. 

Orgaware 

Quality control materials: 
the way building materials controlled. Frequent control of incoming materials is favourable for 
improving the quality of houses and may help to avoid work that has to be redone. 
Safety precautions: 
all facilities to avoid accidents on site. Few accidents increase the availability of employees. 
favourable for the construction time. 
Directing on site: 
contact between skilied and unskilled employees and foreman or managers. Communication between 
managers and employees is necessary fora well-organised construction process. Problems, complaints 
and necessary information need directly to be noticed befare it might affect the proceedings and the 
atmosphere on site. This might hold-up the construction proceedings. 
Stealing ofmaterials and equipment: 
building materials and equipment stolen during the project. Disappearance of materials and equipment 
might delay the construction. Reptacement of stolen materials and equipment add additional casts and 
might effect the construction progress. 
Site protection: 
the way to proteet the building site. Better site proteetion could decrease the number of stolen 
materials and equipment. Disappearance ofmaterials and equipment could disturb the progress ofthe 
construction process. 

Output 

Law-ineome houses: 
houses with a tloor space between 36 and 60 square metres. 
Construction time: 
total time necessary for the construction of one law-ineome house. 
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Basic company characteristics 

Company size: 
the number of employees working at the company. Large companies might be provided with more 
equipment and knowledge. Advanced equipment and more knowledge could influence the 
construction process. 
Specialisation: 
campany's main building activities (specialisation). If a contractor is specialised in building law
ineome houses, the organisation, information, equipment and employees might be completely adapted 
to the constructing process ofthe law-ineome houses. This might decrease the construction time. 
Experience: 
housing experience ofthe building contractor during the past 10 years. More experiences in building 
law-ineome houses should be favourable for the performance ofthe construction process. 

Basic management characteristics 

Employment selection: 
criteria applied for the selection of employees. The more attention is paid to employment selection, the 
better the quality of the employees is guaranteed. 
Training jaci/i ties: 
available training facilities for personnel. Better training facilities cause an increase ofthe skilis and 
knowledge ofthe employees on long term. 
Up-down directing: 
the way and frequency of communication between with the company managementand the 
management on site. 
Co-operation: 
the degree of co-operation between contractors and relevant associations or organisations. 
R&D activities: 
the amount of employees engaged in Research and Development (R&D) activities. The execution of 
R&D activities can be favourable for the optimisation ofthe construction process. Contractors might 
invent faster construction systems to reduce the construction time. 
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4 Appendix Empirical issues 
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4.1 Authorised entities 

Entities authorised by the National Housing and Mortgage bank (BANHVI)2o. 

Mutual Alajuela 
Mutual Cartago 
Mutual Guanacaste 
Mutual Heredia 
Mutual La Vivienda 
Mutual Metropolitana 
Mutual de Desarrollo Comunal 

Coovivienda 
Viviendacoop R.L. 
Coocique R.L. 
Unacoop R.L. 

Banco Crédito Agrcola de Cartago 
Banco Solidarista 
Banco Popular 

Fundación Costa Rica-Canadá 

INVU (lnstituto Nacional de Vivienda y Urbanismo) 
I.N.S. (lnstituto Nacional de Seguros) 

20 Banco Hipotecario de la Vivienda, departamento de Comunicaciones, julio 1996. 
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4.2 List of investigated projects 

PROJECT1 
"Armonia", San Pablo de Barva, Heredia 
Sep/14/1992- Nov/3011993 
278 Houses: Prefab PC 
Floerspace ±36m2 

PROJECT5 
"El Minero", Los Juntos, Abaugares, Guanacaste 
Nov/111996 - Feb/28/1997 
37 Houses: Prefab PC 
Floer space ± 3 7 m2 

PROJECT? 
"Blanquillo", San Rafael de Oreamuno, Cartago 
Jun/111996- Nov/2711997 
322 Houses: Prefab PC, Zitro, Concrete blocks 
Floer space ± 42 m2 

PROJECT9 
"Las Frutales", San Rafael, Desamparados, San José 
Jun/1/1996- Aug/3011996 
71 Houses: Prefab PC 
Floer space ± 51.5 m2 

PROJECT 11 
"Andre Challe Il", Los sitios de Moravia 
May/5/1995 - Dec/111996 
131 Houses: Prefab PC 
Floer space ± 40 m2 

PROJECT13 
"La Paz", San Rafael de Ojo de Agua, Alajuela 
Mar/111988- Dec/2011989 
246 Houses: Concrete bleeks 
Floerspace ±42m2 

PROJECT18 
"Cacique Diria", Santa Cruz, Guanacaste 
Aug/1/1995- Sep/2711996 
160 Houses: Prefab PC 
Floer space ± 42 m2 

References 
PROJECT3 

"Juan Rafael Mora", San Felipe Alajuelita, San José 
120 Houses: Concrete blocks, Prefab PC, Zitro 
Floer space ± 36 m2 
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PROJECT2 
"Entebbe", Tres Rios, Cartago 
Feb/6 1995 - Jun/3011995 
157 Houses: Prefab PC 
Floerspace ± 58.50 m2 

PROJECT6 
"Los Laureles IV", Rincón Grande, Pavas, San José 
May/1/1990- Mar/3011991 
300 Houses: Concrete blocks 
Floerspace ± 36 m2 

PROJECT8 
"Valladolid r•, San Miguel Desamparados, San José 
Mar/7/1997 - Jun/26/1997 
69 Houses: Zitro 
Floer space ± 48 m2 

PROJECT 10 
"La Cataluna", San Isidro de Coronado, San José 
Nov/15/1996 - Dec/30/1996 
43 Houses: Prefab PC 
Floer space ± 51 m2 

PROJECT12 
"El Eden", Purral de Goicoechea 
Sep/11996- Apr/25/1997 
100 Houses: Prefab PC 
Floer space ± 50 m2 

PROJECT17 
"Pacuare", Limón 
Dec/17/1992- Jul/711993 
150 Houses: Prefab PC 
Floer space ± 36 m2 

PROJECT19 
"Proyecto Balsa", Balsa de Atena, Alajuela 
Jan/8/1996 - Mar/29/1996 
40 Houses: Bamboo 
Floor space ± 40 m2 

PROJECT 16 
"La Lu eh a", Ciruelas, A1ajuela 
Sistema Cantico 
Floor space ± 42 m2 



4.3 List of interviewed contractors 

Abel Gutierrez 
La Farmacia del Este, I OOm Este, Alajuela 
Tel. 442-I8I9 

Carroceria y Pintura (GAME) 
La Uruca, Carret. S.J.- Heredia SOm antes del rio Virilla, 200m Oeste 
Tel. 296-40SI, 296-40S2, Fax. 220-3349 

Casa Propia S.A. 
Apdo. 98- Guadalupe 
De la Clinica Católica SOm Oeste, I OOm Sur, Guadalupe 
Tel. 224-I649, 380-6837 

Castelion y Peniz S.A. 
Apdo. S80-2200 Coronado 
San Isidro de Coronado, De la Municipalidad 200m Oeste y 90m Norte 
Tei.229-4428,229-3872,Fax.229-1006 

Gompania Gonstructora lnternacional Terre S.A. 
Paseo Colon, Edificio Colon, 3° Piso, oficina S, San José 
Tel. 222-0944 
Paseo Colon, de Kentucky Fried Chicken 200m Norte, San José 
Tel. 2S8-2S06 

Construcciones Modulares 
SOOm Sur, SO Este del edificio La Contraloria, Sabana Sur 
Tel. 232-20S2, 290-00SJ 

Construcciones 0-P Asociados S.A. 
Apdo. 60-70SI Oreamuno 
San Rafael de Oreamuno, Cartago 
Tel. SS2-3024, Fax. SS2-3467 

Gonstructora ANED Limitada 
Apdo. 64I4-1000 San José 
Plaza del Sol, de Ja Paps Curridabat I OOm Sur, so Piso, San José 
Tel. 22S-6686, 758-I366, Fax. 225-7427 
Email. ConsAned@Soi.Racsa.Com.CR 

Gonstructora Gota S.A. 
Apdo. I4-11SO La Uruca 
Parqueo Barcelo Hotel San José Palacio lOOm Norte, 7Sm Este 
Tel. 231-4646, Fax. 23I-7I86 

Gonstructora LANU S.A. 
Apdo. 1I14- San José 
2Sm Este de Canal 4, Sn Fco de Guadalupe, San José 
Tel. 223-0175, Fax. 225-4047 

38 



Constructera Raisa 
Apdo. 1818-1 000 Paseo Estudiantes 
Paseo Estudiantes, avenida 8 y 10, San José 
Tei.223-9637,Fax.223-1119 

Corporación para la Vivienda S.A. (CORVISA) 
Apdo. 750-2050 San José 
lglesia San Pedro, Montes de Oca, 300m Sur, 200m Este 
Tel. 253-4244, Fax. 253-5985 

Fundación del Bambû (FUNDABAM) 
Apdo.21-1350 San Sebastián 
Unidad Admision de San Sebastian, 150m Sur, 150m Oeste (IMAS de Cristorey) 
Tel. 226-3939, 226-3870, Fax. 227-9311 
Email. Pbambu@sol.racsa.co.cr 

Fundación Promotora de Vivienda (FUPROVI) 
Apdo. 1231-1002 San José 
125m Estede Cutier Hammar, Moravia Centro 
Tel. 240-8056 

Su Casa Desarrolies de Viviendas 
Apdo. 2205-1 002 San Fransisco de Dos Rios 
Rotonda Y-griega 200m Estedel Parque 25m Norte, 125 Oeste San Fransisco de Dos Rios, San José 
Tel. 227-1212, Fax. 226-4830 

Viviendacoop 
San Pedro, Los Yoses, del Automercado 125m Sur, 75m Oeste 
Tel./ Fax. 234-6774, 283-5811 

Zilack lnternacional 
Apdo. 87-1002 Paseo Estudiantes, San José 
av 2-4, calle 11, edificio Aguilar 2° Piso, San José 
Tei.222-1674,223-3208,Fax.222-1512 
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4.4 Questionnaire (English) 

COS TA RICA 

Measuring the performance characteristics 

• Basic characteristics 

• Input 

• Technology 

• Output 

• Management characteristics 

Ing. P. T.J. Schreur 

tLV 
Eindhoven University of Technology 
International Technology and Development Studies, PO Box 513, 5600 MB Eindhoven, 
The Netherlands. 

CIVCO 
Centro de lnvestigaciones en Vivienda y Construcción 
Instituto Tecnológico de Costa Rica, Apdo. 159-7050, Cartago, Costa Rica. 
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INTRODUCT/ON 

Th is interview forms part of my graduating research to obtain the MSc. degree at the Eindhoven 
University of Technology in the Netherlands. The investigation is part of an agreement between 
CIVCO (Costa Rican Building Research Centre) and the Eindhoven University ofTechnology. This 
agreement allows students to obtain their M.Sc. after six months of investigating a subject chosen by 
the CIVCO. 

The first aim ofmy research is to evaluate the execution processofbuilding social housing and to 
recommend a bout how to imprave the performance of the contractors during the execution phase. The 
second aim is to develop a methodology for measuring the technological abilities ofthe contractors. 

Because ofthe fact that your company has been working on social housing projects I would like to 
gather the information I need for my investigation. I found your address with the help ofthe BANHVI 
(Banco Hipotecario de la Vivienda) and authorised entities for financing projects of social housing. 

The results of the interviews are strictly confidential and will only be used for my final thesis. The 
companies I interviewed will be mentioned in a general way like a list of contributors of my 
investigation. 

I expect that the total interview will take approximately one hour and deals with basic, management 
and technological characteristics ofthe contractor with respecttoa specific social housing project. 

The first 40 questions deal with the basic, technological and management characteristics of a project. 
The remaioder 9 questions deal with the basic and management characteristics ofthe company in 
genera I. 

Finally I would like to thank you very, very much for your collaboration you affered me contributing 
to the realisation of my investigation. 

Ing. Pascal T. J. Schreur 
M33 5317 

CIVCO 
Centra de lnvestigaciones en Vivienda y Construcción 
lnstituto Tecnológico de Costa Rica, Cartago 
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INTERVIEW 
Date: 

Place: 

Duration: 

RESPONDENT 
Surname(s): M/F 

···---------:-:----------·-----··-----·---··-·-······--·-····-·······-···--·-·---·-·-------·--------------------------1 
First name(s): 

---·-------------------·-·---·--------------·-·-·---------·------·-------·-----·-----------------------------1 
Function: 

------------------------·--------·---·--------·-----·---------·---·------·----·-·----------------------------------·---· 
Title: 

PROJECT 
Name: 

Address: 

·-·-------·---·----·---·-·-·------·-------·-·---------·-------- .............................................. ----------·---·-------·----·-·-·-----·--------·-------·--------------------------------1 
Apdo-City: 

Tel: 

-----·----------·-------·-----·-·-·-·--------·----·---·-----·-------·------·----·-----·-----·---·-·--------·--------------·----------·-------------1 
Fax: 

---------------·---·---·---·----------------------·---------.................................................... -------------·--·----·-·----·-----------·--·-·-·--·---·---·------
E-mail: 

COMPANY 
Name: 

Address: 

--------.............. _, _________ ........... - ..................................................................... _ ................................................... - .... ·-·----·-·-----------------·----------------------·--·--------------
Apdo-City: 

Tel: 

Fax: 

-----·-----------·-----·-----·----·---·---···-----·-----·----·--·-------·--·------ ...................................... - ............. _ .. ____ , ............. -.--------------··----·--·-·---------. ........ - .................... ______ .. , ______ 1 
E-mail: 
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I BASIC CHARACTERISTICS of the project project manager 

general information 
• General project information. 

Date project started: 

Date project finished: 

Present construction phase: 

Amount of dwellings built: 

Size of the complete building site: 
m2 

Average sizes of the building plots: 
m2 

Average size of the dwellings: 
m2 

Living room: Bath room: 
m2 m2 

Bedroom(s): Other: 
m2 m2 

Kitchen: Other: 
m2 m2 

elient of project 
• Who has been the elient f or the project? 

elient 
Association 

Corporatien 

Private investors 

Government 

Other:: 
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financial organisation 
• Which organisation financed the project? 

Mutual Alajuela Mutual Desarrollo Comunal Banco Solidarista 
Mutual Cartago Coovivienda R. L. Banco Popular 
Mutual Guanacaste Viviendacoop R.L. Fundación CR-Canada 
Mutual Heredia Coocique R.L. INVU 
Mutual La Vivienda Unacoop R.L. I.N.S. 
Mutual Metropolitana Banco Crédito Agrlcola de Cartago other: 

access to site 
• By what means is the building site accessible? 

Paved road in good condition 
Paved road in average condition 
Paved road in bad condition 
Unpaved road 
Other: 

type of soil 
• Indicate on what kind of soil the project has been built. 

plane slope 
Sand 
Gravel 
Rocks 
Volcanic stone 
Chalk 
Clay 
Other: 
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construction process 
• Descri he briejly the different steps during the construction process. 

Step 1 

Step 2 

Steo 3 

Step 4 

Step 5 

Step 6 
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self-help building 
• Wh i eh parts of the dwelling have been built with selfhelp of the future owners? 

[ ] There has been no self-help building activities 

notes 
Floer beds 

Foundations 

External walls 

lnternal walls 

Floers 

Roofs 

External walls completions 

lnternal walls completions 
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I INPUT of the project project manager 

construction system 
• Indicate the construction system of the project 

Bloque de concreto ESCOSA Arquimedis 2000 
PREF A Bambu Zócalo de bloques con pared madera 
Conerebam ESTRISA Casas Modulares Prefabricadas Madera 
Ladrillo de barro FACOLI Other system: 
Thermopanel Muro Seco 
ZITRO Ferrobambu 

construction type per element 
• Indicate the construction type per building element. 

concrete steel wood other prefab 
yln 

Floor beds 

Foundation 

external walls 

lnternal walls 

Floers 

Roots 

external walls completions 

internal walls completions 

Notes: 
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building materials 
• Indicate which materials are used for which element and als a indicate the supplier I self-made. 

materia Is supplier I self made 
floor beds 

foundation 

external walls 

internal walls 

floors 

roofs 

external frames and 
doors 
internal frames and 
doors 

Notes: 
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problems building materials 
• What kind of problems did you experience with respect to the building materials needed? 
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I TECHNOWARE project manager 

services at site 
• Indicate the services available on the building site. 

yes no 
Water 
Electricity 
Telephone conneetion 
lnfrastructure 
Sewerage (for rainwater) 
Sewerage (for sanitary) 

Notes: 

transportation available 
• Wh i eh means of transportation does the company have at its disposal? 

not available 
available amount own rented 

Motorcycle 
Passenger car 
4 wheel drive 
Bus 
Concrete truck 
Lorry, specify! 
Other: 
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equipment I owner of equipment 
• Indicate the equipment used for each element. A lso indicate if it is your own, hired, etc. 

EQUIPMENT (0) Own floorbeds foundation extern al interna I floors roots extern al internal 

(H) Hired walls walls frames and frames and 

(X) Other, specify! 
doors doors 

1. type measure 
2. levelling instrument 
3. broom 
4. sledgehammer 
5. hose 
6. plumb line 
7. triangle 
8. pickaxe 
9. hand saw 
10. axe 
11. chopper 
12. hammer 
13. hacksaw 
14. hand drill 
15. chisel 
16. clamp for bending cables 
17. wood-rasp 
18. carpenters brush 
19. pliers 
20. hook to tie up cables 
21. mason's trowel 
22. mason's crate 
23. marker 
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EQUIPMENT (0) Own floor beds foundation extern al internal floors roofs extern al interna I 

(H) Hired walls walls frames and frames and 

(X) Other, specify! 
doors doors 

24. rammer 
25. wheelbarrow 
26. bucket 
27. sieve 
28. combination wrench 
29. stairs 
30. spanner, wrench 
31. screwdriver, manual 
32. firmer chisel 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
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EQUIPMENT (0) Own floorbeds foundation extern al interna I floers roots external interna I 

(H) Hired walls walls frames and frames and 

(X) Other, specify! 
doors doors 

1. electrical saw 

2. screwdriver, electrical 
3. theodolite 
4. concrete mixer 
5. spanner, wrench, electrical 
6. shovel 
7. grinder 

8. hand welder 
9. drill 
10. lifting platform 
11. mobile crane 
12. pneumatic hammer 

13. sanding machine 
14. small size winch 
15. soil compacting machine 
16. generator 
17. table circular saw 
18. vibrating needie 
19. water pump 

20 .. concrete pump 
21. 
22. 
23. 
24. 
25. 
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jHUMANWARE project manager 

experience of labourers 
• How many ojyour employees did have experience with the used construction system? 

% with experience no experience at all 

project managers 

foremen 

skilied labourers 

unskilled labourers 

Notes: 

maintenance 
• Who maintains the equipment owned by the company? 

0) Speciallabourers ofthe company itself 
I) Employees working on the project 
2) Extemal organisation 
3) There is no maintenance 
4) Other: 
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knowledge of labourers 
• What is the number of permanentand temporary employees working on the project? 

• What education did they in genera/joflow before they became your employee? 

number of number of % % % % % % 

permanent temporary elementary secondary higher private state other, 

employees employees school education education university university specify! 

office personnet 

project managers 

foremen 

skilied labourers 

unskilled labourers 

Notes: 
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problems with employees 
• Indicate the problems experienced regarding the different Iabour types mentioned in the table. 

% % % % % % 

none insufficient insufficient skilis insufficient motivation other, specify! 

people available knowledge problems 

office persennel 

project managers 

foremen 

skilied labourers 

unskilled labourers 

Notes: 
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understanding of blueprints 
• Which ojthe labourers can understand the blueprints? 

% of the employees 

project managers 

foremen 

skilied labourers 

unskilled labourers 

health situation of labourers 
• What are the main reasonsfor absenteeism among your employees? 

% % % % % % 

na absence fractures illness alcoholism drugs abuse other, specify! 

project managers 

foremen 

skilied labourers 

unskilled labourers 

R&D activities 
• Are there any labourers who undertake Research and Development activities? 

[ ] No 
1 employee 2 employees 3 employees other: 

full-time 
halftime 
at random 
other, specify! 
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ltNFORWARE project manager 

available specialist literature 
• To which periodicals, magazines or reviews is the company subscribed? 

narnes I title's country of origin 

available documentation 
• Indicate what kind of documentation is available. 

available Spanish English laid down in laid down in computer 
yin documents, books system, programs 

construction procedures, 
techniques 
time planning procedures 

prog re ss control 
techniques 
cost control techniques 

manuals of machines 

specifications of machines 

norms, regulations 

documents former 
projects 
computer software 
manuals 
other: 
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available databases 
• What kinds of databases are availab/e? 

computer database documented database 
information of materials 

information of equipment 

prices of materials 

prices of equipment 

suppliers of materials 

suppliers of equipment 

other: 

information network 
• Indicate which organisations are in contact with the company or co-operate with the company? 

Are these local or joreign ties? 

membership forma I informal foreign local 
contact contact 

Cámera Costarricense de Construcción 

Trade association 

Chamber of commerce 

Employer's organisation 

Management association 

Educational association 

Research association 

University or higher educational inst. 

Government bureau (specify) 

Technica! bureau 

Other: 
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co-operation with head office 
• Is feedback given to the head office ofthe company? 

[ ] Never feedback given 

once a week once every once every once every other: 
twoweeks three weeks fourweeks 

During meetings 
Reports 
Other, specify! 
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jORGAWARE project manager 

reasons for hiring equipment 
• Ifthe equipment is hired, what reasons do your company hasfor choosingjor this option? 

0) Less costs for the company 
1) Maintenance and other services effered by hiring the equipment 
2) Uncertainty with respect to continuos use of owned equipment 
3) Company can not buy the equipment because of a lack of finances 
4) Company can not buy the equipment because it is local not available 
5) Other:: 

administration equipment on site 
• What kind of administration equipment did you have at your disposal? 

available amount 
y/n 

computer 
modem 
printer 
portable telephone 
fax 
copy-machine 
calculator 
typewriter 
walkie talkie 
telephone 
other: 
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capacity limitation 
• Have there been subcontractors working on the project? 
• Please indicatefor whatjobs andjor which reasans 

[ ] No subcontractors at all 
Reasons: 

A) because of unexpected increase in demand 
B) because of Jack of time by unforeseen delays 
C) because of Jack of labourers 
D) because of organisation itself has insufficient knowledge of production methods 
E) because of geographical distance 
F) because to obtain financial profits 
G) because of expected probierus in capacity of the machines 
H) other, specify reason(s) I 

jobs raasons 

floor beds 

foundation 

external walls 

internal walls 

floors 

roofs 

external frames and doors 

internal frames and doors 

Notes: 
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spare parts in stock 
• Does the company have spareparts in stockfor maintenance andrepair ofthe equipment? 

0) No 
I) Yes, for simp Ie maintenance I repair 
2) Yes, for common maintenance I repair 
3) Yes, for complicated maintenance I repair 
4) Other: 

What problems do you have with obtaining spare parts? 

continuation of Iabour 
• Indicate the jrequency stock-outs of the materials or equipment and write down which are 

sometimes/often/always out of stock. 

which materials 

materia Is: never 

seldam 

sametimes 

often 

always 

equipment: never 

seldam 

sametimes 

aften 

always 

Notes: 
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execution of quality control 
• lndicate jor which materials, used during the project, quality control is done and how? 

[ ] No quality control at all 

0) 
1) 

At random 
Everything 

A) 
B) 
C) 
D) 

materia Is 

Visually 
With simple measuring instruments on site 
With complex measuring instruments in a lab 
Other: specify! 

0 
A B c 

quality control 

1 
D A 8 c D 
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safety precautions 
• Which safety precautions are compulsory? 

helmets safety safety eye ear other: 
beits shoes proteetion proteetion 

in general 

during drilling 

during welding 

during hoisting 

during concrete dumping 

other: 

down-up directing 
• Indicate in which way unskilled and skilied employees do have contact with the foreman, 

project manager and office personnel about problems, constraint and request for information. 

problems complaints information 
verbally written verbally written verbally written 

to foreman 

to project manager 

to company management 

to office personnel 

other: 
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losses caused by stealing 
• Indicate which building materials or equipment during the project have been stolen. 

1 time 2 times 3 times 4 times or more 

materials 

equipment 

Notes: 

site proteetion 
• How has the building site been protected? 

0) No proteetion 
1) By a non locked fence 
2) By a locked fence 
3) By a security guard 
4) By a non locked fence and a security guard 
5) By a locked fence and a security guard 
6) Other: 
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jOUTPUT project manager 

delay in time and cests 
• Indicate the planned and actual construction period in months and contract value in Colones. 

Planned: ........................ Months Actual: ........................ Months 

Planned: ......................... ~ Actual: ............... .......... rt 

reasens fer time delays 
• What are the main causes experienced by your company for delays during construction time? 

Lack of labourers Lack of knowledge and/or skilis among labourers 
Lack of materials Lack of experience among project management 
Lack of equipment Disputes between parties involved in the project 
Lack of supervision on site Occurrence of extra works during construction time 
Wrong planning Plot problems (for example: problems with water 
Lack of funds supply, electricity, telephone, accessibility, etc.) 

Other, specify! 

reasens fer cost delays 
• What are the ma in causes experienced by your company for deviations from the cost planning 

during construction time? 

lncrease of Iabour costs Exceeding agreed construction time 
lncrease of materials costs Works which have to be redene 
lncrease of equipment costs Occurrence of extra werk during construction time 
Unrealistic planning Lack of eest control during construction time 
Lack of funds Lack of experience among project management 

Other, specify! 
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deliver up 
• Have there been afinal inspectionfor the dwellings ofthe project and how is this done? 

0) 
1) 
2) 

None 
At random 
Everything 

floor beds 

foundation 

external walls 

internal walls 

floers 

roots 

A) 
B) 
C) 
D) 

external frames and doors 

internal frames and doors 

Visually 
With simple measuring instruments on site 
With complex measuring instruments in a lab 
Other: specify! 

0 
A B 

final inspeetion 

1 
c D 

2 
A B c D 
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deviate from terms of reference 
• Describe the differences between the actual construction and the way it is described in the terms ojreference? 

terms of raferenee actual ditterences 
floor beds 

foundation 

external walls 

internal walls 

floers 

roots 

external frames and doors 

internal frames and doors 
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I MANAGEMENT CHARACTERISTICS of the company company manager 

management origin 
• What is the origin of management ofthe company? 

0) 
1) 

Loc al 
Foreign Country of origin: ....................................................... . 

2) Partly local, partly foreign Percentages: ............... % local ............... % foreign 

management objectives 
• What are the objectives of the management? 

0) To make more money 
I) Provide a product with high quality 
2) Create more employment 
3) Provide a product which local people really need 
4) To contribute to the national development housing objectives 
5) To use more Iabour intensive techniques 
6) To use most modern techniques 
7) To grow and expand the organisation 
8) To stay ahead ofthe competition 
9) To make the country less dependent offoreign assistance 
10) Other: 
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employment selection 
• What criteria are appliedfor the employment selection? 

unskilled skilied foreman project office 

Iabour Iabour managers persennel 

standard application farms 

review of school or study certificates 

review of persennel recommendations 

review of social backgrounds 

interview by superior 

standardised tests 

practice testing on the job 

other: 

Notes: 

training facilities 
• What kind oftrainingjacilities do youprovidejor your employees? 

none office project foreman skilied unskilled 
personnel managers Iabour Iabour 

training on the job within the organisation itself 

compulsory training outside the organisation during 
working time 
compulsory training outside the organisation during 
employee's free-time with campensatien 
compulsory training outside the organisation during 
employee's free-time without campensatien 
training outside the country 

other: 
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up-down directing 
• Indicate how the management informs the employees of the company. 

never seldom (less than somatimes (once often (more that one 
one time a month) between every two time each two 

or four weeks) weeks) 
verbally, from management 
to lower levels 
with u se of notice board 

with persennelletters to all 
employees 
other: 
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I BASIC CHARACTERISTICS of the company company manager 

size I workfield of organisation 
• Indicate the worlifield ofthe organisation and indicate the size ofthe organisation. 

0) International werkfield 
1) Local werkfield 

0) 
1) 
2) 

less than 10 employees 
between 10 and 15 employees 
between 15 and 25 employees 

company's specialisation 

3) 
4) 
5) 

between 25 and 35 employees 
between 35 and 50 employees 
more than 50 employees 

• What are the companies building specialisation? 

landscape and land use civil engineering works 
industrial building administrative and commercial buildings 
religieus buildings health and welfare building 
residential buildings higher class, private education, cultural and scientific buildings 
residential buildings middle class, private residential buildings special purpose (elderly people, 

students, etc.) 
residential buildings social family housing other: 

competition 
• In what field is competition experienced? 

foreign small medium large 
contractors contractors (<15 contractors (15- contractors (>25 

employees) 25 employees) employees) 
price 
quality 
knowhow 
other: 
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activities from the past 
• Indicate the different types of projects and types of clients the company has been working on the last I 0 years. 

number of government housing private association other: 
projects corporations investors 

landscape and land use 

civil engineering works 

industrial building 

administrative and commercial buildings 

health and welfare building 

education, cultural and scientific buildings 

religieus buildings 

residential buildings higher class private 

residential buildings middle class private 

residential buildings social family housing (subsidised) 

residential buildings special purpose (elderly people, 
students, etc.) 
other: 
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4.5 Collected data 

Basic project characteristics 

Building system Floor space houses [m2) Project size and site area Location 

# · amount of houses · total site area {m 2
} 

2 sistema Prefa pc 59 157 Tres Rios, province of Cartago 
10 sistema Prefa pc 51 43 10,000 Coronado, province of Cartago 
9 sistema Prefa pc 52 71 17,422 Desamparados, province of San 

José 
17 sistema Prefa pc 36 150 Limón, province of Limón 

11 sistema Prefa pc 40 131 40,000 Moravia, province of Cartago 
1 sistema Prefa pc 36 278 56,800 Barva, province of Heredia 
12 sistema Prefa pc 50 100 80,000 Goicoechea, province of San 

José 
18 sistema Prefa pc 42 160 50,000 Santa Cruz, province of 

Guanacaste 
5 sistema Prefa pc 37 37 10,000 Abangares, province of 

Guanacaste 

6 Concrete blocks 36 300 Pavas, province of San José 

15 Concrete bleeks 60 120 50,647 San Nicolás, province of Cartago 
13 Concrete bleeks 42 246 60,000 San Rafael de ojo de agua, 

province of Alajuela 

8 Zitro 48 66 63,000 Desamparados, province of San 
José 

19 Bamboo 40 40 Balsa de Atenas, province of 
Alajuela 

7 Prefa pc, Zitro, Concrete blocks 42 322 Oreamuno, province of Cartago 

3 Concrete blocks, Prefa, Zitro 36 1 18,000 Alajuelita, province of San José 
16 Cantico 42 
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Construction period Soil type and soil gradient Available services 
# Start End · soil type · soil gradient 

2 6-Feb-95 30-Jun-95 sand, clay plane, slope water, electricity 
10 15-Nov-96 30-Dec-96 clay plane water, electricity 
9 1-Jun-96 30-Aug-96 clay, rock plane, slope water, electricity, telephone 
17 17-Dec-92 3-Jul-93 clay slope water, electricity, telephone 

11 5-May-96 1-Dec-96 lime, clay plane water, electricity 
1 14-Sep-92 30-Nov-93 sand, clay plane, slope water, electricity, telephone 
12 1-Sep-96 25-Apr-97 clay plane, slope water, electricity, telephone 
18 1-Aug-95 27-Sep-96 clay, black soil plane water, electricity 
5 1-Nov-96 28-Feb-97 gravel plane water, electricity 

6 1-May-90 30-Mar-91 clay plane water, electricity, telephone 

15 1-Nov-92 1-0ct-93 sand plane water, electricity, telephone 
13 1-Mar-88 20-Dec-89 clay plane water, electricity, telephone 

8 7-Mar-97 26-Jun-97 clay slope water, electricity, telephone 
19 8-Jan-96 29-Mar-96 clay plane water, electricity 
7 1-Jun-96 28-Nov-97 clay plane water, electricity 

3 gravel, clay plane, slope water, electricity, telephone 
16 - clay plane electricity 
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Client Self-help 
# 

2 government, National Emergency no 
Commission 

10 government, National Emergency no 
Commission (INVU) 

9 government (INVU) 
17 government 

11 association 
1 individual buyers 
12 association 
18 government 
5 families 

6 government 

15 individual families 
13 private investors 

8 association 
19 association 
7 families 

3 families 
16 -

no 
only additional parts of walls, 
roofs, doors and windows 

no 
no 
no 
no 
no 

no 

no 
no 

no 
yes 
yes, everything 

everything under supervision 
no 
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Input characteristics 

Raw materials and prefabricated elements 
# · floorbeds · foundations · extemal wa/Is · intemal wa/Is · floors 

2 cast in-situ concrete cast in-situ concrete prefab concrete elements in-situ wood structure, plywood no floors 
10 cast in-situ concrete cast in-situ concrete prefab concrete elements in-situ wood frame, prefab no floors 

Fibrolit 
9 cast in-situ concrete cast in-situ concrete prefab concrete elements in-situ wood frame, prefab no floors 

Fibrolit 
17 cast in-situ concrete cast in-situ concrete prefab concrete blocks prefab concrete blocks no floors 

11 cast in-situ concrete cast in-situ concrete prefab concrete elements in-situ wood structure, plywood no floors 
1 cast in-situ concrete cast in-situ concrete prefab concrete elements in-situ wood structure, Durpanel no floors 

sheets 
12 cast in-situ concrete cast in-situ concrete prefab concrete elements in-situ wood no floors 
18 cast in-situ concrete cast in-situ concrete prefab concrete elements in-situ wood structure, plywood no tloors 
5 cast in-situ concrete cast in-situ concrete prefab concrete elements in-situ wood structure, plywood no tloors 

6 cast in-situ concrete cast in-situ concrete prefab concrete blocks prefab concrete blocks (only wood structure 
bath room) 

15 cast in-situ concrete cast in-situ concrete prefab concrete blocks prefab concrete blocks no floors 
13 cast in-situ concrete cast in-situ concrete prefab concrete blocks prefab concrete blocks no floors 

8 cast in-situ concrete cast in-situ concrete prefab concrete elements prefab concrete elements no floors 
19 cast in-situ concrete cast in-situ concrete prefab bamboo, in situ plaster prefab bamboo no floors 
7 cast in-situ concrete cast in-situ concrete prefab concrete elements prefab concrete elements (only no floors 

bath room) 

3 cast in-situ concrete cast in-situ concrete prefab concrete blocks, prefab in-situ wood structure, plates no tloors 
concrete elements 

16 prefab concrete elements no foundations prefab concrete elements prefab concrete elements no floors 
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# · roots · extemal frames and doors 

2 in-situ steel structure, galvanised prefab wood frame, plywood 
steel roofing material doors 

· internat frames and doors 
prefab wood frame, plywood 
doors 

Problems with materials 

no 

10 in-situ wood structure, in-situ wood frame, wood doors prefab wood frame, wood doors no 

9 
galvanised roofing sheets 
in-situ wood structure, 
galvanised roofing sheets 

17 in-situ wood structure, 
galvanised roofing sheets 

11 in-situ wood structure, 
galvanised roofing sheets 
in-situ wood structure, 
galvanised roofing sheets 

12 in-situ wood structure, 
galvanised roofing sheets 

18 in-situ wood structure, 
galvanised roofing sheets 

5 in-situ wood structure, 
galvanised roofing sheets 

6 in-situ wood structure, 
galvanised roofing sheets 

15 in-situ wood structure, 
galvanised roofing sheets 

13 in-situ wood structure, 
galvanised roofing sheets 

8 in-situ wood structure, 
galvanised roofing sheets 

19 in-situ wood structure, 
galvanised roofing sheets 

7 in-situ wood structure, 
galvanised roofing sheets 

3 in-situ wood structure, 
galvanised roofing sheets 

16 in-situ steel structure and 
galvanised roofing sheets 

prefab wood frame, wood doors prefab wood frame, wood doors 

prefab wood frame, wood doors prefab wood frame, wood doors 

prefab wood frame, plywood 
doors 
in-situ wood frame, wood doors 

in-situ wood frame, wood doors 

in-situ wood frame, wood doors 

in-situ wood frame, plywood 
doors 

in-situ wood frame, plywood 
doors 

in-situ wood frame, prefab 
woeden doors 
in-situ wood frame, plywood 
doors 

prefab wood frame, plywood 
doors 
in-situ wood frame, wood doors 

in-situ wood frame, wood doors 

in-situ wood frame, wood doors 

in-situ wood frame, plywood 
doors 

in-situ wood frame, plywood 
doors 

in-situ wood frame, prefab 
woeden doors 
in-situ wood frame, plywood 
doors 

prefab wood frame, wood doors no 

in-situ wood frame, wood doors in-situ wood frame, wood doors 

in-situ wood frame, wood doors no 

in-situ wood no 

aluminium frame windows no 

quality (prefab concrete elements), supply (wash-basin), 5% of the 
material always disappears 
quality (doors and frames), irregular quality and dimensions (wood), 
irregular dimensions, quality (prefab concrete elements) 

supply of materials 

supply (prefab concrete elements) 

supply, quality of materials 

no 

no 

supply (wood and doors) 

low quality concrete bleeks, wood not fully dry 

supply (concrete bleeks) 

supply of materials 

no 

quality (stones) 
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Technoware 

Type of equipment 
# · non-electrical equipment · owner non-electrical equipment · electrical equipment [amount] · owner electrical equipment 

[amount] 
2 31 pieces 78% contractor, 22% employees 9 pieces 32% contractor, 68% rented 
10 28 pieces 1 00% contractor 15 pieces 1 00% contractor 
9 32 pieces 50% contractor, 50% employees 10 pieces 80% contractor, 20% rented 
17 28 pieces 1 00% contractor 9 pieces 1 00% contractor 

11 31 pieces 52% contractor, 48% employees 20 pieces . 10% contractor, 50% employees, 40% rent 
1 29 pieces 1 00% contractor 8 pieces 1 00% contractor 
12 30 pieces 87% contractor, 3% rented 20 pieces 25% contractor, 75% rented 
18 27 pieces 96% contractor, 4% rented 6 pieces 1 00% contractor 
5 19 pieces 4 7% contractor, 53% employees 3 pieces 23% contractor, 67% subcontractor 

6 22 pieces 50% contractor, 50% employees 7 pieces 1 00% contractor 

15 24 pieces 1 00% contractor 5 pieces 80% contractor, 20% rented 
13 20 pieces 1 00% subcontractor 6 pieces 100% subcontractor 

8 20 pieces 60% contractor, 40% employees 5 pieces 1 00% contractor 
19 21 pieces 100% subcontractor 5 pieces 100% subcontractor 
7 13 pieces 100% families 1 piece 100% families 

3 
16 -
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Maintenance of equipment Available spareparts 
# 

2 external organisation no 
10 labourers of the company for common maintenance/repair 
9 external organisation, employees for common maintenance/repair 

on site 
17 labourers of the company yes for complicated 

maintenance/reparations 

11 external organisation for common maintenance/repair 
1 external organisation no 
12 external organisation no 
18 labourers of the company yes, for simple 

maintenance/repair 
5 employees on site no 

6 external organisation no 

15 labourers of the company yes, for simple maintenance 
13 no maintenance no 

8 external organisation no 
19 external organisation no 
7 employees on site no 

3 no 
16 - no 
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Humanware 

Quantity of employees 
# · project managers · foremen · skilied labourers · unskiffed labourers 

2 1 temporary 1 permanent, 2 temporary 16 temporary 40 temporary 
10 1 permanent 1 permanent 20 temporary 30 temporary 
9 2 permanent 1 permanent 4 permanent, 12 temporary 4 permanent, 20 temporary 
17 3 permanent 1 permanent, 2 temporary 5 permanent, 5 temporary 20 permanent, 15 temporary 

11 1 permanent 1 permanent 15 permanent, 15 temporary 75 permanent, 5 temporary 
1 2 permanent 7 permanent 35 permanent 70 temporal 
12 1 permanent 1 permanent 10 permanent, 8 temporary 1 0 temporary 
18 -
5 1 permanent 5 permanent 6 permanent 

6 1 permanent 1 permanent 25 temporary 45 temporary 

15 1 permanent 1 permanent 12 temporary 10 temporary 
13 1 permanent 1 0 permanent 100 temporary 100 temporary 

8 2 permanent 2 permanent 15 temporary 30 temporary 
19 1 permanent 1 permanent 
7 1 permanent 1 permanent 1 permanent social instructor on site all families 

3 
16 1 permanent 1 permanent 5 permanent, 40 temporary 100 temporary 

83 



Experience employees 
# · project managers · foremen · skilied labourers · unskil/ed labourers 
2 100% 100% 25% none 
10 100% 100% 100% 100% 
9 100% 100% 75% 25% 
17 75% 100% 80% 50% 

11 100% 100% 70% 50% 
1 90% 90% 80% 10% 
12 100% 100% 100% 50% 
18 100% 100% 60% 50% 
5 100% 100% 100% 50% 

6 100% 100% 100% 100% 

15 100% 100% 100% 0% 
13 100% 50% 50% 30% 

8 100% 100% 100% 70% 
19 100% 80% 
7 100% 100% 100% 5% 

3 100% 80% none none 
16 none none none none 
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Knowledge employees 
# · project managers 

2 state university 
1 0 secondary education 

9 50% secondary education, 50% state 
university 

17 state university 

· foremen 
higher education 
secondary education 

secondary education 

secondary education 

11 20% secondary education, 80% higher education secondary education 
1 university secondary school 
12 state university secondary education 
18 -
5 secondary education 

6 state university 

15 state university 
13 secondary education 

8 50% higher education, 50% state 
university 

19 state university 
7 state university 

3 
16 -
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secondary education 

secondary education 
primary school 

higher education 

higher education 
higher education 

· skilied labourers 
primary school 
75% primary school, 25% secondary 
education 
75% primary school, 25% secondary 
education 
50% primary school, 50% secondary 
education 

primary school 
secondary education 

secondary education 

50% primary school, 50% secondary 
school 

primary school 
primary school 

30% secondary school, 70% higher 
education 

state university 

· unskil/ed labourers 

no finished education 
85% primary school, 15% secondary 
education 
90% primary school, 10% secondary 
education 
70% primary school, 30% secondary 
education 

no finished education 
primary school 

100% primary education 

90% primary school, 10% secondary 
education 

primary school 
primary school 

80% primary school, 20% secondary 
school 

50% primary school 



Absenteeism employees 
# · project managers · foremen · skilied labourers · unskil/ed labourers 
2 none none alcoholism 
10 none none alcoholism alcoholism 
9 none illness, alcoholism accidents, illness, alcoholism, family accidents, illness, alcoholism, drug abuse, 

problems family problems 
17 illness fractures, illness fractures, illness, alcoholism fractures, illness, alcoholism, drug abuse 

11 illness never absent illness, alcoholism illness, alcoholism 
1 none none laziness alcoholism, drug abuse 
12 illness illness alcoholism and drug abuse alcoholism and drug abuse 
18 alcoholism alcoholism alcoholism alcoholism 
5 none none none none 

6 persennel reasons illness accidents, illness, alcoholism accidents, illness, alcoholism 

15 illness illness, alcoholism illness, alcoholism illness, alcoholism 
13 none alcoholism alcoholism (Mondays) alcoholism (Mondays) 

8 none illness alcoholism alcoholism 
19 none none 
7 none none none 

3 
16 -
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Common problems employees 
# · project managers 

2 none 
10 none 
9 none 

17 none 

11 insufficient employees, insufficient skills, 
insufficient knowledge, motivation 
problems 

1 none 
12 none 

18 insufficient skilis 
5 none 

6 none 

15 motivation problems 
13 none 

8 none 
19 responsibility 
7 none 

3 
16 -
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· foremen 
no problems 
none 
insufficient employees, insufficient skilis 

none 

insufficient employees, insufficient skills, 
insufficient knowledge, motivation 
problems 
leadership 
none 

insufficient skilis 
none 

insufficient employees 

insufficient skilis 

insufficient knowledge 
responsibility 
none 

· skilied labourers 
none 
none 
insufficient employees, insufficient skills, 
insufficient knowledge, motivation 
none 

insufficient employees, insufficient skills, 
insufficient knowledge, motivation 
problems 
insufficient employees available 
insufficient employees, motivation 
problems 
liquor consumption 
none 

insufficient employees, motivation 
problems 

insufficient skilis 
insufficient employees 

insufficient knowledge 

none 

· unskilled labourers 
no problems 
none 
insufficient employees, insufficient skills, 
insufficient knowledge 
insufficient skilis 

9% insufficient employees, 5% insufficient 
skills, 12% insufficient knowledge, 4% 
motivation problems 
motivation problems 
insufficient knowledge, insufficient skilis 

liquor consumption 
none 

5% motivation problems 

insufficient skills, insufficient knowledge 
insufficient employees 

insufficient knowledge 

insufficient employees, motivation 
problems 



Understanding blueprints 
# · project managers · foremen · skilied labourers · unskilled labourers 

2 100% 100% 100% none 
10 100% 100% 30% none 
9 100% 90% 25% 5% 
17 100% 100% 100% 50% 

11 100% 100% 70% none 
1 100% 80% 80% none 
12 100% 100% 80% none 
18 3% 30% no none 
5 100% 100% 50% none 

6 100% 100% 20% none 

15 100% 100% 50% none 
13 100% 100% no none 

8 100% 100% 80% 40% 
19 100% 100% 
7 100% 100% 5% 

3 
16 100% 100% 50% 10% 
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lnforware 

Documentation 
# · construction procedures · time planning procedures · progress control techniques · cost control techniques · manuals of machines 
2 computer computer computer computer none 
10 documents documents, computer documents, computer documents, computer documents 
9 documents documents, computer documents, computer documents documents, computer 
17 documents, computer documents, computer documents, computer documents, computer documents 

11 computer no documents, computer documents, computer documents 
1 documents, computer computer computer computer computer 
12 documents documents computer documents, computer documents, computer 
18 yes no yes no yes 
5 no no computer computer no 

6 documents no no computer documents 

15 computer computer computer computer documents 
13 no no no no no 

8 documents computer computer computer documents 
19 documents documents documents, computer documents documents 
7 documents no computer computer no 

3 no documents, computer documents, computer documents, computer documents, computer 
16 no yes yes yes yes 
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# · specifications of machines · norms, regu/ations · documents former projects · computer software man u als 

2 none computer none none 
10 documents documents documents, computer documents, computer 
9 documents documents documents, computer documents, computer 
17 documents documents documents documents 

11 documents computer documents, computer documents, computer 
1 computer documents computer computer 
12 documents documents documents, computer documents, computer 
18 no no no no 
5 no documents documents, computer documents 

6 documents documents documents, computer documents 

15 documents documents no computer 
13 no no no no 

8 documents documents documents documents 
19 documents documents no documents, computer 
7 no no no no 

3 documents documents no documents 
16 yes yes no yes 
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Databases 
# · material information · equipment information · material prices · equipment prices · material suppliers · equipment supp/iers 

2 computer computer computer computer computer computer 
10 documents documents no documents documents documents 
9 documents documents documents documents documents documents 
17 documents, computer documents, computer documents, computer documents, computer documents documents, computer 

11 documents, computer documents documents documents documents documents 
1 documents, computer documents, computer documents, computer documents documents, computer documents 
12 documents documents documents, computer documents documents documents 
18 documents documents documents no documents no 
5 no no computer no computer no 

6 documents documents documents documents documents documents 

15 computer documents documents documents documents documents 
13 no no no no no no 

8 documents, computer computer documents, computer documents, computer documents, computer computer 
19 documents documents documents documents computer computer 
7 documents, computer documents, computer documents, computer documents, computer documents, computer documents, computer 

3 documents, computer documents, computer documents, computer documents, computer documents, computer documents, computer 
16 computer documents documents, computer documents documents documents 
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Orgaware 

Quality control materials Final quality control 
# · visual on site · simple instruments on site · complex instruments in lab · visual on site · simple instruments on site · complex instrument in lab 
2 prefab concrete elements, no no ext. and int. walls, roofs, no floor beds, foundations 

wood ext. and int. walls 
completions 

10 at random: all materials: no no at random: external and roofs, internal and external floor beds, foundations 
internal walls doors and windows 

9 at random: prefab prefab elements, roofing no all elements floor beds and foundations no 
elements, roofing sheets, sheets, electrical goods, 
electrical goods, fibrolit: for fibrolit, polyester-tubes 
each material , wood and 
adhesives 

17 prefab concrete elements door and window frames at random: concrete floor floor beds, ext. and int. no at random: foundations 
beds walls, roofs, ext. and int. 

doors and windows 

11 all materials no no floor beds, foundation, no no 
external and internal walls 

no at random: concrete and no no floor beds, foundations, no 
prefab system external walls 

12 no no concrete, tubes everything no no 
18 all materials no no at random: all materials no no 
5 prefab concrete elements, no no at random: floor beds, no no 

wood internal walls, int. doors and 
windows, ext. doors and 
windows 

6 all materials concrete blocks concrete, concrete blocks everything no no 

15 at random: wood, paint at random: concrete no everything no no 
13 wood, blocks, roofing no no everything no no 

sheets, plywood (doors), 
Durpanel (ceilings) 
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8 all materials at random: some materials no external and internal walls floor beds, foundations, no 
roots, doors and windows 

19 wood, blocks, bamboo, wood, blocks, bamboo no all materials int. and ext. walls, int. and no 
cement ext. doors and windows 

7 prefab elements, sand, no no all elements no no 
stones, cement 

3 concrete blocks, in-situ no no no no no 
concrete, concrete 
elements 

16 no no at random: concrete 
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Safety precautions 
# · helmets · safety shoes · eye proteetion · ear proteetion 

2 no no welding no 
10 no no no no 
9 in general during welding during drilling and welding no 
17 in general in general during welding during drilling 

11 no no during welding no 
1 hoisting, cast concrete hoisting, cast concrete welding, cast concrete welding, cast concrete 
12 during hoisting during casting concrete during welding during drilling 
18 no no during welding no 
5 no no wood manufacture no 

6 in general no no wood manufacture, concrete 
chipping 

15 in general no during welding no 
13 no no during welding no 

8 no in genera!, during welding, during in genera!, during welding no 
hoisting 

19 no no no no 
7 no no no no 

3 no drilling drilling, welding drilling 
16 in general no during welding no 
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Directing on site Stealing of materials and equipment 
# · problems · comp/aints · information · materlafs · equipment 
2 verbal verbal written 4 times or more 1 time 
10 verbal verbal verbal 4 times or more no 
9 verbal verbal verbal and written 4 times or more 1 time 
17 verbal verbal verbal 4 times or more 2 times 

11 verbal verbal verbal 4 times or more no 
1 written written verbal 3 times 3 times 
12 verbal verbal verbal 2 times 1 time 
18 verbal verbal 2 times no 
5 verbal verbal verbal none none 

6 verbal verbal verbal 4 times or more 4 times or more 

15 verbal verbal 3 times no 
13 verbal verbal verbal 4 times or more 4 times or more 

8 verbal verbal verbal and written 3 times no 
19 verbal verbal verbal, written no no 
7 verbal verbal verbal no no 

3 verbal verbal written 
16 verbal verbal verbal 1 time no 
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Site proteetion Reason to rent equipment 

# 
2 security guard less costs, uncertainty with 

regard to continuos use of 
equipment 

1 0 security guard nothing rented 
9 locked fence and a security guard less costs 
17 security guard nothing rented 

11 locked fence and security guard less costs, uncertainty future use 
of equipment 

1 security guard less costs (only heavy machines) 
12 security guard maintenance and other services 

included 
18 none locked fence and security nothing rented 

guard 
5 none less costs 

Administration equipment on Subcontracting 
site 

telephone, calculator 

mobile telephone, calculator 
calculator, telephone line 

mobile telephone, 4 calculators, 
typewriter 
telephone, calculator 
mobile telephone, calculator 

mobile telephone, calculator, 
fixed telephone 
1 calculator, 1 walkie talkie 

· jobs subcontractors 
roof, ext. walls completions, int. 
walls completions 

none 
none 
all elements 

everything 

civil engineering works 
internal walls, internal and 
external doors and windows 

none 

· reasans subcontracting 
roofs: insufficient knowledge, int. 
and ext. doors and windows: 
financial profits 

more production capacity 

lack of time by u nforeseen 
delays, lack of labourers 
obtain financial profit 
experiment 

obtain financial profits 

6 security guard less costs, maintenance included, computer, calculator, walkie
very specialised equipment used talkie 

none 

15 security guard 

13 security guard 

8 security guard 

19 no 

7 security guard 

3 security guard 
16 none locked fence and security 

guard 

for short period 

nothing rented 

nothing rented 

less costs 

obtain financial profit 

less costs 

mobile telephone, calculator, 
typewriter, walkie-talkie 
telephone 

computer, mobile telephone, 
calculator 

external and internal doors and 
windows 
everything 

none 

obtain financial profit 

obtain financial profit (no social 
insurance), lack of employees 

computer, modem, printer, fax, floor beds, plaster int. and ext. cost reduction, create local 
employment, give local 
employees experience with new 
technologies 

calculator, beeper ( central office) walls, roofs, doors and windows 

computer, printer, calculator, 
typewriter, walkie-talkie 

computer, mobile telephone, 
calculator 

heavy civil works insufficient knowledge 

none no subcontractors 
floor beds, external walls, internal insufficient knowledge of 
walls, external doors and production methods, obtain 
windows financial profits 
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Materials and equipment in 
stock 

# · stock-out of matenals 

2 seldom: prefab concrete 
elements 

10 no 
9 sometimes: wash-basins, 

seldom: prefab elements 
17 no 

11 no 
1 no 
12 sometimes: cement, tubes 
18 -
5 no 

6 sometimes: plywood 

15 sometimes: concrete blocks 

13 sometimes: concrete blocks 

8 no 
19 sometimes: wood supply 
7 no 

3 
16 -
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· stock-out of equipment 
no 

sametimes heavy machines 
no 

sometimes: soil perforator/dril! 

no 
aften: hoisting crane 
no 

no 

no 

sometimes: wheelbarrows, 
seldom: concrete mixer 
no 

no 
no 
no 



Output characteristics 

Building system Floor space houses (m2) Project size and site area Construction period 
# · amount of houses · total site area {m 2

} ·start ·end 
2 sistema Prefa pc 59 157 6-Feb-95 30-Jun-95 
10 sistema Prefa pc 51 43 10,000 15-Nov-96 30-Dec-96 
9 sistema Prefa pc 52 71 17,422 1-Jun-96 30-Aug-96 
17 sistema Prefa pc 36 150 17-Dec-92 3-Jul-93 

11 sistema Prefa pc 40 131 40,000 5-May-96 1-Dec-96 
1 sistema Prefa pc 36 278 56,800 14-Sep-92 30-Nov-93 
12 sistema Prefa pc 50 100 80,000 1-Sep-96 25-Apr-97 
18 sistema Prefa pc 42 160 50,000 1-Aug-95 27-Sep-96 
5 sistema Prefa pc 37 37 10,000 1-Nov-96 28-Feb-97 

6 Concrete blocks 36 300 1-May-90 30-Mar-91 

15 Concrete blocks 60 120 50,647 1-Nov-92 1-0ct-93 
13 Concrete blocks 42 246 60,000 1-Mar-88 20-Dec-89 

8 Zitro 48 66 63,000 7-Mar-97 26-Jun-97 
19 Bamboo 40 40 8-Jan-96 29-Mar-96 
7 sistema Prefa pc, Zitro, etc. 42 322 1-Jun-96 28-Nov-97 

3 Concrete blocks, Prefa, 36 1 18,000 
Zitro 

16 Cantica 42 
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Construction time Production output Time deviation 
# · time [days] · building time [days · building Time 1 · production m2/day · main reasans time deviation 

house [days 

2 144 96 0.61 96.63 36% more than planned extra work during construction, problems 
with services 

10 45 32 0.75 68.23 15 days less than planned none 
9 90 60 0.85 61.24 50% more than planned lack of funds, additional work during 

construction 
17 198 124 0.83 43.40 

11 210 143 1.09 36.64 lack of materials, lack of equipment, bad 
weather 

1 442 293 1.05 34.19 17% more than planned bad weather 
12 236 152 1.52 32.99 14% more than planned bad weather 
18 423 279 1.74 24.07 disputes between parties involved in the 

project, bad weather 
5 119 75 2.03 18.25 50% more than planned bad weather 

6 333 216 0.72 50.03 89% more than planned lack of labourers, materials and funds, 
extra work during construction, bad 
weather 

15 334 218 1.81 33.09 20% more than planned lack of labourers, lack of materials, lack of 
funds, governmental permits 

13 659 442 1.80 23.39 lack of materia Is 

8 111 72 1.10 43.83 bad weather 
19 81 53 1.32 30.27 25% more than planned problems with site services 
7 545 362 1.13 37.33 lack of labourers, lack of funds, bad 

weather 

3 40% more than planned lack of labourers, lack of materials, lack of 
equipment, disputes between parties 
involved, bad weather 

16 - lack of funds, bad weather 
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Management characteristics company 

Employment selection 
# · standard app/ication forms · review schoollstudy certificates · review personnel recommend. · review social backgrounds · interview by superior 
2 project managers, office 

personnel 
foremen skilied Iabour no no 

10 no 

9 no 

no 

all employees 

skilied labourers, foremen, 
project manager, office personnel 
all employees 

no 

no 

no 

foremen, project manager, office 
persennel 

17 office personnel project manager, office personnel skilied labourers, foremen, skilied labourers, foremen, foremen, project manager, office 
project manager, office personnel project manager, office personnel personnel 

11 no 

1 no 
12 no 

18 -
5 no 

6 no 

office personnel skilied labourers, foremen, 
project manager 

no no 
project manager, office personnel skilied and unskilled labourers, 

project manager, office personnel 

project manager, office personnel skilied and unskilled labourers, 
foremen 

project manager, office persennel foremen, project manager, office 
persennel 

15 foremen, project managers, office project managers, office skilied labourers, foremen 
personnel personnel 

13 no office personnel office personnel 

8 no foremen, project manager, office foremen, project manager, office 
personnel personnel 

19 no foremen, project manager foremen, project manager 
7 no no no 

3 
16 no office persennel alllabourers 

no skilied labourers, foremen, 
project manager 

no no 
no foremen 

no no 

no foremen, project manager, office 
persennel 

no foremen, project managers, office 
persennel 

no no 

no no 

no foremen, project manager 
no no 

foremen, project managers, office foremen, project managers, office 
personnel persennel 
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Training facilities 
# · standardised tests · practice testing on the job ·on thejob · else during work time · e/se in tree-time compensated 
2 no skilied labourers all employees no no 
10 no skilied labourers, foremen, no office personnet no 

project manager 
9 no all employees skilied werkers, foremen, project skilied werkers, foremen, project no 

manager manager 
17 foremen, project manager, office skilied labourers, foremen, unskilled labourers, skilied unskilled labourers, skilied project manager, office personnet 

personnet project manager. office personnet labourers, foremen, project labourers, foremen, project 
manager, office personnet manager, office personnet 

11 no skilied labourers, foremen, all employees no no 
project manager 

1 no all employees all employees no no 
12 no foremen skilied and unskilled labourers project manager, office personnet no 
18 - no no no 
5 no skilied and unskilled labourers, no no no 

foremen 

6 no skilied and unskilled labourers, no no no 
foremen 

15 no unskilled labourers, skilied skilied labourers, foremen project managers, office foremen, project managers, office 
labourers personnet personnet 

13 no no no no no 

8 foremen, project manager no no no no 
19 no no no no no 
7 no no skilied workers no no 

3 
16 no no no no no 
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# R&D activities contractor Up-down directing Co-operation 
· e/se in tree-time not compensat. · Cámera Cost. de Construcción · Trade association 

2 no at random: 1 employee often: verbal member no 
10 no at random: 2 employees often: verbal informal contact no 
9 no no often: verba!, seldom: notice informal contact format and informal contact 

board 
17 project manager, office personnet half time: 2 employees often: verba!, notice board, member no 

personnetletters 

11 no no sometimes: verbal 
1 no full time: 2 employees daily: during meeting informal contact format contact 
12 no no often: verbal member member 
18 no no often: verba!, personnetletters no format contact 
5 no at random: 1 employee often: verbal member no 

6 foremen no often: verbal member no 

15 no no often: verba!, sometimes: notice format contact format contact 
board, seldom: personnetletters 

13 no no often: verbal no no 

8 no half time: 1 employee often: verbal member format contact 
19 no full time: 1 employee, half time: 3 often: verba!, sometimes: informal contact 

employees personnet letters 
7 no no often: meeting once a week no no 

3 full time: 3 employees, half time: often: verbal member, format contact format contact 
2 employees 

16 no seldom: verbal 
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# 
· Chamber of commerce · Employer's organisation · Management association · Educational association · Research association 

2 no no no no no 
10 no no no no no 
9 informal contact no member, formal contact informal contact informal contact 
17 no no no no no 

11 -
1 tormal contact no no no informal contact 
12 no no informal contact informal contact no 
18 tormal contact no no no no 
5 no no no no no 

6 no no no no no 

15 formal contact informal contact no no informal contact 
13 no no no no no 

8 member tormal contact tormal contact tormal contact forma! contact 
19 no no informal contact no no 
7 no no no no no 

3 member, forma! contact forma! contact informal contact forma! contact informal contact 
16 -
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# Specialist literature 
· University or higher educ. in st. · Govemment bureau · Technica/ bureau · Local · Foreign 

2 no no no 3 construction mag. no 
10 no intormal contact intormal contact 1 newspaper, 1 construction no 

mag. 
9 tormal contact intormal contact tormal and intormal contact 2 construction mag. 2 construction magazines (USA) 
17 toreign tormal and intormal tormal and informal contact formal and intormal contact 2 constr. mag., 1 financial mag. 3 construction mag. (USA, GB) 2 

contact financial mag.(USA, GB) 

11 -
1 formal contact formal contact tormal contact 2 newspapers, 1 financial no 

newspaper 
12 informal contact no no 1 construction mag. 2 construction magazines (USA, 

Guatemala) 
18 no tormal contact no none no 
5 no no no 3 newspapers, 3 construction no 

mag., 1 financial mag. 

6 no tormal contact formal contact 2 newspapers, 3 construction 2 constr. mag. (USA) 
mag., 1 financial mag. 

15 informal contact no no 1 construction mag. no 
13 no no no 1 newspaper no 

8 informal contact formal contact formal contact 1 construction mag. no 
19 forma! contact (external and formal contact member 1 construction mag. 3 construction mag. (USA, Japan, 

local) India) 
7 no no no 2 construction mag. no 

3 intormal contact informal contact informal contact 3 newspapers no 
16 - 1 daily newspaper, 1 financial 1 weekly financial mag. (USA) 

mag. 
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# Ma in management objectives 

2 make profit, contribute to national objectives 
10 make profit, product of high quality, create more employment 
9 high quality for a good price 
17 make profit, create more employment, high quality, construct locally needed product, contribute to national objectives, use modern techniques, expand organisation, be 

ahead of competence 

11 product with high quality, contribute to national objectives, expand organisation 
1 high quality, contribute to natiorial objectives, grow and expand the organisation 
12 make profit, be ahead of competence 
18 create more employment, contribute to national objectives, expand organisation 
5 make profit, provide product with high quality, create more employment, provide a product people local need, contribute to national objectives 

6 make profit, product of high quality, contribute to national objectives, stay ahead of competition 

15 make profit, contribute to national objectives, stay ahead of competence 
13 make profit, high quality, provide product locally needed, contribute to national objective, stay ahead of competition 

8 grow and expand the organisation 
19 create more employment, contribute to national objectives, make country less dependent of foreign assistance 
7 product of high quality, provide a product people local need, contribute to national objectives 

3 provide a product of high quality, create employment, make country less depended on external help 
16 make profit, contribute to national objectives, use modern techniques, expand organisation, be ahead of competence 
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Basic company characteristics 

Company size 
# 
2 less than 10 employees 

10 between 1 0 and 15 employees 

9 less than 1 0 employees 

17 between 35 and 50 employees or more 

11 more than 50 employees 
1 more than 50 employees 

12 between 1 0-15 employees 

18 between 15 and 25 employees 
5 between 15-25 employees 

6 less than 1 0 employees 

Specialisation 

law-ineome housing 

civil engineering work 

allround 

allround 

allround 
infrastructure, urbanisation, law-ineome 
housing, buildings for special purpose 
law-ineome housing 

infrastructure works, low-income housing 
high, middle class housing, law-ineome 
houses 

law-ineome housing, civil works, 
administrative and commercial buildings, 
hotels and taurist villas 

Experience low-income housing Competition 

low-income: 225 projects, middle class: 35 small contractors: price, quality, 
projects experience 
low-income: 1000 houses, high class: 2 small contractors: price, experience, 
houses middle size contractors: experience, large 

low-income: 300 houses, middle class 80 
houses, high class: 15 houses 
low-income: 150 houses 

low-income: 104 projects (2,578 houses) 

low-income: 8 projects 

law-ineome houses 
low-income: 5 projects, middle class: 6 
projects, high class: 2 projects 

low-income: 1,618 houses, middle class: 
60 houses, high class 4 houses 

contractors: quality, experience 
middle class contractors: price, quality 
and experience 
all contractors: price, quality, experience 

all contractors: price 
large contractors: quality, experience, 

small contractors: price, large contractors: 
quality, experience 

small contractors: price, middle size 
contractors: price, quality, large 
contractors: quality, experience 

smal! contractors: price, middle size 
contractors: price, quality, experience, 
large contractors: price, quality, 
experience 
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Company size 
# 
15 between 1 0 and 15 employees 

13 less than 10 employees 

8 Ie ss than 10 employees 

19 between 35 and 50 employees 

7 more than 50 employees 

3 more than 50 employees 

16 -
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Specialisation 

eivil engineering works, buildings for 
middle elass, law-ineome housing 

infrastructure and urbanisation 

allround 

law-ineome housing 

law-ineome housing 

allround 

Experience law-ineome housing 

law-ineome housing: 400 houses, middle 
elass: 200 houses 

low-income: 2 projects 

low-income: 8 projeets, middle class: 5 
projeets, high elass: 3 projeets 
low-income: 13 housing projeets 

low-ineome: 35 housing projeets (8,000 
houses) 

high class housing, middle elass housing, -
law-ineome housing 

Competition 

small eontraetors: priee, middle size 
contractors: priee, large contraetors: 
quality, experience 
small contractors: price, quality 

middle size contractors: price, large 
eontractors: priee and experienee 
no eompetition beeause of rural working 
are as 
small, middle size and large eontractors: 
experience 

middle-size eontraetors: priee, quality, 
experienee 
large eontraetors: priee, quality, 
experience 



5 Appendix Descriptive statistical data-analysis 
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Graphical presentation 
ofthe 

four main construction systems 
for low-income housing in Costa Rica 
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5.1 Prefa PC construction system 

.t 
~ I I 

..... _..J 

11 Se- excavan huecos de 
fundación para las columnas 
de 30x30x80 cm. En el fondo se 
coloca un sello de concreto 
delOcm. 

111 

Las baldoses se desliz.an a tra
vés de los conales previstos en 
las ca ras de las columnas. 

Finalmante se procedea col oe ar 
el elemento sobre el que se 
apoyará o fijará la estructura de 
techo, para loque se han dejado 
previstos pines de acero en la 
columna. Estos pines deben 
doblarse para asegurar la unión 
ent re solera y column a, 
usualmante se utiliz.a una solera 
de madera o un perfit de acero. 

Aunque no ha sido considerado 
en el diseno, este confnamiento 
adicional mejora notabiemen te 
el comportamlento estructural 
del sistema. dumentando asiel 
factor de segurldad. 

La columna se introduce 70 
cm. centradey a plomodentro 
delhueco. 

El procedimiento continua 
hasta compietor elpanode 
la pared. 

---------

l 

Para dejar empotradas las 
columnas , se rellenen los 
huecos con concreto de una 
resistencia minima a la 
compresión de 175 kg/cm2. 

I--

\--

1---- i 
\---

}---

• Seguidamente se repiten los 
pasos anterioras en coda pano 
hasta compietor la obra. 

------------



DISTRIBUCION ARQUITECTONICA 

11 Baldesa Prefabricada. 

IJ Columna Prefabricada. 

11 Vlga Solera (Madera o 
Pertil de Acero. 

5 

11 Construcclón de Soporte 
para Cubierta de Techo. 

11 Cublerta Lamlna Uvlana. 



5.2 Zitro construction system 

1 

3 

5 
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TUOO IIIEnnO 0 25mm 

TRANSPORTE Y ALMACENAMIENTO 
Se usa un lubode hierroB25mm lntroducido 

en los ganchos del panel , y 4 obreros 

MONTAJE DE PANELES Y ARRIOSTRADO 
El montaje se realiza con una cuadrilla de 4 obreros. 

Arriostres de madera clavados al panel. 

TU80 COllOUIT CElDAS EN JUlilAS 
OE PANELES 

INSTALAGION DE LOS DUCTOS ELECTRICOS 
Y DE AGUA POTABLE 

COLA DO DE JUNTAS con rnortero lluido 
(Ie= 140 kg/cm2) 

2 

4 

6 

ZANJEO Y COLADO DE DADOS 
Zanja de 20 cm x 30 cm 

Dados de concreto de 10x10x10 cm 
Colados con concreto de bajo revenimiento (muy seco) 

COLADO DE FUNDAGIONES 
Se chorrea concreto en una resistencia 

f"c= 210 kg/cm2, empotrando los paneles 10 cm. 

INSTALAGION DE VIGA CORONA 
0 SOLERA DE MADERA 

Se fija doblando los pine! del panel. 



VIGA CORONA 0 SOLERA 

NIVEL DE CIELO·- - ---

0.20-r=== : .... 
DOVELA .• I· 

OPCIONAL 

NIVEL DEPISO 

LOSA DE CONTRAPISO 

VIGA CORONA 

NIVEL DE CIELO 

PANELZITRO 

DOVELADE VARILLA M3 x 1.00 
lij) JUNTA DE PANEL 

NIVEL DE PISO 

MURO DE BLOQUE 0 
CONCRETO COLADO 

-- -f.20 

DETALLE DESNIVEL ENTI{E PAI!EDES 

ISOMETRICO ESOUEMATICO 

!.OI .L Ul' 

I 14 



5.3 Construction with Concrete b/ocks 

'i6' - :..:,_-

115 



Pared con Patarrá Corto Pared Convencional 

A B 
CONVENCIONAL CON CARGADOR DE PC 



5.4 Construction with Bamboo 
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Vivienda fabricada de paneles de bambu 
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5.5 Results 

Symbols: 
n amount of projects 
x average 
A group with production speed > 40 m2 floor space per day 
8 group with production speed < 40 m2 floor space per day 

Basic project characteristics 

Tab. 5-1 Location 

Prefa PC -Province x A: n=4 8: n=4 
San José 27% 1 1 
Cartago 33% 2 1 
Alajuela 13% 0 0 
Guanacaste 13% 0 2 
Heredia 7% 0 1 
Limón 7% 1 0 

Tab. 5-2 Soil type and soil gradient 

Prefa PC 
x A: n=4 8: n=5 

clay 60% 2 2 
sand 7% 0 0 
clay and sand 13% 1 1 
rock/gravel 13% 0 2 
clay and rock 7% 1 0 

plane 60% 1 3 
slope 13% 1 0 
plane and slope 27% 2 2 

Tab. 5-3 Floor space houses 

Prefa PC 
x A: n=4 8: n=5 
44.7 49.5 41 

Tab. 5-4 Construction period 

Prefa PC 
x A: n=4 8:n=5 

Dry season (Dec-Mar) 20% 1 1 
Rain season (Apr-Nov) 20% 1 1 
Dry and rain season 60% 2 3 
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Concrete blocks 
A: n=1 8: n=2 

1 0 
0 1 
0 1 
0 0 
0 0 
0 0 

Concrete blocks 
A: n=1 8: n=2 

1 1 
0 1 
0 0 
0 0 
0 0 

1 2 
0 .0 
0 0 

Concrete blocks 
A: n=1 8: n=2 

36 51 

Concrete blocks 
A: n=1 8:n=2 

0 0 
0 0 
1 2 

Zitro 
n=1 

1 
0 
0 
0 
0 
0 

Zitro 
n=1 

1 
0 
0 
0 
0 

0 
1 
0 

Zitro 
n=1 
48 

Zitro 
n=1 

1 
0 
0 

8amboo 
n=1 

0 
0 
1 
0 
0 
0 

8amboo 
n=1 

1 
0 
0 
0 
0 

1 
0 
0 

8amboo 
n=1 
40 

8amboo 
n=1 
0 
1 
0 

Fuprovi 
n=1 
0 
1 
0 
0 
0 
0 

Fuprovi 
n=1 

1 
0 
0 
0 
0 

1 
0 
0 

Fuprovi 
n=1 
42 

Fuprovi 
n=1 
0 
0 
1 



Tab. 5-5 Project size and site area 

Average amount of houses 
Average plot area/house [m2] 
Average site area [x1 000 m2] 
Average site area/house [m2

] 

Tab. 5-6 Avai/able services 

water 
electricity 
telephone conneetion 

Input 

-
x 

148 

37.6 
291 

x 
100% 
100% 
53% 

Tab. 5-7 Materials external walls 

Prefa PC 
A: n=3 B: n=5 

88 141 

14.4 47.4 
194 378 

Prefa PC 
A: n=4 B: n=5 

4 5 
4 5 
2 2 

Concrete bleeks 
A: n=1 B:n=2 

300 183 

33.6 55.3 
112 333 

Concrete bleeks 
A: n=1 B: n=2 

1 2 
1 2 
1 2 

Bambeo Concrete bleeks Prefa PC 

Zitro 
n=1 

69 

15.8 
229 

Zitro 
n=1 

1 
1 
1 

Zitro 

Bambeo 
n=1 

40 

14.6 
365 

Bambeo 
n=1 

1 
1 
0 

Fuprovi 
n=1 
322 

72.1 
224 

Fuprovi 
n=1 

1 
1 
0 

concrete bleeks 
prefab bambeo frame 
mortar 

concrete bleeks 
mortar 

prefab columns prefab vertical elements 
prefab horizontal elements mortar 

steel bars mortar 

Tab. 5-8 Materials internal walls 

Concrete bleeks Plywood Fibrolit Prefa PC Zitro 

concrete bleeks 
mortar 

wood frame 
plywood sheets 

wood/steel frame prefab columns prefab vertical elements 
prefab cement prefab horizontal elements mortar 

steel bars sheets mortar 

Tab. 5-9 Prefabricated materials 

Prefa PC Zitro 
A n=4 B n=5 n=1 

Foundations 4 cast in-situ 5 cast in-situ cast in-situ 
Floor beds 4 cast in-situ 5 cast in-situ cast in-situ 
External walls 4 prefab elements 5 prefab elements prefab elements 
lnternal walls 3 in-situ wood 5 in-situ wood prefab elements 

1 prefab bleeks 
Roots 3 in-situ wood 5 in-situ wood in-situ wood 

1 in-situ steel 
Frames and doors 4 prefab 5 in-situ prefab 

Concrete blocks Bamboe 
A n=1 B n=2 n=1 

Foundations 1 cast in-situ 2 cast in-situ cast in-situ 
Floor beds 1 cast in-situ 2 cast in-situ cast in-situ 
External walls 1 cast in-situ bleeks 2 cast in-situ blocks cast in-situ bamboa 
lnternal walls 1 cast in-situ bleeks 2 cast in-situ blocks cast n-situ bamboe 
Roofs 1 in-situ wood 2 in-situ wood in-situ wood 
Frames and doors 1 in-situ wood 2 in-situ wood in-situ wood 
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Throughput 

Technoware 

Tab. 5-10 Equipment distribution 

non-electrical 
Electrical 

Prefa PC 
A B 
30 pieces 
11 pieces 

27 pieces 
11 pieces 

Tab. 5-1 I Common electrical equipment 

Concrete blocks 
B 

22 pieces 
7 pieces 

22 pieces 
6 pieces 

Zitro 

20 pieces 
5 pieces 

Bamboa Fuprovi 

21 pieces 13 pieces 
5 pieces 1 piece 

Prefa PC Concrete bleeks Zitro Bamboa Fuprovi 
x A: n=4 B:n=5 A: n=1 B: n=2 n=1 n=1 n=1 

electric saw 

• int. walls 27% 1 3 0 0 0 0 0 

• roofs 73% 3 4 1 1 1 1 0 

• frames and doors 60% 3 4 0 1 0 1 0 
concrete mixer 

• foundations 93% 4 5 1 2 1 1 0 

• floorbeds 100% 4 5 1 2 1 1 1 

• ext. walls 73% 3 3 1 1 1 1 1 
electric drill 

• roofs 33% 3 1 0 0 1 0 0 

• frames and doors 53% 2 4 1 0 1 0 0 
sanding machine 

• frames and doors 73% 4 4 2 0 0 0 
soil compacting machine 

• foundations 33% 2 2 0 0 0 0 

• floorbeds 67% 4 3 1 1 0 0 
vibrating needie concrete 

• foundations 27% 2 2 0 0 0 0 0 
• floorbeds 40% 3 3 0 0 0 0 0 
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Tab. 5-12 Equipment used per element 

Non-e leetrical Electrical 

>40% >60% >80% >40% >60% >80% 
Foundations triangle, hand type measure, hose, pickaxe, concrete 

saw, chopper, levelling mason's trowel, mixer 
hacksaw, hook instrument, wheelbarrow, 
to bend or tie up hammer, shovel bucket 
steel bar, pliers, 
rammer, sieve 

Floorbeds broom, hand sledgehammer, type measure, soil concrete 
saw, chisel, hammer, sieve levelling compacting mixer 
hook to bend or instrument, machine 
tie up steel hose, pickaxe, 
bars, shovel mason's trowel, 

rammer, 
wheelbarrow, 
bucket 

Extemal wa/Is hose, triangle, type measure, concrete 
wheelbarrow, hacksaw, levelling mixer 
sieve, stairs mason's trowel, instrument, 

bucket plumb line, 
hammer 

lntemal wa/Is bucket, stairs plumb line, type measure, 
triangle, levelling 
hacksaw instrument, 

hammer 
Roots plumb line, levelling type measure, electric drill electric saw 

triangle instrument, hammer, 
stairs hacksaw 

Extemal frames plumb line, triangle, firmer type measure, electric drill, electric saw 
and doors hand drill, chisel levelling sanding 

spanner/wrench instrument, machine 
, screwdriver hammer, 

hacksaw, 
carpenters 
brush 

lntemal frames plumb line, firmer chisel type measure, electric electric drill 
and doors triangle, hand levelling saw, 

drill, screwdriver instrument, sanding 
hammer, machine 
hacksaw, 
carpenters 
brush 

Tab. 5-13 Maintenance of equipment 

Prefa PC Concrete blocks Zitro Bamboa Fuprovi -x A:n=4 B:n=5 A: n=1 B: n=2 n=1 n=1 n=1 
external company 53% 2 3 1 0 1 1 0 
labourers of the company 20% 1 1 0 1 0 0 0 
ext. company/employ. on site 7% 1 0 0 0 0 0 0 
employees on site 13% 0 1 0 0 0 0 1 
no maintenance 7% 0 0 0 1 0 0 0 
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Tab. 5-14 Available spareparts 

Prefa PC Concrete blocks Zitro Bamboo Fuprovi -x A: n=4 B: n=5 A: n=1 B:n=2 n=1 n=1 n=1 
no spare parts 67% 2 3 1 1 1 1 1 
for simple maintenance/repair 13% 0 1 0 1 0 0 0 
for common maint.lrepair 13% 1 1 0 0 0 0 0 
for complicated maint./repair 7% 1 0 0 0 0 0 0 

Hu manware 

Tab. 5-15 Quantity of employees 

Prefa PC Concrete bleeks Zitro Bamboo Fuprovi 
x A: n=4 B:n=4 A: n=1 B:n=2 n=1 n=1 n=1 

Permanent project managers 1.21 6 4 1 2 2 1 1 
Temporary project managers 0.07 1 0 0 0 0 0 0 
Permanent foremen 2.21 4 11 1 11 2 1 1 
temporary foremen 0.29 4 0 0 0 0 0 0 

average per project 3.75 3.75 2 6.5 4 2 2 
average per house 0.04 0.03 0.01 0.04 0.06 0.05 0.01 

Permanent skilied labourers 5.29 9 65 0 0 0 
Temporary skilied labourers 16.29 53 23 25 112 15 
Permanent unskilled labourers 7.5 24 81 0 0 0 
Temporary unskilled labourers 26.79 105 85 45 110 30 

average per project 47.75 63.5 70 111 45 
average per house 0.45 0.47 0.23 0.61 0.65 

Tab. 5-16 Experiences employees 

Prefa PC Concrete blocks Zitro Bamboo Fuprovi -x A:n=4 B:n=4 A: n=1 B:n=2 n=1 n=1 n=1 

project managers 93% 86% 95% 100% 100% 100% 100% 100% 
Foremen 80% 100% 93% 100% 55% 100% 80% 100% 
skilied labourers 83% 71% 82% 100% 55% 100% 
unskilled labourers 43% 41% 33% 100% 27% 70% 
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Tab. 5-17 Knowledge employees 

Prefa PC Concrete blocks -
x A: n=4 8: A: n=1 8: n=2 

n=4 
project managers 

University 72% 71% 75 100% 50% 
% 

higher education 10% 0% 20 0% 0% 
% 

secondary education 18% 29% 5% 0% 50% 
Foremen 
higher education 20% 38% 0% 0% 0% 
secondary education 51% 62% 100 100% 10% 

% 
primary school 29% 0% 0% 0% 90% 

skilied labourers 
higher education 3% 0% 0% 0% 0% 
secondary education 28% 23% 60 50% 0% 

% 
primary school 69% 77% 40 50% 100% 

% 
unskilled labourers 
secondary education 6% 13% 0% 10% 0% 
primary school 71% 56% 58 90% 100% 

% 
no finished education 23% 31% 42 0% 0% 

% 

Tab. 5-18 Absenteeism skilied and unskilled labourers 

insufficient employees 
insufficient skilis and knowledge 
motivation problems 
absent caused by alcohol 
absent caused by drug abuse 

Tab. 5-19 Employee characteristics 

permanent employees 
temporary employees 
no education 
primary education 
secondary education 
higher education 
university 
with experience 
without experience 
understand blueprints 

Skilied labourers 

46% 
23% 
31% 
69% 

Project 
manager 

94% 
6% 
0% 
0% 

17% 
12% 
71% 
94% 
6% 

100% 

Foremen 

66% 
34% 
0% 
31% 
47% 
22% 
0% 

81% 
19% 

100% 

Zitro Bamboa Fuprovi 
n=1 n=1 n=1 

50% 100% 100% 

50% 0% 0% 

0% 0% 0% 

100% 100% 100% 
0% 0% 0% 

0% 0% 0% 

70% 
30% 

0% 

20% 
80% 

0% 

Unskilled labourers 

Skilied 
labourers 

26% 
74% 
0% 

68% 
29% 
3% 
0% 

71% 
29% 
41% 

31% 
38% 
31% 
69% 
31% 

Unskilled 
labourers 

22% 
78% 
28% 
65% 
7% 
0% 
0% 

44% 
56% 
8% 
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lnforware 

Tab. 5-20 Specialist lirerature 

local magazines 
foreign magazines 

-x 
1.43 
0.86 

Prefa PC 
A: n=4 B: n=4 

8 4 
5 2 

Tab. 5-21 Planning, machine and technica/ documentation 

Prefa PC -x A: n=4 B:n=5 
planning documentation 

time planning procedures 60% 4 2 
progress control techniques 87% 4 5 

machine documentation 
man u als of machines 73% 3 4 
specifications of machines 67% 3 3 

technica! documentation 
construction procedures 87% 4 4 
nonns and regulations 80% 4 4 
documents tonner projects 60% 3 4 

Tab. 5-22 Documenta/ion characteristics 

documents computer 
planning documentation 

time planning procedures 15% 23% 
progress control techniques 0% 47% 

documentation of machines 
man u als of machines 8% 46% 
specifications of machines 8% 62% 

technica! documentation 
construction procedures 55% 15% 
nonns, regulations 15% 70% 
documents tonner projects 8% 15% 

Tab. 5-23 Materialand equipment databases 

Prefa PC 
-x A: n=4 B:n=5 

material databases 
material infonnation 87% 4 4 
material suppliers 93% 4 5 

equipment databases 
equipment infonnation 87% 4 4 
equipment suppliers 80% 4 3 
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Concrete bleeks 
A:n=1 B:n=2 

3 1 
2 0 

Concrete bleeks 
A: n=1 B: n=2 

0 
0 

1 1 
1 1 
1 0 

Zitro 
n=1 

1 
0 

Zitro 
n=1 

1 
1 

1 
1 

1 
1 
1 

documents and computer 

23% 
38% 

15% 
0% 

15% 
0% 
46% 

Concrete blocks Zitro 
A: n=1 B:n=2 n=1 

1 1 
1 1 

1 
1 

Bamboa 
n=1 

1 
3 

Bamboa 
n=1 

1 
1 

1 
1 
0 

Fuprovi 
n=1 

2 
0 

Fuprovi 
n=1 

0 
1 

0 
0 

1 
0 
0 

nothing 

39% 
15% 

31% 
30% 

15% 
15% 
31% 

Bamboa Fuprovi 
n=1 n=1 

1 
1 

1 1 
1 1 



Tab. 5-24 Database characteristics 

documents computer 
material databases 

material information 
material suppliers 

equipment databases 
equipment information 
equipment suppliers 

Orgaware 

7% 
22% 

14% 
21% 

43% 
50% 

50% 
43% 

Tab. 5-25 Quality control (always or at random) 

Prefa PC -x A: n=4 B: n=5 

visual on site 
prefab concrete, blocks 80% 4 3 
wood 73% 3 3 

simple instruments on site 
prefab concrete, blocks 40% 1 
wood 13% 0 

Tab. 5-26 Safety precautions 

Prefa PC 
-x A: n=4 B: n=5 

helmets 40% 2 2 
safety shoes 33% 2 2 
eye proteetion 73% 3 5 
ear proteetion 27% 1 2 

Tab. 5-27 Directing on site 

Prefa PC 
x A: n=4 B: n=5 

problems 
verbal 93% 4 4 
written 7% 0 1 

complaints 
verbal 93% 4 4 
written 7% 0 1 

information 
verbal 73% 2 5 
written 7% 1 0 
verbal and written 20% 1 0 

documents and computer nothing 

36% 14% 
21% 7% 

22% 14% 
14% 22% 

Concrete blocks Zitro Bamboa Fuprovi 
A: n=1 B: n=2 n=1 n=1 n=1 

1 1 1 1 1 
1 2 1 1 0 

1 1 1 1 0 
0 0 0 1 0 

Concrete blocks Zitro Bamboa Fuprovi 
A: n=1 B:n=2 n=1 n=1 n=1 

1 1 0 0 0 
0 0 1 0 0 
0 2 1 0 0 
1 0 0 0 0 

Concrete blocks Zitro Bamboa Fuprovi 
A: n=1 8: n=2 n=1 n=1 n=1 

1 2 1 1 1 
0 0 0 0 0 

1 2 1 1 1 
0 0 0 0 0 

1 2 0 0 1 
0 0 0 0 0 
0 0 1 1 0 
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Tab. 5-28 Stealing ofmaterials and equipment 

Prefa PC Concrete blocks Zitro 8amboo Fuprovi -
x A: n=4 8:n=5 A: n=1 8: n=2 n=1 n=1 n=1 

materials 
4 times or more 47% 4 1 1 1 0 0 0 
1-3 times 33% 0 3 0 1 1 0 0 
none 20% 0 1 0 0 0 1 1 

equipment 
4 times or more 13% 0 0 1 1 0 0 0 
1-3 times 33% 3 2 0 0 0 0 0 
none 53% 1 3 0 1 1 1 1 

Tab. 5-29 Site proteetion 

Prefa PC Concrete blocks Zitro 8amboo Fuprovi -x A: n=4 8: n=5 A: n=1 8: n=2 n=1 n=1 n=1 
no proteetion 13% 0 1 0 0 0 1 0 
fence 0% 0 0 0 0 0 0 0 
security guard 67% 3 2 1 2 1 0 1 
fence and security guard 20% 1 2 0 0 0 0 0 

Output 

Tab. 5-30 Output characteristics 

# Date System Size Floor space Project-time Constr. 1 house Production 
[year] [name] [amount] [m2) [workdays] [workdays) [m2/workday] 

A 
2 1995 Prefa PC 157 59 96 0.61 96.6 

10 1996 Prefa PC 43 51 32 0.75 68.2 
9 1996 Prefa PC 71 52 60 0.85 61.2 

17 1993 Prefa PC 150 36 124 0.83 43.4 
8 
11 1996 Prefa PC 131 40 143 1.09 36.6 
1 1993 Prefa PC 278 36 293 1.05 34.2 

12 1997 Prefa PC 100 50 152 1.52 33.0 
18 1996 Prefa PC 160 42 279 1.74 24.1 
5 1997 Prefa PC 37 37 75 2.03 18.3 

A 
6 1991 Concrete blocks 300 36 216 0.72 50.0 

8 
15 1993 Concrete blocks 120 60 218 1.81 33.1 
13 1989 Concrete blocks 246 42 442 1.80 23.4 

8 1997 Zitro 69 48 72 1.04 46.0 
19 1996 8amboo 40 40 53 1.32 30.3 
7 1997 Fuprovi 322 42 362 1.13 37.3 

Tab. 5-31 Production output jloor space per day 

Prefa PC Concrete blocks Zitro 8amboo Fuprovi 
A:(> 40m2

) n=4 67.4 m2 n=1 50.0 m2 n=1 43.8 m2 - - - -
8: (<40m2) n=5 29.2 m2 n=2 28.2 m2 - - n=1 30.3 m2 n=1 37.3 m2 

0 (average) n=9 46.2 m2 n=3 35.5 m2 n=1 43.8 m2 n-1 30.3 m2 n=1 37.3 m2 
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Basic company characteristics 

Tab. 5-32 Company size (permanent employees) 

Prefa PC -x A:n=4 B: n=5 

less than 10 employees 33% 2 0 
between 10 and 15 employees 20% 1 1 
between 15 and 25 employees 7% 0 1 
between 25 and 35 employees 7% 0 1 
between 35 and 50 employees 13% 1 0 
more than 50 employees 20% 0 2 

Tab. 5-33 Company specialisation 

Prefa PC -x A:n=4 B: n=5 

low-income housing 27% 1 1 
lew-. middle- and high class 7% 0 1 
civil engineering work 20% 1 0 
allround 47% 2 3 

Tab. 5-34 Experience law-ineome housing 

no experience 
less than 10 projects 
between 10 and 20 projects 
more than 20 projects 

x 
0% 
64% 
21% 
14% 

Prefa PC 
A: n=4 B: n=4 

0 0 
3 3 
1 0 
0 1 

Management characteristics company 

Tab. 5-35 Employment selection 

Prefa PC 
x A:n=4 B:n=4 

Project manager and foremen 
standard application forms 14% 1 0 
schoollstudy certificates 64% 3 2 
personnel recommendations 71% 3 3 
review social backgrounds 7% 1 0 
interview by superior 50% 2 2 
standardised tests 14% 1 0 
practice testing on the job 57% 3 4 

Skilied and unskilled labourers 
standard application forms 0% 0 0 
schoollstudy certificates 0% 0 0 
personnel recommendations 57% 4 3 
review social backgrounds 7% 1 0 
interview by superior 7% 0 1 
standardised tests 0% 0 0 
practice testing on the job 64% 4 3 

Concrete blocks 
A: n=1 B:n=2 

1 1 
0 1 
0 0 
0 0 
0 0 
0 0 

Concrete bleeks 
A: n=1 B: n=2 

0 0 
0 0 
0 2 
1 0 

Concrete blocks 
A: n=1 B: n=2 

0 0 
0 2 
1 0 
0 0 

Concrete blocks 
A: n=1 B: n=2 

0 1 
1 1 
1 1 
0 0 
1 1 
0 0 
1 0 

0 0 
0 0 
0 1 
0 0 
0 0 
0 0 
1 1 

Zitro 
n=1 

1 
0 
0 
0 
0 
0 

Zitro 
n=1 

0 
0 
0 
1 

Zitro 
n=1 

0 
1 
0 
0 

Zitro 
n=1 

0 
1 
1 
0 
0 
1 
0 

0 
0 
0 
0 
0 
0 
0 

Bamboo 
n=1 

0 
0 
0 
0 
1 
0 

Bamboo 
n=1 

1 
0 
0 
0 

Bamboe 
n=1 

0 
0 
1 
0 

Bambeo 
n=1 

0 
1 
1 
0 
1 
0 
0 

0 
0 
0 
0 
0 
0 
0 

Fuprovi 
n=1 

0 
0 
0 
0 
0 
1 

Fuprovi 
n=1 

1 
0 
0 
0 

Fuprevi 
n=1 

0 
0 
0 
1 

Fuprevi 
n=1 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
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Tab. 5-36 Trainingfacilities 

Prefa PC Concrete blocks Zitro Bamboa Fuprovi -x A: n=4 B: n=5 A: n=1 B:n=2 n=1 n=1 n=1 
Project manager and foremen 
on thejob 40% 3 2 0 1 0 0 0 
else during work-time 27% 2 1 0 1 0 0 0 
else in free-time paid 13% 1 0 0 1 0 0 0 
else in tree-time nat paid 13% 1 0 1 0 0 0 0 

Skilied and unskilled labourers 
on thejob 53% 3 3 0 1 0 0 1 
else during work-time 13% 2 0 0 0 0 0 0 
else in free-time (paid) 0% 0 0 0 0 0 0 0 
else in free-time (nat paid) 0% 0 0 0 0 0 0 0 

Tab. 5-37 Up-down directing 

Prefa PC Concrete blocks Zitro Bamboa Fuprovi -x A: n=4 B:n=5 A: n=1 B: n=2 n=1 n=1 n=1 
Often used 

verbal 93% 4 4 1 2 1 1 1 
notice board 7% 1 0 0 0 0 0 0 
personnelletter 13% 1 1 0 0 0 0 0 

Sometimes/seldom used 
verbal 7% 0 1 0 0 0 0 0 
notice board 13% 1 0 0 1 0 0 0 
personnelletter 13% 0 0 0 1 0 1 0 

Tab. 5-38 Co-operation characteristics 

informal contact forma! contact no contact 
Cámera Costarricense de Construcción 25% 50% 25% 
Trade association 12% 35% 53% 
Chamber of commerce 8% 23% 69% 
Employer's organisation 0% 8% 92% 
Management association 15% 15% 70% 
Educational association 15% 8% 77% 
Research association 15% 8% 77% 
University or higher educational. in st. 23% 23% 54% 
Govemment bureau 19% 42% 39% 
Technica/ bureau 15% 39% 46% 

Tab. 5-39 R&D activities 

Prefa PC Concrete blocks Zitro Bamboa Fuprovi 
x A: n=4 B:n=5 A: n=1 B: n=2 n=1 n=1 n=1 

fulltime 13% 0 1 0 0 0 1 0 
halftime 13% 1 0 0 0 1 0 0 
at random 20% 2 1 0 0 0 0 0 
None 53% 1 3 1 2 0 0 1 
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5.6 Conclusions Prefa PC system 

Introduetion 
Next the nine projects build with the Preja PC building system wil! be compared with each other. The 
projects are split up in two groups. Group (A) with four projects has an average production output of 
67.4 m2/workday. Group (B) with five projects has an average production output of29.2 m2/workday. 
Special attention wil! be given to the differences between the project-groups with a relatively bigh
and low production output. We wil! try to explain the differences in the production output between 
these projects with the samebuilding system on the basis ofthe production factors. 

Basic project charaderistics 

Floor space houses 
• The average floor space ofthe houses of group (A) is 49.5 m2

• The average floor space ofthe 
houses at group (B) is 41 m2

• The dimensions are less important for the construction time of one 
house but determinative for the production output per workday. This is the consequence ofthe 
prefabricated building system. Using prefabricated elements with a larger dimeosion does not 
affect much the operation time, but enlarges the floor space and so the production output. 

Project size and site area 
• The average number of houses built at group (A) is 88, at group (B) 141. The average building 

site per house is at group (A) halfthe dimeosion ofthe average site per house at group (B). A 
smali-scale project could be favourable for the construction output. 

Location 
• The majority of the projects are located in or nearby the province of San José. It is striking that 

projects in the province of Guanacaste have the lowest production output. 
Construction period 
• Projects are negative influenced by bad weather. All projects mentioning bad weather as a reason 

for a negative time deviation. 
Building system, soil type and soil gradient, available services 
• There are no differences between the projects according tothese production factors, which could 

be the cause of differences in production output. 

Input 

Raw materials and prefabricated elements 
• Materials used for the construction of floor bed, foundations, extern al and interna I walls and roofs 

are in general for all projects the same. There is one exception for projects at group (A) were they 
use prefabricated external and internal frames and doors. This can be explained by the fact that 
making frames and doors on site is a very Iabour intensive job, which is done after they have 
placed the walls, and the dimensions are known. 

• The supply and quality of building materials (mainly concrete elements and wood) is a common 
problem among the projects. 

Technoware 

Type of equipment 
• The number of electrical equipment is variable, there is no relation between the number of 

equipment and the production output. Striking is the fact that almost all projects have six pieces of 
electric equipment in common. Two projects with the lowest production output do not. The quality 
could be more important than the number of equipment. 
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Maintenance equipment and available spareparts 
• The rented equipment is mainly maintained by an external organisation. At projects were the 

equipment is owned by the contractors, maintenance has aften been executed by the employees of 
the company. Contractors at group (A) and (B) who own the majority aftheir equipment also have 
spare parts in stock for common maintenance and repair. There is further no relation perceptible 
between the production output and the maintenance of equipment. 

Hu manware 

Number of employees 
• The average number of employees per house is almast the same. Projects at group (A) have on 

average 25 percent more project mangers and foremen. Projects with relatively more temporary 
skilied and unskilled labourers in relation to permanent employed labourers have a higher 
production output. 

Knowledge of employees 
• Foremen at projects at group (A) finished a higher educationallevel. The skilled and unskilled 

labourers at projects at group (B) are relatively better educated compared with group (A). 
Absenteism of employees 
• In general a common reason for absenteeism of employees is caused by too much liquor 

consumption the day before. This is a frequent problem on Mondays and the day after a holiday or 
fiesta. 

• Projects with minimal problems with skilied and unskilled employees have a higher production 
output compared to other projects. Common problems of employees working on projects with a 
low production output are insufficient employees, insufficient skilis and insufficient knowledge. 

Experience of employees 
• There are no differences between the projects according to this production factor that could be the 

cause of differences in production output. 

Inforware 

Planning, machine and technica/ documentation 
• The available and usage of documentation is at group (A) and (B) almast equal. However there is 

one exception namely the average ofprojects at group (A) using time planning procedures is more 
than 50 percent higher compared with group (B). 

Material and equipment databases 
• The available and usage of databases is at group (A) and (B) almast equal. At projects using the 

minimal number of equipment also minimal machine and equipment databases are available. 

Orgaware 

• The project with the highest production output is the best-organised project. They work with 
groups of employees that have all a special task. The first group takes care of the substructure, the 
second of the walls and the third group fixes the roofs. 

Quality control materials 
• All building materials are visual controlled befare used. The two projects with the highestand 

lowest production output never execute quality control with simple or complex instruments. These 
projects a lso never mentioned problems with the quality of materials. Projects mentioning 
problems with the quality of materials execute quality control with simple instruments on site. 

Stealing of materials and equipment 
• At projects at group (A) materials and equipment are a little more aften stolen compared with 

projects at group (B). 
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Safety precautions, directing on site, site proteetion 
• There are no differences between projects according tothese production factors that could he the 

cause of differences in production output. 

Basic company characteristics 

Company size 
• Projects at group (A) are compared with group (B) relatively small in size. It could he favourable 

to build projects with help of subcontractors. 
Specialisation and experience law-ineome housing 
• 1t is not decisive for companies being specialised or have a lot of experiences with law-ineome 

housing. This can he subscribed tothefact that building low-income houses does not require 
special knowledge. 

Management characteristics company 

Employment selection 
• Differences between both groups are minimaL However a bit more attention is paid to the 

reeruitment of project managers and foremen of contractors at group (A) compared with 
contractors at group (B). The difference concerning skilied and unskilled labourers is less. Practise 
testing on the job is the most common way to judge new employees. 

Training facilities 
• More training facilities are available at contractors at group (A) compared with group (B). Project 

managers and foremen use most ofthe available facilities. Training facilities during free time has 
only been foliowed by project managers and foremen. It is obvious that contractors with 
permanent skilied and unskilled labourers spend more time to training on the job compared with 
contractors with temporary employees. 

Co-opera/ion characteristics 
• Contractors at group (A) co-operate much more with technical bureau's and governmental 

bureau's compared with contractors at group (B). 
R&D activities 
• Employees of contractors at group (A) spend more time on research and development than the 

average number of employees of contractors at group (B). 
Specialist fiterafure 
• Contractors at group (A) are better provided with local a well as foreign periodical specialist 

literature compared with contractors at group (B). 
Up-down directing 
• There are no differences between projects according to these production factors that could he the 

cause of differences in production output. 
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5. 7 Concrete b/ocks 

The three projects built with Concrete blocles are compared with each other. Special attention is given 
to the differences in production factors between projects at group (A) with a production output of 50.0 
m2/workday and projects at group (B) with an average production output of 28.2 m2/workday. We will 
write down the differences between group (A) and group (B) and try to explain the cause ofthe 
different production outputs between projects with the same building system. 

Basic project characteristics 

Floor space houses 
• The houses in project (A) have a tloor space of 36 m2 and the houses at group (B) have an average 

tloorspace of 51 m2
• 

Location 
• Project built in province of San Jose bas highest production output. 
Project size and site area 
• The project size ofthe project at group (A) is bigger compared with the average project size of 

projects at group (B). However the average available building site [m2
] per house is at group (A) 

three times smaller than at projects at group (B). 
Selfhelp 
• The future inhabitants of project (A) have to construct the internat walls, the finishing ofthe first 

floor, the stair and ceiling by themselves. This means that the contractor has less work to do that 
automatically reduces the construction time and enlarges the production output. 

Building system, construction period, soil type and soil gradient, available services 
• There are no differences between the projects according to these production factors that could be 

the cause of differences in production output. 

Input 

Raw materials, prefabricated elements 
• At the projects no prefabricated elements were used except the prefabricated concrete blocks. The 

project (A) mentioned problems with the supply and quality of wood and doors, while projects at 
group (B) mentioned problems with the prefabricated concrete blocks. 

Technoware 

Type of equipment 
• At project (A) relatively the lowest number oftotal equipment was used but compared to projects 

at group (B) the maximum number of electric equipment. The contractor of project (A) was owner 
of the electric equipment 

Maintenance of equipment and available spareparts 
• At project (A) an external organisation took care ofthe maintenance ofequipment. This was nat 

the case with projects at group (B). The one with the highest construction time did nat maintain 
the equipment at all. 
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Humaoware 

Experience of employees 
• The project managers, foremen, skilied and unskilled labourers of project (A) do have I 00% 

experience with the construction method. The employees of projects at group (B) are wel! 
experienced, but have less experience comparatively to project (A). 

Knowledge employees 
• The education level ofthe employees working on project (A) is higher compared to the employees 

of project (B). Th is could be of influence on production output of the construction process. 
Absenteism employees 
• Employees ofprojects at group (B) are frequently absent by the reason oftoo much liquor 

consumption the day before. This in less the reason of employees in project (A). 
Number of employees 
• There are no differences between the projects according to this production factor that could be the 

cause of differences in production output. 

lnforware 

Planning, machine and technica! documentation 
• The project without any documentation has the lowest production output. However, the project 

with the highest production output is not the best documented. 
Material and equipment databases 
• The project without any databases has the lowest production output. 

Orgaware 

Quality control materials 
• At project (A) the execution ofthe quality control of concrete blocks is done visual and also with 

simple and complex instruments. At projects at group (B) there is a minimal quality control of 
concrete blocks. 

Safety precautions, directing on site, stealing of mater i als and equipment, site proteetion 
• There are no differences between the projects according to these production factors which could 

be the cause of differences in construction output. 

Basic company characteristics 

Specialisation and experience law-ineome housing 
• Project (A) was built by a contractor specialised in low-income housing projects with many 

projectsof experience. The contractors of projects at group (B) are specialised in civil engineering 
and infrastructure works. They have minimal experience with the construction of low-income 
housing. 

Company size 
• There are no differences between the projects according to this production factor that could be the 

cause of differences in construction output. 

Management characteristics company 

Employment selection 
• The contractor of project (A) subcontracted all employees except the project managers and office 

personnel. The contractors of projects at group (B) used different selection methods. 
Training facil ities 
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• The training facilities ofthe contractor of project (A) are minimaL One ofthe contractors of 
projects at group (B) has optima! training facilities but did nothave the highest production output. 

Co-operation characteristics 
• Contractor of project (A) is memher of the Cámera Costarricense de la Construcción and has 

forma! contact with the government and technica) bureau's. The contractors of group (B) did not. 
Specialist literature 
• The contractor of project (A) is by far the best provided with periodicallocal and foreign 

specialist literature. 
R&D activities and up-down directing 
• There are no differences between the projects according to these production factors that could be 

the cause of differences in construction output. 
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6 Appendix Technology content analysis 
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6.1 Economie approaches 

The camman economie approaches for evaluating the technology characteristics in production 
processes arebasedon the measurements of capita! and Iabour or the calculation ofthe economie 
value added. Bath methods will briefly be discussed. 

Capita/ and Iabour measurements 

The measurements arebasedon substitutability ofthe production factors capita! and Iabour. The 
technological coefficients are variable, the production factorscan be varied by means ofthe 
production-technique. 

The common indicators of capita! and Iabour measurements are first based on the ratios related to the 
capita! intensity, for example capita! per employee, tangible fixed assets per employee and capita! per 
unit of output. Second indicator deals with the ratio related to the partial productivity of capita! 
evaluating the profit per unit of capita!. The third indicator evaluates the partial productivity of Iabour 
ratio by measuring the output per employee. The assumption is made that a higher ration indicates a 
more advanced technology. 

The limitations afthese methods are summarised briefly21: 
• a wrong assumption is made, namely a more advanced technology is not necessary more 

expensive in terms offixed assets per employee. The price offor example machines depend on the 
scale of production, large-scale production is mainly less costly. 

• there are problems with the measurement of capita!. The definition of capita! is not uniform and 
capita! is non-homogenise and complex. 

• the interpretation of data should take into account various factors influencing the capita! per 
output ratio. For example a failing managementand organisation may result in higher input of 
capita! and Iabour intensive production processes need sametimes higher input of capita!. 

Vaf.ue added (VA) analyses 

Another economie approach for the measurements of productivity is based on the computation of the 
economie value added. There are two possible methods to calculate the value added. First the product 
flow methad which calculates the difference between economie value ofthe outputs and inputs. 
Second the income flow methad which calculates directly the economie value added to the inputs 
factors of production. 

The technological aspects are investigated by using common rat i os related to the calculation of the 
value added. Examples of such ratios include the ratio of V A per total tangible fixed as sets, V A per 
employee, V A per unit employee compensation, V A per unit gross output and the profit as proportion 
of VA. The assumption is made that the VA ratio is a indicator ofthe technology status. They indicate 
the total efr'.!ctiveness, and thus the technology, of a production process, equipment, Iabour and 
organisation. 

21 A frameworkfor technology-based development, technology content assessment, Technology Atlas Project, Economie and Social 
Commission for Asia and the Pacific, United Nations, p.7-8. 
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The mentioned limitations ofthis method are summarised briefly22: 
• the wrong assumption that more advanced technology is more expensive in terms offixed assets 

per employee. 
• the V A calculations do not realistically reflect the techno logica! characteristics because of 

imperfections in the economie environment. For example price control, monopolistic and/or 
oligopolistic conditions, taxes and subsidies, interest rates, rapid intlation, etc.) 

• V A calculations use "shadow prices" to eliminate market price distortions. This method has many 
limitations too, because it does not ensure the complete eliminatien of all price distortions. 

• the V A analysis is useful to campare the performance of different production processes but does 
not explain why the differences exist. 

Consiclering the above described economie methods, we can concluded that the economie approaches 
are useful to evaluate the performance of production activities at micro, meso and macro level, but 
there are two disadvantages, namely that23: 
• the framework of the economie approaches require the use of monetary values which gives 

problems with regard to market imperfections and makes it necessary to replace market prices by 
shadow prices. 

• the economie approaches consider technology as a "black box" and do not explain differences in 
production performances from a technological point of view. 

The latter has been the reason for the ES CAP (Economie and Socia/ Commission for As ia and the 
Pacific) to develop a technology content approach for studying the production process from a 
technological point of view. Th is approach has been the model for our technology analysis, which will 
be discussed in the next paragraph. 

22 Aframeworkfor teclmo/ogy-based development. technology content assessment, Technology Atlas Project, Economie and Social 
Commission for Asia and the Pacitic, Uniled Nations, p.I0-11. 
23Aframeworkfor technology-based development, technology content assessment, Technology Atlas Project, Economie and Social 
Commission for Asia and the Pacitic, United Nations, p.l2-13. 
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6.2 Degrees of sophistication 

Degrees of sophistication of Technoware 
classification score characteristics 
manual facilities 1234 manual efforts 
powered facilities 4567 powered hand tools 
automatic and computerised 7 8 9 10 machine performance 
facilities 

Degrees of sophistication of Humanware 
classification score characteristics 
eperating abilities 1234 standard routine work 
repairing abilities 4567 non-standard, routine type of work 
improving and innovating 7 8 9 10 non-standard non routine work 
abilities 

Degrees of sophistication of Inforware 
classification score characteristics 
descrihing facts 1 2 3 4 information including basic principles 
specifying and utilising facts 4567 information including specifications and procedures 

for effective utilisation 
comprehending and improving 7 8 9 10 information about operatien and maintenance 
fa cts 

Degrees of sophistication of Orgaware 
classification score characteristics 
loose/untight framewerk 1234 building contractor is owner and manager 
stabile framewerk 4567 building contractor with experience and reputation 
advanced framewerk 7 8 9 10 (inter) nationally eperating and teading building 

contractor 
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6.3 Results TCA-calcu/ations 

TECHNOWARE #2 P01nts Score Value #1 0 Poin1s Score Value #9 Potnts Score Va!ue #17 Pnl'lls Score Value 

Type of equipment 

Floorbeds 

manual 
· manual with hand toots 
· manual with powered tools 
·machines 

Foundations 
· manual 
· manual with hand tools 
· manual with powered too!s 
·machines 

Extemaf wal/s 
· manual 
· manual with hand tools 
· manual with powered tools 
·machines 

tntema/ walls 
· manual 
· manual with hand tools 
· manual with powered tools 
·machines 

Floers 
· manual 
· manual with hand tools 
· manual with powered tools 
·machines 

Roofs 
· manual 
· manual with hand tools 
· manual wilh powered tools 
·machines 

Extemal frames and doors 
· manual 
· manual with hand tools 
· manual with powered tools 
·machines 

lntemal trames and door$ 
· manual 
· manual with hand tools 
· manual with powered tools 
·machines 

Maintenance of equipment 
· na rnaintensnee 
· extemal organisation 
· employees working on the project 
· special company labourers 

Avallable spareparts 
·none 
· for very simple rnaintensnee I 
repair 
· for common rnaintensnee I repair 
· for complicated malntenance I 
repair 

TOT AL 
average 

141 

4.12 

O.OQ 0.00 
18 3.33 2.65 

6.66 0.32 
10.00 0.95 

4.21 

0.00 0.00 
16 3.33 2.80 
1 6.66 0.35 

10.00 1.05 

4.00 
0.00 0.00 

13 3.33 2.89 
6.66 0.44 

10.00 0.67 

3.57 
0.00 0.00 

13 3.33 3.09 
6.86 0.48 

10.00 0.00 

0.00 
3.33 
6.66 

10.00 

none 

4.52 

0.00 0.00 
10 3.33 2.38 
3 6.66 1.43 

10.00 0.71 

4.37 
0.00 0.00 

12 3.33 2.50 
3 6.66 1.25 

10.00 0.63 

4.37 
0.00 0.00 

12 3.33 2.50 
6.66 1.25 

10.00 0.63 

0.00 0.00 
3.33 3.33 
6.66 0.00 

10.00 0.00 

0.00 0.00 
3.33 0.00 

6.66 0.00 
10.00 0.00 

3 elements 

4.17 

3.33 

0.00 

7.50 
2.50 

4.07 

0.00 0.00 
15 3.33 2.78 
2 6.66 0.74 

10.00 0.56 

3.75 
0.00 0.00 
3.33 2.91 
6.66 0.83 

10.00 0.00 

3.63 
0.00 0.00 

10 3.33 3.03 
6.66 0.61 

10.00 0.00 

3.33 
0.00 0.00 
3.33 3.33 
6.66 0.00 

10.00 0.00 

0.00 
3.33 
6.66 

10.00 

none 

4.44 

0.00 0.00 
3.33 2.22 
6.66 2.22 

10.00 0.00 

3.66 
0.00 0.00 
3.33 3.00 
6.66 0.67 

10.00 0.00 

3.75 
0.00 0.00 
3.33 2.91 
6.66 0.83 

10.00 0.00 

0.00 0.00 
3.33 0.00 
6.66 0.00 

10.00 10.00 

0.00 0.00 
3.33 0.00 

6.68 0.00 
10.00 0.00 

3elements 

3.80 

10.00 

0.00 

13.80 
4.60 

4.10 

0.00 0.00 
22 3.33 2.82 
2 6.66 0.51 

10.00 0.77 

4.28 

0.00 0.00 
17 3.33 2.70 
2 8.66 0.63 
2 10.00 0.95 

4.87 

0.00 0.00 
3.33 2.31 
8.66 1.02 

10.00 1.54 

4.52 

0.00 0.00 
10 3.33 2.38 

6.66 1.43 
10.00 0.71 

0.00 
3.33 
8.66 

10.00 

none 

4.00 
0.00 0.00 

13 3.33 2.89 
8.66 0.44 

10.00 0.87 

4.61 
0.00 0.00 
3.33 2.31 
8.66 1.54 

10.00 0.77 

4.61 

0.00 0.00 
3.33 2.31 
6.66 1.54 

10.00 0.77 

0.00 0.00 
3.33 1.67 
6.66 3.33 

10.00 0.00 

0.00 0.00 
3.33 0.00 

6.66 6.66 
10.00 0.00 

3elements 

4.43 

5.00 

6.66 

16.08 
5.38 

4.07 

0 0.00 0.00 
22 3.33 2.71 

6.66 0.99 
10.00 0.37 

4.54 

0.00 0.00 
3.33 2.42 
6.66 1.21 

10.00 0.91 

3.33 
0.00 0.00 

12 3.33 3.33 
6.66 0.00 

10.00 0.00 

3.33 
0.00 0.00 

12 3.33 3.33 
8.66 0.00 

10.00 0.00 

0.00 
3.33 
6.66 

10.00 

none 

3.81 

0.00 0.00 
12 3.33 2.85 

6.66 0.95 
10.00 0.00 

4.00 
0.00 0.00 

12 3.33 2.66 
3 6.66 1.33 

10.00 0.00 

4.00 
0.00 0.00 

12 3.33 2.66 
6.66 1.33 

10.00 0.00 

0.00 0.00 
3.33 0.00 
6.66 0.00 

10.00 10.00 

0.00 0.00 
3.33 0.00 

6.66 0.00 
10.00 10.00 

3 elements 

3.87 

10.00 

10.00 

23.87 
7.96 



TECHNOWARE 

Type of equipment 

Floorbeds 

· manual 
· manual with hand tools 

· manual with powered tools 

· machines 

Foundations 
manual 

manual wrth hand tools 

· manual with powered tools 

·machines 

Extemal walls 
· manual 
· manual with hand tools 

· manual with powered toots 

·machines 

lntemal wa/Is 

· manual 
· manual with hand tools 

· manual with powered tools 

·machines 

Floers 
· manual 
· manual with hand tools 

· manual with powered tools 

·machines 

Roots 
· manual 
· manual with hand tools 

· manual with powered tools 
·machines 

External frames and doors 

· manual 
· manual with hand tools 

· manual with powered tools 

·machines 

lntemal frames and doors 
· manual 
· manual with hand tools 

· manual with powered tools 

·machines 

Maintenance of equipment 

· na maintenance 

· extemal organisation 

· employees worklng on the project 
· special company labourers 

Available spare parts 
·none 

· for very simple mamtensnee 1 
repair 
· for common rnaintensnee I repair 

· for compticated maintenance J 
repair 

TOT AL 
average 

#11 Po1nts Score Value #1 Points Score Value #12 Points Score Value #18 Po1nts Score Value #5 Po1nts SCOTe V•tua 

4.84 4.43 4.03 3.97 
4.58 4.88 4.21 3.81 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 3.33 2.71 19 3.33 2.53 27 3.33 2.64 13 3.33 3.09 
0 6.66 0.00 2 6.66 0.53 6.66 0.98 0 6.66 0.00 

10.00 1.88 

5.33 
0.00 0.00 
3.33 2.33 
6.66 0.00 

10.00 3.00 

4.79 
0.00 0.00 

10 3.33 2.08 
5 6.66 2.08 

10.00 0.63 

4.79 
0.00 0.00 

10 3.33 2.08 
5 6.66 2.08 

10.00 0.63 

0.00 
3.33 
6.66 

10.00 

none 

4.61 
0.00 0.00 
3.33 2.31 
6.68 1.54 

10.00 0.77 

4.90 
0.00 0.00 

10 3.33 1.96 
6 6.66 2.35 

10.00 0.59 

4.90 
0.00 0.00 

10 3.33 1.98 
6 6.66 2.35 

10.00 0.59 

0.00 0.00 
3.33 3.33 
6.66 0.00 

10.00 0.00 

0.00 0.00 
3.33 0.00 

6.66 5.66 
10.00 0.00 

3 elements 

3.33 

6.66 

14.83 
4.94 

10.00 1.60 

4.78 
0.00 0.00 

17 3.33 2.46 
6.66 0.58 

10.00 1.74 

4.91 
0.00 0.00 

14 3.33 2.45 
1 6.66 0.35 

10.00 2.11 

4.44 
0.00 0.00 

10 3.33 2.78 
0 6.88 0.00 

10.00 1.67 

0.00 
3.33 
6.66 

10.00 

none 

4.24 
0.00 0.00 
3.33 2.72 
6.68 0.61 

10.00 0.91 

4.00 
0.00 0.00 

13 3.33 2.89 
1 6.68 0.44 

10.00 0.67 

4.00 
0.00 0.00 

13 3.33 2.89 
1 6.66 0.44 

10.00 0.67 

0.00 0.00 
3.33 3.33 
6.66 0.00 

10.00 0.00 

0.00 0.00 
3.33 0.00 

6.86 0.00 
10.00 0.00 

3elements 

3.33 

0.00 

7.76 
2.59 

10.00 0.59 

4.21 

0.00 0.00 
27 3.33 2.64 
5 8.66 0.98 

10.00 0.59 

3.95 
0.00 0.00 

22 3.33 2.71 
6.66 1.23 

10.00 000 

3.97 
0.00 0.00 

25 3.33 2.69 
6 6.66 1.29 

10.00 0.00 

0.00 
3.33 
6.66 

10.00 

none 

3.78 
0.00 0.00 

19 3.33 2.88 
3 6.66 0.91 

10.00 0.00 

3.94 
0.00 0.00 

18 3.33 2.72 
4 6.66 1.21 

10.00 0.00 

4.13 

0.00 0.00 
19 3.33 2.53 
6 6.66 1.60 

10.00 0.00 

0.00 0.00 
3.33 3.33 
6.66 0.00 

10.00 0.00 

0.00 0.00 
3.33 0.00 

6.66 0.00 
10.00 0.00 

3elements 

3.33 

0.00 

7.36 
2.45 

10.00 0.71 

3.81 
0.00 0.00 

13 3.33 3.09 
6.66 0.00 

10.00 0.71 

3.95 
0.00 0.00 

13 3.33 2.71 
6.66 1.25 

10.00 0.00 

3.95 
0.00 0.00 

13 3.33 2.71 
6.66 1.25 

10.00 0.00 

0.00 
3.33 
6.66 

10.00 

none 

4.28 
0.00 0.00 

10 3.33 2.38 
4 6.86 1.90 

10.00 0.00 

4.00 
0.00 0.00 

12 3.33 2.66 
6.66 1.33 

10.00 0.00 

4.00 
0.00 0.00 

12 3.33 2.66 
6.66 1.33 

10.00 0.00 

0.00 0.00 
3.33 0.00 
6.66 0.00 

10.00 10.00 

0.00 0.00 
3.33 3.33 

6.66 0.00 
10.00 0.00 

3 elements 

10.00 

3.33 

17.30 
5.77 

3.75 
0.00 0.00 
3.33 2.91 
6.66 0.83 

10.00 0.00 

3.63 
0.00 0.00 

10 3.33 3.03 
6.66 0.61 

10.00 0.00 

3.63 
0.00 0.00 

10 3.33 3.03 
1 6.66 0.61 

10.00 0.00 

4.18 

0.00 0.00 
3.33 2.50 
6.66 1.67 

10.00 0.00 

0.00 
3.33 
8.66 

10.00 

none 

4.00 
0.00 0.00 
3.33 2.66 
6.66 1.33 

10.00 0.00 

4.00 

0.00 0.00 
3.33 2.66 
6.66 1.33 

10.00 0.00 

4.07 
0.00 0.00 
3.33 2.59 
6.66 1.48 

10.00 0.00 

0.00 0.00 
3.33 0.00 
6.66 6.66 

10.00 0.00 

0.00 0.00 
3.33 0.00 

6.66 0.00 
10.00 0.00 

3 eJements 

3.89 

8.68 

0.00 

10.55 
3.52 
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TECHNOWARE 

Type of equlpment 
Floorbeds 

manual 
· manual with hand tools 

manual with powered tools 
machines 

Foundations 
· manual 
· manual with hand tools 
· manual with powered tools 
·machines 

External wa/Is 
· manual 
· manual with hand tools 

manual with powered tools 
·machines 

lnternal wa/Is 
· manual 

manual with hand tools 
· manual with powered tools 
·machines 

Floors 
· manual 
· manual with hand tools 
· manual with powered tools 
·machines 

Roofs 
· manual 
· manual wrth hand tools 
· manual with powered tools 

machines 

External frames and doors 
· manual 
· manual with hand tools 
· manual with powered tools 
·machines 

lntemal frames and doors 
· manual 

manual with hand tools 
· manual with powered tools 
·machines 

Maintenance of equipment 
· no maintenance 
· extemal organisatton 
· employees working on the 
project 
· special company labourers 

Available spare parts 
·none 
· tor very simpla maintenance 
irapair 
· tor common rnaintensnee I 
repair 
· tor complicated maintenance 
irapair 

TOT AL 
average 
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#6 Pomls Score Value #15 Point& Score Value #13 Po1nts Score Value #8 Polf\l& Score Vatue #19 Points Score Value #7 Points Score Value 

4.08 3.70 
4.33 3. 76 

0.00 0.00 0.00 0.00 
3.33 2.66 21 3.33 3.04 
6.66 0.67 6.66 0.29 

10.00 1 00 10.00 0.43 

3.54 
0.00 0.00 

15 3.33 3.12 
6.66 0.42 

10.00 0.00 

3.92 
0.00 0.00 

15 3.33 2.94 
6.66 0.39 

10.00 0.59 

0.00 
3.33 
6.66 

10.00 

none 

4.72 

0.00 0.00 
3.33 2.22 
6.66 1.67 

10.00 0.83 

3.75 

0.00 0.00 
3.33 2.91 
6.66 0.83 

10.00 0.00 

4.18 
0.00 0.00 
3.33 2.50 
6.66 1.67 

10.00 0.00 

4.18 

0.00 0.00 
3.33 2.50 
6.66 1.67 

10.00 0.00 

0.00 0.00 
3.33 3.33 
6.66 0.00 

10.00 0.00 

0.00 0.00 
3.33 0.00 

6.66 0.00 

10.00 0.00 

3 eJements 

3.33 

0.00 

7.41 
2.47 

3.88 
0.00 0.00 

19 3.33 3.16 
0 6.66 0.00 

10.00 0.50 

3.33 
0.00 0.00 

16 3.33 3.33 
0 6.66 0.00 

10.00 0.00 

3.33 
0.00 0.00 

15 3.33 3.33 
6.66 0.00 

10.00 0.00 

0.00 
3.33 
6.66 

10.00 

none 

3.70 
0.00 0.00 
3.33 2.96 
6.66 0.74 

10.00 0.00 

4.07 
0.00 0.00 
3.33 2.59 
6.66 1.48 

10.00 0.00 

4.07 
0.00 0.00 

3.33 2.59 
6.66 1.48 

10.00 0.00 

0.00 0.00 
3.33 0.00 
6.66 6.66 

10.00 0.00 

0.00 0.00 
3.33 3.33 

6.66 0.00 

10.00 0.00 

3 e/ements 

6.66 

3.33 

13.69 
4.58 

4.19 3.74 
4.00 4.04 

0.00 0.00 0.00 0.00 
3.33 2.66 12 3.33 2.85 
6M 1~ 1 666 U8 

10.00 0.00 10.00 0.71 

4.44 
0.00 0.00 
3.33 2.59 
6.66 0.74 

10.00 1.11 

3.66 

0.00 0.00 
3.33 3.00 
6.66 0.67 

10.00 0.00 

3.75 
0.00 0.00 
3.33 2.91 
6.66 0.83 

10.00 0.00 

0.00 
3.33 
6.66 

10.00 

none 

4.16 

0.00 0.00 
3.33 2.50 
6.66 1.67 

10.00 0.00 

4.66 

0.00 0.00 
3.33 2.00 
6.66 2.66 

10.00 0.00 

4.66 
0.00 0.00 

3.33 2.00 
6.66 2.66 

10.00 0.00 

0.00 0.00 
3.33 0.00 
6.66 0.00 

10.00 0.00 

0.00 0.00 
3.33 0.00 

6.66 0.00 

10.00 0.00 

3 elements 

0.00 

0.00 

4.19 
1.40 

3.53 
0.00 0.00 

16 3.33 3.13 
1 6.66 0.39 
0 10.00 0.00 

3.70 
0.00 0.00 
3.33 2.96 
6.66 0.74 

10.00 0.00 

3.70 
0.00 0.00 
3.33 2.96 
6.66 0.74 

10.00 0.00 

0.00 
3.33 
6.66 

10.00 

none 

3.94 

0.00 0.00 
3.33 2.72 
8.66 1.21 

10.00 0.00 

3.63 
0.00 0.00 

10 3.33 3.03 
1 6.66 0.61 

10.00 0.00 

3.81 
0.00 0.00 

11 3.33 3.05 
1 6.66 0.58 

10.00 0.00 

0.00 0.00 
3.33 3.33 
6.66 0.00 

10.00 0.00 

0.00 0.00 
3.33 0.00 

6.66 0.00 

10.00 0.00 

3elemenls 

3.33 

0.00 

7.07 
2.36 

3.70 
0.00 0.00 
3.33 2.96 
6.88 0.74 

10.00 0.00 

3.57 
0.00 0.00 

13 3.33 3.09 
6.66 0.48 

10.00 0.00 

3.81 
0.00 0.00 

12 3.33 2.85 
8.66 0.95 

10.00 0.00 

3.81 
0.00 0.00 

12 3.33 2.85 
2 6.66 0.95 

10.00 0.00 

0.00 
3.33 
8.66 

10.00 

none 

4.00 
0.00 0.00 
3.33 2.66 
8.66 1.33 

10.00 0.00 

4.07 
0.00 0.00 
3.33 2.59 
8.66 1.48 

10.00 0.00 

4.07 

0.00 0.00 
3.33 2.59 
6.66 1.48 

10.00 0.00 

3.88 

3.86 
0.00 0.00 
3.33 3.00 
6.66 0.67 

10.00 0.00 

0.00 
3.33 
6.66 

10.00 

none 

3.70 
0.00 0.00 
3.33 2.96 
6.66 0.74 

10.00 0.00 

o.oo 
3.33 
6.66 

10.00 

0.00 
3.33 
6.66 

10.00 

none 

none 

3.33 
0.00 0.00 
3.33 3.33 
6.66 0.00 

10.00 0.00 

3.33 
0.00 0.00 
3.33 3.33 
6.68 0.00 

10.00 0.00 

0.00 

3.33 
6.66 

10.00 

none 

3.51 

3.33 6.66 
0.00 0.00 0.00 0.00 
3.33 3.33 3.33 0.00 
6.66 0.00 6.66 6.66 

10.00 0.00 0 10.00 0.00 

0.00 0.00 
3.33 0.00 

6.66 0.00 

10.00 0.00 

3elements 

0.00 

7.19 
2.40 

0.00 0.00 
0 3.33 0.00 

0 6.66 0.00 

0 10.00 0.00 

3elements 

0.00 

10.17 
3.39 



HU MANWARE 

Experience employees 
· project manager(%] 
· foremen (%] 
· skilied Iabour (%] 
· unskilled Iabour (%] 

Knowledge employees 
project managers 
· primary school[%] 
· secondary school (%] 
· higher education (%] 
· private univers~y (%] 
· state univarsity (%] 
foramen 
· primary school [%] 
· secondary school [%] 
· higher education [%] 
· private univarsity [%] 
· state univarsity [%] 
skilied labourers 
· primary school[%] 
· secondary school (%] 
· higher education (%] 
·private univers~ (%] 
· state univarsity (%] 
unskilled labourers 
· primary school (%] 
· secondary school (%] 
· higher education (%] 
· private univarsity (%] 
· state univarsity (%] 

Understandlng blueprints 
· project managers(%] 
· foramen [%] 
· skilied labourers [%] 
· unskilled labourers [%] 

Absenteeism employees 
project managers 
· alcoholic and drug abuse(%] 
· physical illness[%] 
· fractures (%] 
· no absence [%] 
foremen 
· alcoholic and drug abuse[%] 
· physical illness[%] 
· fractures [%] 
· no absence (%] 
skilied labourers 
· alcoholic and drug abuse(%] 
· physical illness[%] 
· fractures [%] 
· no absence [%] 
unskilled labourers 
· alcoholic and drug abuse[%] 
· physical illness[%] 
· fractures (%] 
· no absence [%] 

Common problems with 
employees 
project managers 
· insuftielent skilis and 
knowledge (%] 

insufficient labourers 
available (%] 
· motivation problems [%] 
·none[%] 
foremen 
· insuftielent skilis and 
knowledge (%] 
· insufficient labourers 
available [%] 
· motivation problems (%] 
·none(%] 
skilied labourers 
· insuftielent skilis and 
knowledge (%] 
· insufficient labourers 
available (%] 
· motivation problems (%] 
·none[%] 
unskilled labourers 
· insufficient skilis and 
knowledge (%] 
· insuftielent labourers 
available (%] 
· motivation problems (%] 
·none[%] 
TOT AL 
average 

#2 Po1nts Score Value #10 Points Score Vatue #9 Polt'lts Score Value #17 Po1nts Score Vatue 

100 
100 
25 

0 

100 

100 
0 

100 
0 

50 

100 

100 
0 

100 

100 

0 

95 

100 

100 

100 

0 

100 

5.63 
0.10 10.00 100 
0.10 10.00 100 
0.10 2.50 100 
0.10 0.00 100 

10.00 
0.02 0.00 

4.75 

0.04 0.00 100 
0.06 0.00 
0.08 0.00 
0.10 10.00 

6.00 
0.02 0.00 
0.04 0.00 100 
0.06 6.00 
0.08 0.00 
0.10 0.00 

2.00 
0.02 2.00 75 
0.04 0.00 25 
0.06 0.00 0 
0.08 0.00 
0.10 0.00 

1.00 
0.02 1.00 85 
0.04 0.00 15 
0.06 0.00 0 
0.08 0.00 0 
0.10 0.00 

5.03 
0.03 2.50 100 
0.03 0.03 100 
0.03 2.50 30 
0.03 0.00 0 

10.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 

9.83 

0.10 10.00 100 
10.00 

0.00 0.00 

0.03 0.00 
0.07 0.00 
0.10 10.00 100 

9.50 
0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 9.50 100 

0.00 20 
0.03 
0.07 
0.10 80 

10.00 
0.10 10.00 100 
0.10 10.00 100 
0.10 10.00 75 
0.10 10.00 25 

4.00 

0.02 0.00 

3.20 

0.04 4.00 50 
0.06 0.00 
0.08 0.00 
0.10 0.00 50 

4.00 

0.02 0.00 
0.04 4.00 100 
0.06 0.00 
0.08 0.00 
0.10 0.00 

2.50 
0.02 1.50 75 
0.04 1.00 25 
0.06 0.00 0 
0.08 0.00 
0.10 0.00 

2.30 
0.02 1.70 90 
0.04 0.60 10 
0.06 0.00 
0.08 0.00 
0.10 0.00 

5.75 
0.03 2.50 100 
0.03 2.50 90 
0.03 0.75 25 
0.03 0.00 

10.00 
0.00 0.00 
0.03 0.00 
0.07 0.00 

9.50 

0.10 10.00 100 
10.00 

0.00 0.00 

0.03 0.00 2 
0.07 0.00 0 
0.10 10.00 97 

10.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 10.00 90 

8.00 
0.00 0.00 11 
0.03 0.00 
0.07 0.00 
0.10 8.00 75 

10.00 10.00 

10.00 10.00 
0.00 0.00 0.00 0.00 

0.03 0.00 O.Q3 0.00 

0.07 0.00 0.07 0.00 
0.10 10.00 100 0.10 10.00 100 

10.00 10.00 
0.00 0.00 0.00 0.00 10 

0.03 0.00 0.03 0.00 

0.07 0.00 0.07 0.00 
0.10 10.00 100 0.10 10.00 85 

10.00 10.00 
0.00 0.00 0.00 0.00 30 

0.03 0.00 0.03 0.00 10 

0.07 0.00 0.07 0.00 
0.10 10.00 100 0.10 10.00 55 

10.00 10.00 
0.00 0.00 0.00 0.00 75 

0.03 0.00 O.Q3 0.00 20 

0.07 0.00 0.07 0.00 0 
0.10 10.00 100 0.10 10.00 5 

35.23 38.45 
7.05 7.69 

7.50 
0.10 10.00 75 
0.10 10.00 100 
0.10 7.50 80 
0.10 2.50 50 

7.00 
0.02 0.00 
0.04 2.00 
0.06 0.00 
0.08 0.00 

3.93 

0.10 5.00 100 

4.00 
0.02 0.00 
0.04 4.00 100 
0.06 0.00 
0.08 0.00 
0.10 0.00 

2.50 
0.02 1.50 50 
0.04 1.00 50 
0.06 0.00 0 
0.08 0.00 
0.10 0.00 

2.20 
0.02 1.80 70 
0.04 0.40 30 
0.06 0.00 0 
0.08 0.00 
0.10 0.00 

5.50 
0.03 2.50 100 
0.03 2.25 100 
O.D3 0.63 100 
0.03 0.13 50 

9.19 
10.00 

0.00 0.00 0 
0.03 0.00 100 
0.07 0.00 
0.10 10.00 

9.77 
0.00 0.00 

0.03 0.07 50 
0,07 0.00 50 
0.10 9.70 

9.20 
0.00 0.00 50 
0.03 0.07 25 
0.07 0.13 25 
0.10 9.00 

7.80 
0.00 0.00 50 
0.03 0.17 25 
0.07 0.13 25 
0.10 7.50 

0.10 7.50 
0.10 10.00 
0.10 8.00 
0.10 5.00 

10.00 
0.02 0.00 
0.04 0.00 
0.06 0.00 
0.08 0.00 
0.10 10.00 

4.00 
0.02 0.00 
0.04 4.00 
0.06 0.00 
0.08 0.00 
0.10 0.00 

3.00 
0.02 1.00 
0.04 2.00 
0.06 0.00 
0.08 0.00 
0.10 0.00 

2.60 
0.02 1.40 
0.04 1.20 
0.06 0.00 
0.08 0.00 
0.10 0.00 

0.03 2.50 
0.03 2.50 
0.03 2.50 
0.03 1.25 

3.30 
0.00 0.00 
0.03 3.30 
0.07 0.00 
0.10 0.00 

4.95 
0.00 0.00 
0.03 1.65 
0.07 3.30 
0.10 0.00 

2.48 
0.00 0.00 
0.03 0.83 
0.07 1.65 
0.10 0.00 

2.48 
0.00 0.00 
0.03 0.83 
0.07 1.65 
0.10 0.00 

7.63 

4.90 

8.75 

3.30 

6.50 9.00 

10.00 10.00 
0.00 0.00 0.00 0.00 

0.03 0.00 0.03 0.00 

0.07 0.00 0.07 0.00 
0.10 10.00 100 0.10 10.00 

8.67 10.00 
0.00 0.00 0.00 0.00 

0.03 0.17 0.03 0.00 

0.07 0.00 0.07 0.00 
0.10 8.50 100 0.10 10.00 

6.17 10.00 
0.00 0.00 0.00 0.00 

0.03 0.33 0.03 0.00 

0.07 0.33 0.07 0.00 
0.10 5.50 100 0.10 10.00 

1.17 6.00 
0.00 0.00 40 0.00 0.00 

0.03 0.67 0.03 0.00 

om ooo om ooo 
0.10 0.50 60 0.10 6.00 

32.61 33.58 
6.52 6.72 

Selements Selements 5 elements 5 elements 
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HU MANWARE 

Experience employees 
· project manager[%) 
· foramen [%) 
· skilied Iabour [%) 

unskilled Iabour [%) 

Knowledge employees 
project managers 
· primary school [%) 
· secondary school [%I 
· higher education [%) 
· private univarsity [%) 
· state univarsity [%) 
foramen 
· primary school [%1 
· secondary school[%) 
· higher education [%) 
·private univers~y [%) 
· state univarsity [% 1 
skilied labourers 
· primary school [%1 
· secondary school [%1 
· higher education [%) 
· private univarsity [%) 
· state univarsity [% 1 
unskilled labourers 
· primary school [%I 
· secondary school [%1 
· higher education [%) 
· private univarsity [%) 
· state univarsity [%I 

Understanding blueprints 
· project managers [%1 
· foramen [%) 
· skilied labourers [%) 
· unskilled labourers [%I 

Absenteeism employees 
project managers 
· aleohotic and drug abuse[%) 
· physical illness[%1 
· fractures [%1 
· no absence [%1 
toramen 
· aleohotic and drug abuse[%) 
· physical illness[%) 
· fractures [%1 
· no absence [%1 
skilied labourers 
· aleohotic and drug abuse[%) 
· physical illness[%) 
· fractures [%1 
· no absence [%) 
unskilled labourers 
· aleohotic and drug abuse[%) 
· physical illness[%) 
· fractures [% 1 
· no absence [%1 

Common problems with 
employees 
project managers 
· insufficient skilis and 
knowied ge [%) 
· insufficient labourers 
available [%1 
· malivation problems [%1 
·none[%) 
foremen 
· insufficient skilts and 
knowledge [%) 
· insufficient labourers 
availabie [%) 
· malivation problems [%) 
·none[%) 
skilied labourers 
· insufficient skilis and 
knowledge [%) 
· insuflident labourers 
available [%) 
malivation problems [%] 

·none[%) 
unskilled labourers 
· insufficient skilis and 
knowledge [%) 
· insufficient labourers 
available [%) 
· motivation problems [%1 
·none[%) 
TOT AL 
average 

145 

#11 Po1nts Score Value #1 Po1nts Score Value #12 Poifltt. Score Value #18 Pollrta Score Value #5 Points Sçore Value 

8.00 6.78 8.75 7.75 8.75 
100 0.10 10.00 90 
100 0.10 10.00 90 
70 0.10 7.00 81 
50 0.10 5.00 10 

20 
80 

100 

100 

90 
10 
0 

5.60 

0.02 0.00 
0.04 0.80 
0.06 4.80 
0.08 0.00 

3.95 

0.10 0.00 100 
4.00 

0.02 0.00 
0.04 4.00 100 
0.06 0.00 
0.08 0.00 
0.10 0.00 

4.00 
0.02 0.00 100 
0.04 4.00 0 
0.06 0.00 
0.08 0.00 
0.10 0.00 

2.20 
0.02 1.80 50 
0.04 0.40 0 
0.06 0.00 
0.08 0.00 
0.10 0.00 

0.10 9.00 100 0.10 10.00 100 
0.10 9.00 100 0.10 10.00 100 
0.10 8.10 100 0.10 10.00 60 
0.10 1.00 50 0.10 5.00 50 

10.00 

0.02 0.00 
0.04 0.00 
0.06 0.00 
0.08 0.00 

4.25 

0.10 10.00 100 
4.00 

0.02 0.00 
0.04 4.00 100 
0.06 0.00 0 
0.08 0.00 
0.10 0.00 

2.00 
0.02 2.00 0 
0.04 0.00 100 
0.06 0.00 0 
0.08 0.00 
0.10 0.00 

1.00 

0.02 1.00 100 
0.04 0.00 
0.06 0.00 
0.08 0.00 
0.10 0.00 

10.00 

0.02 0.00 
0.04 0.00 
0.06 0.00 
0.08 0.00 
0.10 10.00 

4.00 
0.02 0.00 
0.04 4.00 
0.06 0.00 
0.08 0.00 
0.10 0.00 

4.00 
0.02 0.00 
0.04 4.00 
0.06 0.00 
0.08 0.00 
0.10 0.00 

2.00 
0.02 2.00 
0.04 0.00 
0.06 0.00 
0.08 0.00 
0.10 0.00 

5.00 

0.10 10.00 100 0.10 10.00 
0.10 10.00 100 0.10 10.00 
0.10 6.00 100 0.10 10.00 
0.10 5.00 50 0.10 5.00 

0.02 
0.04 
0.06 
0.08 
0.10 

0.02 
0.04 
0.06 
0.08 
0.10 

0.02 
0.04 
0.06 
0.08 
0.10 

0.02 
0.04 
0.06 
0.08 
0.10 

0.00 

0.00 

0.00 

0.00 

50 
50 

50 
50 
0 

100 

0.02 
0.04 
0.08 
0.08 
0.10 

3.00 

0.02 1.00 
0.04 2.00 
0.08 0.00 
0.08 0.00 
0.10 0.00 

3.00 

0.02 1.00 
0.04 2.00 
0.08 0.00 
0.08 0.00 
0.10 0.00 

2.00 
0.02 2.00 
0.04 0.00 
0.08 0.00 
0.08 0.00 
0.10 0.00 

2.67 

6.75 6.50 7.00 0.83 6.25 
100 0.03 2.50 100 
100 0.03 2.50 80 
70 0.03 1.75 80 

30 
0 

70 

30 
20 

50 

30 
30 

40 

0.03 0.00 

7.99 
0.00 0.00 
0.03 0.99 
0.07 0.00 

4.66 

0.10 7.00 100 
0.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 0.00 100 

5.66 
0.00 0.00 100 
0.03 0.66 0 
O.D7 0.00 
0.10 5.00 

4.99 
0.00 0.00 100 
0.03 0.99 
0.07 0.00 
0.10 4.00 

0.03 2.50 100 0.03 2.50 
0.03 2.00 100 0.03 2.50 30 
0.03 2.00 80 0.03 2.00 0 
0.03 0.00 0.03 0.00 

10.00 

0.00 0.00 

6.67 

0.03 0.00 100 
0.07 0.00 
0.10 10.00 

10.00 

0.00 0.00 

0.03 0.00 100 
0.07 0.00 0 
0.10 10.00 

0.00 
0.00 0.00 100 
0.03 0.00 0 
0.07 0.00 
0.10 0.00 

0.00 

0.00 0.00 100 
0.03 0.00 0 
0.07 0.00 
0.10 0.00 

1.65 
3.30 

0.00 0.00 100 
0.03 3.30 0 
0.07 0.00 
0.10 0.00 

3.30 

0.00 0.00 100 
0.03 3.30 
0.07 0.00 
0.10 0.00 

0.00 
0.00 0.00 100 
0.03 0.00 0 
0.07 0.00 
0.10 0.00 

0.00 
0.00 0.00 100 
0.03 0.00 
0.07 0.00 
0.10 0.00 

0.03 0.08 100 0.03 2.50 
0.03 0.75 100 0.03 2.50 
0.03 0.00 50 0.03 1.25 
0.03 0.00 0.03 0.00 

0.00 
0.00 0.00 
0.03 0.00 
0.07 0.00 

0.00 

0.10 0.00 100 
0.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 0.00 100 

0.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 0.00 100 

0.00 
0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 0.00 100 

10.00 
0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 10.00 

10.00 
0.00 0.00 

0.03 0.00 
0.07 0.00 
0.10 10.00 

10.00 
0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 10.00 

10.00 
0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 10.00 

10.00 

8.54 5.00 6.25 5.25 10.00 

9.13 10.00 10.00 3.00 10.00 
~~ ~~ ~~ ro~~ ~~ 

0.07 0.07 0.07 0.00 0.07 0.00 0.07 0.00 0.07 0.00 
90 0.10 9.00 100 . 0.10 10.00 100 0.10 10.00 30 0.10 3.00 100 0.10 10.00 

9.13 0.00 10.00 2.00 10.00 
0.00 0.00 100 0.00 0.00 0.00 0.00 80 0.00 0.00 0.00 0.00 

0.03 0.07 0.03 0.00 0.03 0.00 0 0.03 0.00 0.03 0.00 

0.07 O.o7 0.07 0.00 0.07 0.00 0.07 0.00 0.07 0.00 
90 0.10 9.00 0.10 0.00 100 0.10 10.00 20 0.10 2.00 100 0.10 10.00 

BD JD 500 800 1000 
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.03 0.20 100 0.03 3.33 50 0.03 1.67 0.03 0.00 0.03 0.00 

0.07 0.13 0.07 0.00 50 0.07 3.33 60 0.07 4.00 0.07 0.00 
80 0.10 8.00 0.10 0.00 0.10 0.00 40 0.10 4.00 100 0.10 10.00 

7.57 6.66 0.00 8.00 10.00 

17 0.00 0.00 0.00 0.00 100 0.00 0.00 0.00 0.00 0.00 0.00 

0.03 0.30 0.03 0.00 0.03 0.00 0.03 0.00 0.03 0.00 

~~ m~~ ~~ 60~~ ~~ 

70 0.10 7.00 0.10 0.00 0.10 0.00 40 0.10 4.00 100 0.10 10.00 

31.90 29.19 26.65 13.82 37.67 
6.38 5.84 5. 73 3.46 7.53 

Se/ements Selements 5elements 4 elements Selements 



HU MANWARE 

Experience employees 
· project manager [%1 
· foramen [%] 

skilied Iabour [%1 
· unskilied Iabour [%] 

Knowledge employees 
project managers 
· primary school [%1 
· secondary school[%] 
· higher education [%1 
· private univarsity [%] 
· state univarsity [%1 
fa re men 
· primary school [%] 
· secondary school [% 1 
· higher education [%] 
·private univarsity (%1 
· state univarsity [%1 
skilied labourers 
· primary school[%] 
· secondary school [%] 
· higher education (%] 
· private univarsity (%] 
· state univarsity [%1 
unskilled labourers 
· primary school[%] 
· secondary school [%1 
· higher education [%] 
· private univarsity [%] 
· state univarsity [%] 

Understanding blueprints 
· project managers [%] 
· teremen [%] 
· skilied labourers [%I 
· unskilled labourers [%] 

Absenteeism employees 
project managers 
· alcoholic and drug abuse[%] 
· physical iliness[%] 
· fractures [%] 
· no absence [%] 
foramen 
· aleohotic and drug abuse[%1 
· physical illness[%1 
· fractures [%] 
· no absence [%] 
skilied labourers 
· aleohotic and drug abuse[%] 
· physical illness[%] 
· fractures [%] 
· no absence [%I 
unskilled labourers 
· aleohotic and drug abuse[%] 
· physical iliness[%] 
· fractures [% 1 
· no absence [%] 

Common problems with 
employees 
project managers 
· insufficient skilis and 
knowledge [%] 
· insufficient labourers 
available [%] 
· motivation problems [%1 
·none [%1 
foramen 
· insufficient skilis and 
knowledge [%] 
· insufftcient labourers 
available [%] 
· malivation problems [%1 
·none [%1 
skilied labourers 
· insufficient skilis and 
knowledge [%] 
· insufficient labourers 
available [%] 
· motivation problems [%] 
·none[%] 
unskilled labourers 
· insufficient skilis and 
knowledge [%] 
· insufficîent labourers 
available [%] 
· motivation problems [%] 
·none [%1 
TOT AL 
average 

#6 Pomts Score Vahle #15 Points Score Value #13 Po1nts Score Value #8 Points Score Value #19 Points Score Vatue #7 Points Score Value 

10.00 
100 0.10 10.00 100 
100 0.10 10.00 100 
100 0.10 10.00 100 
100 0.10 10.00 0 

10.00 

0.02 0.00 
0.04 0.00 
0.06 0.00 
0.08 0.00 

4.80 

100 0.10 10.0a 100 
4.00 

0.02 0.00 0 
100 0.04 4.0a 100 
0 0.06 0.00 

0.08 0.00 
0.10 0.00 

3.00 

so 0.02 1.0a 100 
sa o.04 2.oa 

0.06 0.00 
0.08 o.oa 
0.10 o.oa 

2.20 

90 0.02 1.80 100 
10 0.04 0.40 
0 0.06 0.00 

0.08 0.00 
0.10 0.00 

5.50 
100 0.03 2.SO 100 
100 0.03 2.SO 100 
20 0.03 o.so 50 

0.03 0.00 

9.80 
0.00 0.00 

9.24 

0.03 0.00 100 
0.07 0.00 0 

98 0.10 9.80 
9.93 

0.00 0.00 20 
0.03 0.03 80 
0.07 0.00 

99 0.10 9.90 
9.0!l 

0.00 0.00 so 
0.03 O.o7 SO 

8 0.07 0.53 0 
85 0.10 8.50 

8.13 

0.00 0.00 80 
0.03 0.07 20 
0.07 0.07 

80 0.10 8.00 

10.00 

0.00 0.00 

0.03 0.00 

9.50 

0.07 0.00 so 
100 0.10 10.00 so 

7.SO 

0.1a 1a.aa 10a 
o.1a 1a.oa sa 
a.1a 1a.oo sa 
a.1a a.oa 3a 

10.00 

0.02 0.00 

4.SO 

0.04 0.00 100 
0.06 0.00 

0.08 0.00 
0.10 10.00 

4.00 

0.02 0.00 100 
0.04 4.00 
0.06 0.00 
0.08 0.00 
0.10 0.00 

2.00 
0.02 2.00 100 
0.04 0.00 0 
0.06 0.00 
0.08 0.00 
0.10 0.00 

2.00 
0.02 2.00 100 
0.04 0.00 
0.06 0.00 
0.08 0.00 
0.10 0.00 

6.25 
O.o3 2.50 100 
0.03 2.50 100 
0.03 1.25 0 
0.03 0.00 

3.30 

0.00 0.00 
0.03 3.30 
0.07 0.00 

2.06 

0.10 0.00 100 
2.64 

0.00 0.00 30 

0.03 2.64 
0.07 0.00 
0.10 0.00 70 

1.65 

0.00 0.00 so 
0.03 1.6S 
o.a7 a.oo 0 
a.10 a.oa 5a 

0.66 

o.aa o.oa 5a 
o.a3 0.66 
0.07 0.00 
0.10 0.00 50 

8.33 
0.00 0.00 

0.03 0.00 

0.07 3.33 

4.S8 

0.10 s.oo 100 
S.OO 

S.7S 
a.1a 10.ao 100 
a.10 s.ao 100 
a.10 s.ao 1aO 
a.1a 3.aa 7a 

4.00 

0.02 0.00 
0.04 4.00 

2 so 

0.06 0.00 so 

0.08 0.00 0 
0.10 0.00 so 

2.00 
0.02 2.00 
0.04 0.00 
0.06 0.00 100 
0.08 0.00 0 
a.10 0.00 

2.00 
0.02 2.00 
0.04 0.00 30 
0.06 0.00 70 
0.08 0.00 
0.10 0.00 

2.00 
0.02 2.00 80 
a.04 o.oa 20 
0.06 o.oa 0 
0.08 0.00 
0.10 0.00 

5.00 
a.03 2.SO 1 ao 
0.03 2.50 100 
0.03 0.00 80 
0.03 0.00 40 

10.00 

o.ao 0.00 
0.03 0.00 
0.07 0.00 

6.7S 

0.10 10.00 100 
7.00 

0.00 0.00 
0.03 0.00 10 
0.07 0.00 
0.10 7.00 90 

5.00 
0.00 0.00 10 
0.03 0.00 
0.07 0.00 
0.10 5.00 90 

5.00 
0.00 0.00 20 
0.03 0.00 
0.07 0.00 
0.10 5.00 80 

10.00 

0.00 0.00 

0.03 0.00 

7.83 

0.07 0.00 0 
0.10 10.00 100 

8.00 

9.2S 
0.1a 10.oa 100 
a.10 10.00 80 
a.10 10.oa 
0.10 7.00 

8.00 
0.02 0.00 
o.a4 o.ao 

0.06 3.00 
0.08 o.ao 

S.4S 

0.1a S.OO 100 
6.00 

0.02 0.00 
0.04 0.00 
0.06 6.00 100 
0.08 0.00 0 
0.10 0.00 

S.40 
0.02 0.00 
0.04 1.20 
0.06 4.20 
0.08 0.00 
0.10 0.00 

2.40 
0.02 1.60 
0.04 0.80 
0.06 0.00 
0.08 0.00 
0.10 0.00 

8.00 
0.03 2.SO 100 
0.03 2.SO 100 
0.03 2.00 
0.03 1.00 

10.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 

9.08 

0.10 10.00 100 
9.33 

0.00 0.00 
0.03 0.33 
0.07 0.00 
0.10 9.00 100 

9.00 
0.00 0.00 50 
0.03 0.00 2S 
0.07 0.00 25 
0.10 9.00 0 

8.00 

0.00 0.00 50 
0.03 0.00 2S 
0.07 0.00 2S 
0.10 8.00 

8.13 

10.00 

0.00 0.00 100 

0.03 0.00 

0.07 0 00 
0.10 10.00 

9.00 

9.00 
0.10 10.00 100 
0.10 8.00 100 
0.10 
0.10 

10.00 

0.02 0.00 
0.04 o.oa 
0.06 0.00 
0.08 0.00 

8.00 

0.10 10.00 100 
6.00 

0.02 0.00 
0.04 0.00 
0.06 6.00 100 
0.08 0.00 
0.10 0.00 0 

0.02 
0.04 
0.06 
0.08 
0.10 

0.02 50 
0.04 
0.06 
0.08 
0.10 

5.00 
0.03 2.SO 100 
0.03 2.SO 100 
0.03 0.00 80 
0.03 0.00 5 

10.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 

6.24 

0.10 10.00 100 
10.00 

0.00 0.00 

0.03 0.00 
0.07 0.00 
0.10 10.00 100 

2.48 
0.00 0.00 
0.03 0.83 
0.07 1.65 
0.10 0.00 

2.48 
0.00 0.00 
0.03 0.83 
0.07 1.6S 
0.10 0.00 

0.00 

4.67 

0.00 0.00 0 

0.03 0.00 

0.07 0.00 
0.10 0.00 100 

0.00 

0.10 10.00 
0.10 10.00 
0.10 0.00 
0.10 o.so 

10.00 

0.02 0.00 
0.04 0.00 
0.06 0.00 

0.08 0.00 
0.10 10.00 

6.00 
0.02 0.00 
0.04 0.00 
0.06 6.00 
0.08 0.00 
0.10 0.00 

0.02 
0.04 
0.08 
0.08 
0.10 

0.02 1.00 
0.04 0.00 
0.06 0.00 
0.08 0.00 
0.10 0.00 

0.03 2.50 
0.03 2.50 
0.03 2.00 
0.03 0.13 

10.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 10.00 

10.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 10.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 0.00 

0.00 0.00 
0.03 0.00 
0.07 0.00 
0.10 0.00 

10.00 

0.00 0.00 

0.03 0.00 

9.17 
0.00 0.00 so 0.00 0.00 0.00 0.00 10 0.00 0.00 100 0.00 0.00 

0.07 0.00 
0.10 10.00 

10.00 

0.00 0.00 

0.03 0.17 0.03 0.00 30 0.03 1.00 

0.07 0.00 0.07 0.00 0.07 0.00 

90 0.10 9.00 so 0.10 S.OO 70 0.10 7.00 

9.00 5.00 6.67 

0.03 0.00 

0.07 0.00 
90 0.10 9.00 

7.5.0 

0.03 0.00 

0.07 0.00 
0.10 0.00 

9.33 

0.03 0.00 

0.07 0.00 
100 0.10 10.00 

10.00 

10 O.Q3 0.33 0.03 0.00 SO 0.03 1.67 0.03 0.00 0.03 0.00 0 0.03 0.00 

10 0.07 0.67 0.07 0.00 0.07 0.00 0.07 0.00 20 0.07 1.33 0.07 0.00 
80 0.10 8.00 so 0.10 5.00 so 0.10 s.oo 7S 0.10 7.50 80 0.10 8.00 100 0.10 10.00 

~~ ooo ~u ~oo ~D s~ 

0.00 0.00 100 0.00 0.00 0.00 0.00 40 0.00 0.00 0.00 0.00 0 0.00 0.00 

0.03 0.00 0.03 0.00 so 0.03 1.67 0.03 0.00 0.03 0.00 so 0.03 1.67 

0.07 0.33 0 0.07 0.00 0 0.07 0.00 0.07 0.00 20 0.07 1.33 25 0.07 1.67 
95 0.10 9.50 0 0.10 0.00 50 0.10 5.00 60 0.10 6.00 80 0.10 8.00 25 0.10 2.50 

6.83 

S.67 

1.00 

7.13 

10.00 

8.96 

39.04 24.90 27.83 39.91 32.90 38.58 
7.81 4.98 5.S7 7.98 6.58 7.72 

Se/ements Se/ements 5elements 5 elements Se/ements 5 e/ements 
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INFORWARE 

Specialistliterature 
South-American. Centrai

American 
North-American and 

Europaan 

Avallable documentalion 
doeurnenis 

construction procedures, 
techniques 
· time planning procedures 
· progress control techniques 
· cost control techniques 
· menuals of machines 
· specifications of machines 
· norms, regulations 
· doeurnenis fermer projects 
· computer software manuals 
computer 
· construction procedures, 
techniques 
· time planning procedures 
· progress controltechniques 
· cost control techniques 
· manuals of machines 
· specifications of machines 
· norms, regulations 
· doeurnenis lormar projects 
· computer software manuals 

Avallable databases 
doeurnenis 
· information of materials 
· intermation of equipment 
· prices of materials 
· prices of equipment 
· suppliers of matenals 
· suppliers of equipment 
computer 
· information of materials 
· information of equipment 
· prices of matenals 
· prices of equipment 
· suppliers of materiets 
· suppliers of equipment 

TOT AL 
average 

147 

#2 Pomta Score Value #10 Points Score Villul #9 Points Score ValtHI #17 Points Score VahJe 

1.00 3.00 

2.00 0.00 

0.00 
0.56 0.00 

0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 

5.56 
1.11 1.11 

1.11 1.11 
1.11 1.11 
1.11 1.11 
1.11 0.00 

3.00 

3.70 

1.11 0.00 0 
1.11 1.11 0 

1.11 0.00 
1.11 0.00 

0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 

10.02 
1.67 1.67 
1.67 1.67 
1.67 1.67 

6.68 

1.67 1.67 0 
1.67 1.67 
1.67 1.67 

13.38 
4.46 

1.00 2.00 

2.00 0.00 

5.00 
0.56 0.56 

0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.66 

5.56 
1.11 0.00 

1.11 1.11 
1.11 1.11 
1.11 1.11 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 1.11 
1.11 1.11 

4.17 
0.83 0.83 
0.83 0.83 
0.83 0.00 
0.83 0.83 
0.83 0.83 
0.83 0.83 

0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 

3elements 3elements 

2.00 

7.04 

2.78 

11.81 
3.94 

1.00 2.00 

2.00 4.00 

4.44 

0.56 0.56 

0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.00 
0.56 0.56 

4.44 

1.11 0.00 

1.11 1.11 
1.11 1.11 
1.11 0.00 
1.11·1.11 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 1.11 

5.00 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 

0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 

3elements 

6.00 

5.93 

3.33 

15.26 
5.09 

1.00 2.00 

2.00 0.00 

5.00 
0.56 0.56 

0.56 0.56 
0.56 0.66 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.66 
0.56 0.56 

4.44 

1.11 1.11 

1.11 1.11 
1.11 1.11 
1.11 1.11 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 

5.00 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 

8.35 
1.67 1.67 
1.67 1.67 
1.67 1.67 
1.67 1.67 
1.67 0.00 
1.67 1.67 

3elements 

2.00 

6.30 

8.90 

17.20 
5.73 



INFORWARE 

Specialist litorature 
South-American, Centrai

American 
North-American and 

Europeen 

Available documentation 
documents 

construction procedures, 
techniques 
· time planning procedures 
· progress control techniques 
· eest control techniques 
· menuals of machines 
· specifications of machines 
· norms, regulations 
· doeurnenis fermer projects 
· computer software manuals 
computer 
· construction procedures, 
techniques 
· time planning procedures 
· progress controt techniques 
· eest control techniques 
· manuals of machines 
· specifications of machines 
· norms, regulations 
· doeurnenis former projects 
· computer software menuals 

Available databases 
documents 
· information of materials 
· information of equipment 
· pricas of rnatorials 
· prices of equipment 
· suppliers of materials 
· suppliers of equipment 
computer 
· information of materials 
· information of equipment 
· prices of materials 
· prices of equipment 
· suppliers of materials 
· suppliers of equipment 

TOT AL 
average 

#11 Poinls Score Value #1 Po1nts Score Value #12 Point& Score Value #18 Po1nts Score Value #5 Po1nla Score Va/UI 

1.00 0.00 

2.00 0.00 

3.33 

0.56 0.00 

0.56 0.00 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.00 
0.56 0.56 
0.56 0.56 

6.67 

1.11 1.11 

1.11 0.00 
1.11 1.11 

1.11 1.11 
1.11 0.00 
1.11 0.00 
1.11 1.11 
1.11 1.11 
1.11 1.11 

5.00 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 

1.67 

1.67 1.67 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 

1.67 0.00 

3 e/ements 

0.00 

6.67 

4.45 

11.11 
3.70 

1.00 1.00 

2.00 0.00 

1.11 

0.56 0.56 

0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.56 
0.56 0.00 

8.89 

1.11 1.11 

1.11 1.11 
1.11 1.11 
1.11 1.11 
1.11 1.11 
1.11 1.11 
1.11 1.11 
1.11 0.00 
1.11 1.11 

5.00 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 

6.68 

1.67 1.67 
1.67 1.67 
1.67 1.67 
1.67 0.00 
1.67 1.67 

1.67 0.00 

3 elements 

1.00 

6.67 

7.79 

15.45 
5.15 

1.00 2.00 

2.00 2.00 

4.44 

0.56 0.56 

0.56 0.56 
0.56 0.00 
0.56 0.58 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 

5.56 
1.11 0.00 

1.11 0.00 
1.11 1.11 
1.11 1.11 
1.11 1.11 
1.11 0.00 
1.11 0.00 
1.11 1.11 
1.11 1.11 

5.00 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 

1.67 

1.67 0.00 
1.67 0.00 
1.67 1.67 
1.67 0.00 
1.67 0.00 

1.67 0.00 

3 elements 

4.00 

6.67 

4.45 

15.11 
5.04 

1.00 0.00 

2.00 0.00 

1.67 

0.56 0.56 

0.56 0.00 
0.56 0.56 
0.56 0.00 
0.56 0.56 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 

0.00 
1.11 0.00 

1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 

3.33 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.00 
0.83 0.83 
0.83 0.00 

0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 

1.67 0.00 

3elements 

0.00 

1.11 

2.22 

3.33 
1.11 

1.00 3.00 

2.00 0.00 

1.67 

0.56 0.00 

0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.56 
0.56 0.56 
0.56 0.56 

3.33 

1.11 0.00 

1.11 0.00 
1.11 1.11 
1.11 1.11 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 1.11 
1.11 0.00 

0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 

3.34 
1.67 0.00 
1.67 0.00 
1.67 1.67 
1.67 0.00 
1.67 1.67 

1.67 0.00 

3 elements 

3.00 

3.33 

2.23 

8.56 
2.85 
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INFORWARE 

Specialist literature 
South-American, Centrai

American 
North-American and 

European 

Available documentation 
doeurnenis 

construction procedures, 
techniques 
· time planning procedures 
· progress control techniques 
· cost control techniques 
· manuals of machines 
· specifications of machines 

norms, regulations 
· documents former projects 
· computer software manuals 
computer 
· construction procedures, 
techniques 
· time planning procedures 
· progress control techniques 
· cost control techniques 
· manuals of machines 
· specifications of machines 
· norms, regulations 
· documents lormar projects 
· computer software manuals 

Available databases 
documents 
· information of materia Is 
· information of equipment 
· prices of materials 
· prices of equipment 
· suppliers of materials 
· suppliers of equipment 
computer 
· information of materials 
· information of equipment 
· prices of materials 
· prices of equipment 
· suppliers of materials 
· suppliers of equipment 

TOT AL 
average 

149 

#6 PoJilts Score Value #15 Points Score Value #13 Pomts Score Value #8 Polllis Sc:ore Value #19 Points Score Value #7 POints Score Value 

1.00 3.00 

2.00 4.00 

3.33 

0.56 0.56 

0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.56 

2.22 
1.11 0.00 

1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 1.11 

0 1.11 0.00 
1.11 0.00 
1.11 1.11 
1.11 0.00 

5.00 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 

0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 

3 elements 

7.00 

3.70 

3.33 

14.04 
4.68 

1.00 1.00 

2.00 0.00 

1.67 

0.56 0.00 

0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.56 
0.56 0.56 
0.56 0.56 
0.56 0.00 
0.56 0.00 

5.56 
1.11 1.11 

1.11 1.11 
1.11 1.11 
1.11 1.11 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 1.11 

4.17 

0.83 0.00 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 

1.67 

1.67 1.67 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 

3 elements 

1.00 

4.81 

3.89 

9.71 
3.24 

1.00 1.00 

2.00 0.00 

0.00 
0.56 0.00 

0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 

0.00 
1.11 0.00 

1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 

0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 
0.83 0.00 

0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 

3elements 

1.00 

0.00 

0.00 

1.00 
0.33 

1.00 1.00 

2.00 0.00 

1.11 

0.56 0.00 

0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.56 
0.56 0.00 
0.56 0.56 
0.56 0.00 
0.56 0.00 

3.33 

1.11 0.00 

1.11 1.11 
1.11 1.11 
1.11 1.11 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 

5.00 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 

6.68 
1.67 1.67 
1.67 0.00 
1.67 1.67 
1.67 1.67 
1.87 1.67 
1.67 0.00 

3elements 

1.00 

2.96 

7.79 

11.75 
3.92 

1.00 1.00 

2.00 6.00 

4.44 

0.56 0.56 

0.56 0.56 
0.56 0.56 
0.58 0.56 
0.58 0.56 
0.58 0.58 
0.56 0.56 
0.56 0.00 
0.56 0.56 

2.22 
1.11 0.00 

1.11 0.00 
1.11 1.11 
1.11 0.00 

7.00 

4.44 

1.11 0.00 0 
1.11 0.00 0 
1.11 0.00 
1.11 0.00 
1.11 1.11 

3.33 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.00 
0.83 0.00 

3.34 
1.87 0.00 
1.67 0.00 
1.67 0.00 
1.67 0.00 
1.67 1.67 
1.67 1.67 

4.45 

15.89 
5.30 

1.00 2.00 

2.00 0.00 

0.56 
0.56 0.56 

0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 
0.56 0.00 

2.22 
1.11 0.00 

1.11 0.00 
1.11 1.11 
1.11 1.11 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 
1.11 0.00 

5.00 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 
0.83 0.83 

10.02 
1.67 1.67 
1.67 1.67 
1.67 1.67 
1.67 1.67 
1.67 1.67 
1.67 1.67 

3 elements 3elemenls 

2.00 

1.85 

10.01 

13.87 
4.62 



ORGAWARE 

Quality control matenals 
· na quality control at all 
·at random 
· everything 

Execution of quality control 
·none 
· visually 
· with simple measuring 
instruments on site 
· with complex measuring 
instruments in a lab 

Safety precautions 
· helmets 
· safety shoes 
· eye proteetion 
· ear proteetion 

Directlog on site 
problems 
· verbal 
· wr~ten 
complaints 
· verbal 
· written 
information 
· verbal 
· written 

Stealing of matenals and 
equipment 
matenals 
· four times or more 
· three times 
· two times 
· one time 
·never 
equipment 
· four times or more 
· three times 
· two times 
· onetime 
·never 

Site proteetion 
· no proteetion 
· non locked fence 
· locked fence 
· security guard 
· non locked fence and 
security guard 
· locked fence and security 
guard 

Matenals and equlpment in 
stock 
matenals 

always 
·aften 
· sametimes 
· seldom 
·never 
equipment 
· always 
·aften 
· somatimes 
· seldom 
·never 

TOT AL 
average 

#2 Points Score Value #1 O Patois Score Value #9 Poinls Score VakJe #17 Po1nts Score Value 

0.00 0.00 
2.50 0.00 
5.00 10.00 

0.00 0.00 
1.67 3.34 
3.33 0.00 

5.00 0.00 

2.50 0.00 
2.50 0.00 
2.50 2.50 
2.50 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 0.00 
5.00 5.00 

0.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 0.00 

3.75 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 3.75 
5.00 0.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 6.00 
8.00 0.00 

10.00 0.00 

4.38 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 3.75 
5.00 5.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

7 elements 

5.00 

1.67 

2.50 

5.00 

3.75 

6.00 

9.38 

33.30 
4.76 

0.00 0.00 
2.50 2.50 
5.00 5.00 

0.00 0.00 
1.67 1.67 
3.33 0.00 

5.00 0.00 

2.50 0.00 
2.50 0.00 
2.50 0.00 
2.50 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

0.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 6.00 
8.00 0.00 

10.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

2.50 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 0.00 
5.00 0.00 

7 elements 

3.75 

1.67 

0.00 

5.00 

5.00 

6.00 

7.50 

28.92 
4.13 

0.00 0.00 
2.50 2.50 
5.00 5.00 

0.00 0.00 
1.67 10.02 
3.33 16.65 

5.00 0.00 

2.50 2.50 
2.50 2.50 
2.50 2.50 
2.50 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

10.00 
5.00 5.00 
5.00 5.00 

0.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 0.00 

3.75 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 3.75 
5.00 0.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 0.00 
8.00 0.00 

10.00 10.00 

3.75 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 3.75 
5.00 5.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

7 elements 

3.75 

2.42 

7.50 

6.67 

3.75 

10.00 

8.75 

42.84 
6.12 

0.00 0.00 
2.50 2.50 
5.00 0.00 

0.00 0.00 
1.67 1.67 
3.33 3.33 

5.00 5.00 

2.50 2.50 
2.50 2.50 
2.50 2.50 
2.50 2.50 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

0.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 0.00 

2.50 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 0.00 
5.00 0.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 6.00 
8.00 0.00 

10.00 0.00 

2.50 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 0.00 
5.00 0.00 

2.50 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 0.00 
5.00 0.00 

7 elements 

2.50 

3.33 

10.00 

5.00 

2.50 

6.00 

5.00 

34.33 
4.90 
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ORGAWARE 

Quality control matenals 
· no quality control at all 
·at random 
· everything 

Execution of quality control 
·none 
· visually 
· with simple measuring 
instruments on site 
· with complex measuring 
instruments in a lab 

Safety precautlons 
· helmets 
· safety shoes 
· eye proteetion 
· ear proteetion 

Directing on site 
problems 
· verbal 
·written 
Complaints 
· verbal 
·written 
/nformation 
· verbal 
· written 

Stealing of materials and 
equlpment 
matenals 
· tour times ar more 
· three times 
· twotimes 
· one time 
·never 
equipment 
· four times ar more 
· three times 
· twotimes 
·ene time 
·never 

Site proteetion 
na proteetion 

· non locked fence 
· locked fence 
· security guard 
· non locked fence and 
security guard 
· locked fence and security 
guard 

Materials and equlpment in 
stock 
matenals 
· always 
·aften 
· sametimes 
· setdom 
·never 
equipment 
· always 
·aften 
· sametimes 
· setdom 
·never 

TOT AL 
average 

151 

#11 Potnis Score Value #1 Potnis Score Value #12 Points Score Value #18 Potnis Score Value #5 Points Score VaiUe 

0.00 0.00 
2.50 0.00 
5.00 5.00 

0.00 0.00 
1.67 1.67 
3.33 0.00 

5.00 0.00 

2.50 0.00 
2.50 0.00 
2.50 2.50 
2.50 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

0.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 

0 3.75 0.00 
0 5.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 0.00 
8.00 8.00 

10.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 

3.75 0.00 
5.00 5.00 

7 elements 

5.00 

1.67 

2.50 

5.00 

5.00 

8.00 

10.00 

37.17 
5.31 

0.00 0.00 
2.50 5.00 
5.00 0.00 

0.00 0.00 
1.67 0.00 
3.33 6.66 

5.00 10.00 

2.50 2.50 
2.50 2.50 
2.50 2.50 
2.50 2.50 

5.00 
5.00 0.00 
5.00 5.00 

5.00 

5.00 0.00 
5.00 5.00 

5.00 
5.00 5.00 
5.00 0.00 

1.25 

0.00 0.00 
1.25 1.25 
2.50 0.00 
3.75 0.00 
5.00 0.00 

1.25 
0.00 0.00 
1.25 1.25 
2.50 0.00 
3.75 0.00 
5.00 0.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 6.00 
8.00 0.00 

10.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

2.08 

0.00 0.00 
1.25 1.25 
2.50 0.00 
3.75 0.00 
5.00 5.00 

7 elements 

2.50 

4.17 

10.00 

5.00 

2.50 

6.00 

7.08 

37.25 
5.32 

0.00 0.00 
2.50 2.50 
5.00 0.00 

0.00 0.00 
1.67 0.00 
3.33 0.00 

5.00 5.00 

2.50 2.50 
2.50 2.50 
2.50 2.50 
2.50 2.50 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

2.50 

0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 0.00 
5.00 0.00 

3.75 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 3.75 
5.00 0.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6 00 6.00 
8.00 0.00 

10.00 0.00 

2.50 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 0.00 
5.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

7 elements 

2.50 

5.00 

10.00 

5.00 

6.25 

6.00 

7.50 

42.25 
6.04 

0.00 0.00 
2.50 0.00 
5.00 5.00 

0.00 0.00 
1.67 1.67 
3 33 0.00 

5.00 0.00 

5.00 

1.67 

0.00 0.00 
2.50 5.00 
5.00 0.00 

0.00 0.00 
1.67 3.34 
3.33 0.00 

5.00 0.00 

2.50 

1.67 

2.50 0.00 
2.50 0.00 2.50 0.00 
2.50 0.00 2.50 0.00 
2.50 2.50 2.50 0.00 
2.50 0.00 0 2.50 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

0.00 
5.00 
5.00 

2.50 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 0.00 
5.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 0.00 
8.00 8.00 

10.00 0.00 

0.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 0.00 

0.00 
0.00 0.00 
1.25 0,00 
2.50 0.00 
3.75 0.00 
5.00 0.00 

7elements 

5.00 

7.50 

8.00 

0.00 

29.67 
4.24 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 0.00 
8.00 0.00 

10.00 0.00 

5.00 
0 0.00 0.00 
0 1.25 0.00 
0 2.50 0.00 
0 3.75 0.00 

5.00 5.00 
5.00 

0 0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

7 elements 

5.00 

10.00 

0.00 

10.00 

29.17 
4.17 



ORGAWARE 

Quality control matenals 
· no quality control at all 
·at random 
· everything 

Execution of quality control 
·none 
visually 
with simpte measuring 

instruments on site 
· with complex measuring 
instruments in a lab 

Safety precautions 
· helmets 
· safety shoes 
· eye proteetion 
· ear proteetion 

Directing on site 
problems 
· verbal 
· written 
Complaints 
· verbal 
· written 
Intermation 
· verbal 
· written 

Stealing of materials and 
equipment 
matenals 
· tour times or more 
· three times 
· two times 
· one time 
·never 
equipment 
· four times or more 
· three times 
· twotimes 
· enetime 
·never 

Site proteetion 
· no proteetion 
· non locked fence 
· locked fence 
· security guard 
· non locked fence and a 
security guard 
· locked fence and security 
guard 

Materials and equipment In 
stock 
materials 
· always 
·aften 
· somelimes 
· seldom 
·never 
equipment 
· always 
·aften 
· sametimes 
· setdom 
·never 

TOT AL 
average 

#6 Pomts Score Value #15 Pomts Score Value #13 Polnis Score Value #8 Po1nls Score Value #19 Points Score Value #7 Points Seore Value 

0.00 0.00 
2.50 0.00 
5.00 15.00 

0.00 0.00 
1.67 3.34 
3.33 3.33 

5.00 10.00 

2.50 2.50 
2.50 0.00 
2.50 2.50 
2.50 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

0.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 0.00 

0.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 0.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 6.00 
8.00 0.00 

10.00 0.00 

3.75 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 0.00 
5.00 5.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

7 elements 

5.00 

3.33 

5.00 

5.00 

0.00 

6.00 

8.75 

33.08 
4.73 

0.00 0.00 
2.50 2.50 
5.00 0.00 

0.00 0.00 
1.67 1.67 
3.33 3.33 

5.00 0.00 

2.50 2.50 
2.50 0.00 
2.50 2.50 
2.50 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 

0 5.00 0.00 

0.00 
0 5.00 0.00 

5.00 0.00 

1.25 
0.00 0.00 
1.25 1.25 
2.50 0.00 
3.75 0.00 
5.00 0.00 

5.00 
0 0.00 0.00 

1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 6.00 
8.00 0.00 

10.00 0.00 

2.50 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 0.00 
5.00 0.00 

3.13 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 3.75 
5.00 0.00 

7 elements 

2.50 

2.50 

5.00 

3.33 

6.25 

6.00 

5.63 

31.21 
4.46 

0.00 0.00 
2.50 0.00 
5.00 5.00 

0.00 0.00 
1.87 1.67 
3.33 0.00 

5.00 0.00 

2.50 0.00 
2.50 0.00 
2.50 2.50 
2.50 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

0.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 0.00 

0.00 

0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 0.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
8.00 6.00 
8.00 0.00 

10.00 0.00 

2.50 
0.00 0.00 
1.25 0.00 
2.50 2.50 
3.75 0.00 
5.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

7 elements 

5.00 

1.67 

2.50 

5.00 

0.00 

6.00 

7.50 

27.67 
3.95 

0.00 
2.50 
5.00 

0.00 0.00 
1.67 0.00 
3.33 9.99 

5.00 0.00 

2.50 0.00 
2.50 2.50 
2.50 2.50 
2.50 0.00 

5.00 
5.00 5.00 
5.00 0.00 

5.00 
5.00 5.00 
5.00 0.00 

10.00 
5.00 5.00 
5.00 5.00 

1.25 
0.00 0.00 
1.25 1.25 
2.50 0.00 
3.75 0.00 
5.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

0.00 0.00 
2.00 0.00 
4.00 0.00 
6.00 6.00 
8.00 0.00 

10.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 

0 3.75 0.00 
5.00 5.00 

5.00 
0.00 0.00 

0 1.25 0.00 
0 2.50 0.00 

3.75 0.00 
5.00 5.00 

6elements 

3.33 

5.00 

6.67 

6.25 

6.00 

10.00 

37.25 
6.21 

0.00 0.00 
2.50 2.50 
5.00 0.00 

0.00 0.00 
1.67 1.67 
3.33 3.33 

5.00 0.00 

2.50 

2.50 

0.00 

0.00 0.00 
2.50 0.00 
5.00 20.00 

0.00 0.00 
1.67 6.68 
3.33 0.00 

0 5.00 0.00 

2.50 0.00 0 2.50 0.00 
2.50 0.00 
2.50 0.00 
2.50 0.00 

2.50 0.00 0 
2.50 0.00 0 
2.50 0.00 0 

5.00 
5.00 5.00 

0 5.00 0.00 
5.00 

5.00 5.00 
0 5.00 0.00 

10.00 
5.00 5.00 
5.00 5.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

5.00 
0.00 0.00 

0 1.25 0.00 
2.50 0.00 

0 3.75 0.00 
5.00 5.00 

6.67 

10.00 

5.00 
5.00 5.00 

0 5.00 0.00 
5.00 

1 5.00 5.00 
0 5.00 0.00 

5.00 
1 5.00 5.00 
0 5.00 0.00 

5.00 
0.00 0.00 
1.25 0.00 
2.50 0.00 
3.75 0.00 
5.00 5.00 

5.00 
0 0.00 0.00 

1.25 0.00 
0 2.50 0.00 

3.75 0.00 
5.00 5.00 

5.00 

1.67 

0.00 

5.00 

10.00 

0.00 6.00 
0.00 0.00 0.00 0.00 
2.00 0.00 2.00 0.00 
4.00 0.00 0 4.00 0.00 
6.00 0.00 1 6.00 6.00 
8.00 0.00 0 8.00 0.00 

10.00 0.00 0 10.00 0.00 

2.50 
0.00 0.00 

0 1.25 0.00 
2.50 2.50 
3.75 0.00 

0 5.00 0.00 
5.00 

0 0.00 0.00 
1.25 0.00 
2.50 0.00 

0 3.75 0.00 
5.00 5.00 

7elements 

7.50 

29.17 
4.17 

5.00 
0 0.00 0.00 

1.25 0.00 
0 2.50 0.00 
0 3.75 0.00 

5.00 5.00 
5.00 

0 0.00 0.00 
0 1.25 0.00 

2.50 0.00 
3.75 0.00 
5.00 5.00 

7elements 

10.00 

37.67 
5.38 
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BASIC PROJECT #2 Potnts Sco" Value #10 Potnis Score Value #9 PotniS Score Value #17 Potnis . .",. Volue 

CHARACTERISTICS 

Soil gradient 8.50 10.00 8.50 5.00 

· plane [%[ 70 0.10 7.00 100 0.10 10.00 70 0.10 7.00 0.10 0.00 

slope [%] 30 0 05 1.50 0 0.05 0.00 30 0.05 1.50 100 0.05 5.00 

Construction period 5.00 5.00 0.00 5.00 

·dry season 10.00 0.00 10.00 0.00 10.00 0.00 10.00 0.00 

· dry and rain season 5.00 5.00 5.00 5.00 5.00 0.00 5.00 5.00 

· rain season 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 

Available services 7.50 7.50 10.00 10.00 

·water 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

· electricity 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

· telephone line 2.50 0.00 2.50 0.00 2.50 2.50 2.50 2.50 

infrastructure 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

TOT AL 21.00 22.50 18.50 20.00 
average 7.00 7.50 6.17 6.67 

3efements 3 elements 3 elements 3e/ements 

BASIC COMPANY #2 Poinls Score Voluo #10 Points . .,.,. varue #9 ·- ""'" v ... #17 ...... """" va._ 
CHARACTERISTICS 

Speclalisatlon 10.00 0.00 3.33 3.33 

· low-income housing 1 10.00 10.00 10.00 0.00 0 10.00 0.00 0 10.00 0.00 

· low, middle and high class 0 6.66 0.00 0 6.66 0.00 0 6.66 0.00 6.66 0.00 

housing 
·allround 3.33 0.00 3.33 0.00 3.33 3.33 3.33 3.33 

· civil engineering work 0.00 0.00 1 0.00 0.00 0.00 0.00 0.00 0.00 

Experience low-lncome 10.00 3.33 3.33 3.33 

housing 
· more than 20 projects 10.00 10.00 10.00 0.00 0 10.00 0.00 0 10.00 0.00 

· between 10 and 20 projects 6.66 0.00 6.66 0.00 0 6.66 0.00 6.66 0.00 

· less than 10 projects 3.33 0.00 3.33 3.33 3.33 3.33 3.33 3.33 

· no experience 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOT AL 20.00 3.33 6.66 6.66 
average 10.00 1.67 3.33 3.33 

2efements 2 elements 2elements 2 elements 
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BASIC PROJECT #11 Po miS Score Value #1 Points Score Value #12 Potnts Score v ... #18 Po1nts soo .. Value #5 PolniS soo .. v ... 
CHARACTERISTICS 

Soil gradient 10.00 9.00 8.50 10.00 10.00 

plane [%) 100 0.10 10.00 80 0.10 8.00 70 0.10 7.00 100 0.10 10.00 100 0.10 10.00 

· slope [%) 0.05 0.00 20 0.05 1.00 30 0.05 1.50 0 0.05 0.00 0.05 0.00 

Construction period 0.00 5.00 5.00 5.00 10.00 

·dry season 10.00 0.00 10.00 0.00 10.00 0.00 10.00 0.00 10.00 10.00 

· dry and rain season 5.00 0.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 0.00 

· rain season 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Available services 7.50 10.00 10.00 7.50 7.50 

·water 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

· electricity 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

· telephone line 2.50 0.00 2.50 2.50 2.50 2.50 2.50 0.00 2.50 0.00 

· infrastructure 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

TOT AL 17.50 24.00 23.50 22.50 27.50 
average 5.83 8.00 7.83 7.50 9.17 

J elements 3 elements 3 e/ements J elements 3elements 

BASIC COMPANY #11 Points soo .. Value #1 Points Scoré Vatue #12 Points soo .. V•tue #18 Polfits ""'" varu. #5 ..... Soono V.lue 

CHARACTERISTICS 

Specialisatlon 3.33 3.33 10.00 3.33 6.66 

· low-income housing 10.00 0.00 0 10.00 0.00 10.00 10.00 0 10.00 0.00 10.00 0.00 

· low, middle and high class 6.66 0.00 0 6.66 0.00 6.66 0.00 0 6.66 0.00 6.66 6.66 

housing 
·allround 3.33 3.33 3.33 3.33 3.33 0.00 3.33 3.33 3.33 0.00 

· civil engineering werk 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Experience low-income 3.33 10.00 3.33 3.33 3.33 

housing 
· more than 20 projects 10.00 0.00 10.00 10.00 0 10.00 0.00 10.00 0.00 10.00 0.00 

· between 1 0 and 20 projects 6.66 0.00 6.66 0.00 0 6.66 0.00 6.66 0.00 6.66 0.00 

· less than 10 projects 3.33 3.33 3.33 0.00 3.33 3.33 3.33 3.33 3.33 3.33 

· no experience 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOT AL 6.66 13.33 13.33 6.66 9.99 
average 3.33 6.67 6.67 3.33 5.00 

2e/ements 2 elements 2 efements 2elements 2elements 
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BASIC PROJECT 
CHARACTERISTICS 

Soil gradient 
· plane [%] 
· slope [%] 

Construction period 
·dry season 
· dry and rain season 
· rain season 

Available services 
·water 
· electricity 
· telephone line 
· infrastructure 

TOT AL 
average 

BASIC COMPANY 
CHARACTERISTICS 

Speclalisation 
· low-income housing 
· low, middle and high class 
housing 
·allround 
· civil engineering work 

Experience law-ineome 
houslng 
· more than 20 projects 
· between 1 0 and 20 projects 
· less than 1 0 projects 

no experience 

TOT AL 
average 
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#6 Points Score Value #15 Polllis Score Value #13 Points Score Value #8 Points Score Value #19 PDiflls Score Vatue #7 Pointa Sco:re Value 

10.00 10.00 8.50 5.00 8.50 10.00 
100 0.10 10.00 100 0.10 10.00 70 0.10 7.00 0 0.10 0.00 70 0.10 7.00 100 0.10 10.00 

0.05 0.00 0 0.05 0.00 30 0.05 1.50 100 0.05 5.00 30 0.05 1.50 0.05 0.00 

10.00 0.00 
5.00 5.00 
0.00 0.00 

2.50 2.50 
2.50 2.50 
2.50 2.50 
2.50 2.50 

3 elements 

5.00 

10.00 

25.00 
8.33 

10.00 0.00 
5.00 5.00 
0.00 0.00 

2.50 2.50 
2.50 2.50 
2.50 2.50 
2.50 2.50 

3 elements 

5.00 

10.00 

25.00 
8.33 

5.00 0.00 
10.00 0.00 0 10.00 0.00 
5.00 5.00 5.00 0.00 
0.00 0.00 0.00 0.00 

2.50 2.50 
2.50 2.50 
2.50 2.50 
2.50 2.50 

3e/ements 

10.00 

23.50 
7.83 

2.50 2.50 
2.50 2.50 
2.50 2.50 
2.50 2.50 

3 elements 

10.00 

15.00 
5.00 

10.00 10.00 
5.00 0.00 
0.00 0.00 

2.50 2.50 
2.50 2.50 

0 2.50 0.00 
1 2.50 2.50 

3 elements 

10.00 

7.50 

26.00 
8.67 

10.00 0.00 
5.00 5.00 
0.00 0.00 

2.50 2.50 
2.50 2.50 
2.50 0.00 
2.50 2.50 

3e/ements 

5.00 

7.50 

22.50 
7.50 

#6 Po111ls Score Value #15 Points Score Value #13 Poii'Q Score Valutl #8 Points Score Value #19 Point& Score ValUI #7 Points Score Valut 

0 10.00 0.00 
6.66 0.00 

1 3.33 3.33 
0 0.00 0.00 

0 10.00 0.00 
1 6.66 6.66 

3.33 0.00 
0.00 0.00 

3.33 

6.66 

9.99 
5.00 

2elements 

0 10.00 0.00 
6.66 0.00 

1 3.33 3.33 
0 0.00 0.00 

0 10.00 0.00 
0 6.66 0.00 

3.33 3.33 
0.00 0.00 

3.33 

3.33 

6.66 
3.33 

2 elements 

0 10.00 0.00 
6.66 0.00 

3.33 3.33 
0.00 0.00 

0 10.00 0.00 
0 6.66 0.00 
1 3.33 3.33 
0 0.00 0.00 

3.33 

3.33 

6.66 
3.33 

2e/ements 

10.00 0.00 
6.66 0.00 

3.33 3.33 
0.00 0.00 

0 10.00 0.00 
6.66 0.00 
3.33 3.33 
0.00 0.00 

3.33 

3.33 

6.66 
3.33 

2e/ements 

10.00 10.00 
6.66 0.00 

3.33 0.00 
0.00 0.00 

0 10.00 0.00 
6.66 6.66 
3.33 0.00 
0.00 0.00 

10.00 

6.66 

16.66 
8.33 

2elements 

10.00 10.00 
6.66 0.00 

3.33 0.00 
0.00 0.00 

1 10.00 10.00 
0 6.68 0.00 

3.33 0.00 
0 0.00 0.00 

10.00 

10.00 

20.00 
10.00 

2 elements 



MANAGEMENT CHARACT. 
COMPANY 

#2 Points Score Value #10 Points Swre Value #9 Po~nts Score Value #17 Polnis Score Value 

Employment selection 
project managers 
·interview 
· standard testiapplication 
farm 
· practise testing on the job 
· review schootlstudy 
certificates 
· persennel recommendations 
· no methad at alt 
foremen 
·interview 
· standerd testiapplication 
farm 
· practise testing on !he job 
· review schootlstudy 
certificates 
· persennel recommendations 
· no methad at alt 
skilied labourers 
·interview 
· standard testlapplication 
farm 
· practise testing on the job 
· review schootlstudy 
certificates 
· persennel recommendations 
· no methad at alt 
unskilled labourers 
·interview 
· standerd testlapplication 
farm 
· practise testing on !he job 
· review schoollstudy 
certificates 
· persennel recommendations 
· no methad at alt 
Training facilities 
on thejob 
· project managers 
· foramen 
· skilied labourers 
· unskilted labourers 
else during work time 
· project managers 
· foramen 
skilied labourers 

· unskilted labourers 
else in free-time campensaled 
· project managers 
· foramen 
· skilied labourers 
· unskilted labourers 
else in tree time nol 
campensaled 
· project managers 
· foramen 

5.00 
5.00 0.00 
5.00 5.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 2.50 

2.50 0.00 
0.00 0.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

8.00 
2.00 2.00 
2.00 2.00 
2.00 2.00 
2.00 2.00 

0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 

· skilied labourers o 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 · unskilted labourers o 

Up-down directing 
during meetings 
·never 
· once every tour waaks 
· once every three weeks 
· once every two weeks 
· once a week ar less 
reports 
·never 
· once every four weeks 
· once every three weeks 
· once every two weeks 
· once a week or less 

0.00 
0.00 0.00 

0 2.50 0.00 
0 5.00 0.00 

7.50 0.00 
10.00 0.00 

10.00 
0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 

3.13 

4.00 

5.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

5.00 

12.50 
5.00 5.00 
5.00 0.00 

2.50 2.50 
2.50 2.50 

2.50 2.50 
0.00 0.00 

12.50 
5.00 5.00 
5.00 0.00 

2.50 2.50 
2.50 2.50 

2.50 2.50 
0.00 0.00 

7.50 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 2.50 

2.50 2.50 
0.00 0.00 

7.50 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 2.50 

10.00 

17.50 
5.00 5.00 
5.00 5.00 

2.50 2.50 
2.50 2.50 

2.50 2.50 
0.00 0.00 

15.00 
5.00 5.00 
5.00 5.00 

2.50 2.50 
0 2.50 0.00 

2.50 2.50 
0.00 0.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

0.00 
5.00 0.00 

0 5.00 0.00 

0 2.50 0.00 
2.50 0.00 

2.50 2.50 2.50 2.50 0 2.50 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 

9.38 

0.00 6.00 9.00 
000 ~00 ~00 

2.00 0.00 2.00 2.00 2.00 2.00 
2.00 0.00 2.00 2.00 2.00 2.00 
2.00 0.00 2.00 2.00 2.00 2.00 
2.00 0.00 2.00 0.00 2.00 2.00 

ooo ~00 800 

2.00 0.00 2.00 2.00 2.00 2.00 
2.00 0.00 2.00 2.00 2.00 2.00 
2.00 0.00 2.00 2.00 2.00 2.00 
2.00 0.00 0 2.00 0.00 2.00 2.00 

000 000 ~00 

1.00 0.00 0 1.00 0.00 1.00 1.00 
1.00 0.00 1.00 0.00 1.00 0.00 
1.00 0.00 1.00 0.00 1.00 0.00 
1.00 0.00 1.00 0.00 1.00 0.00 

000 000 ~00 

1.00 0.00 1.00 0.00 1.00 1.00 
1.00 0.00 1.00 0.00 1.00 0.00 
1.00 0.00 1.00 0.00 1.00 0.00 
1.00 0.00 1.00 0.00 1.00 0.00 

10.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 
2.50 

0.00 0.00 
2.50 2.50 
5.00 0.00 
7.50 0.00 

10.00 0.00 

6.25 
7.50 

0.00 0.00 
0 2.50 0.00 
0 5.00 0.00 

7.50 7.50 
10.00 0.00 

2.50 
0.00 0.00 
2.50 2.50 
5.00 0.00 
7.50 0.00 

10.00 0.00 

5.00 
10.00 

0.00 0.00 
0 2.50 0.00 
0 5.00 0.00 

7.50 0.00 
10.00 10.00 

10.00 
0 0.00 0.00 
0 2.50 0.00 
0 5.00 0.00 
0 7.50 0.00 

10.00 10.00 

10.00 
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#2 Polflts ""'~ v ... #10 Points Score Value #9 Polnis score V•tue #17 Potnts ""'"' va'"' 

Co-operation 0.51 1.02 5.37 5.39 

informal contact 0.00 1.53 3.44 0.77 

· cámera costarricense de 0.38 0.00 0.38 0.38 0.38 0.38 0.38 0.00 

construcción 
· trade association 0.38 0.00 0.38 0.00 0.38 0.38 0.38 0.00 

· chamber of commerce 0.38 0.00 0.38 0.00 0.38 0.38 0.38 0.00 

· employer's organisation 0.38 0.00 0.38 0.00 0.38 0.00 0.38 0.00 

· management association 0.38 0.00 0.38 0.00 0.38 0.00 0.38 0.00 

· government bureau 0.38 0.00 0.38 0.38 0.38 0.38 0 0.38 0.00 

· educatienel association 0.38 0.00 0.38 0.00 0.38 0.38 0 0.38 0.00 

· research association 0.77 0.00 0.77 0.00 0.77 0.77 0 0.77 0.00 

· univarsity or higher 0.77 0.00 0.77 0.00 0.77 0.00 0.77 0.00 

educational institutes 
· technica! bureau 0.77 0.00 0.77 0.77 0.77 0.77 0.77 0.77 

member, forma/ contact 0.77 0.00 4.62 4.62 

· cámera costarricense de 0.77 0.77 0.77 0.00 0.77 0.00 0.77 0.77 

construcción 
· trade association 0.77 0.00 0.77 0.00 0.77 0.77 0.77 0.00 

· chamber of commerce 0.77 0.00 0.77 0.00 0.77 0.00 0.77 0.00 

· employe~s organisation 0 0.77 0.00 0.77 0.00 0.77 0.00 0 0.77 0.00 

· management association 0 0.77 0.00 0.77 0.00 0.77 0.77 0 0.77 0.00 

· government bureau 0.77 0.00 0.77 0.00 0.77 0.00 1 0.77 0.77 

educational association 0.77 0.00 0.77 0.00 0.77 0.00 0 0.77 0.00 

· research association 1.54 0.00 1.54 0.00 1.54 0.00 0 1.54 0.00 

· univarsity or higher 1.54 0.00 1.54 0.00 1.54 1.54 1.54 1.54 

educational institutes 
· technica! bureau 1.54 0.00 1.54 0.00 1.54 1.54 1.54 1.54 

R&D actlvities 3.33 3.33 0.00 6.60 

·none 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

·at random 3.33 3.33 3.33 6.66 3.33 0.00 0 3.33 0.00 

·part-time 6.60 0.00 6.60 0.00 6.60 0.00 2 6.60 13.20 

·full-time 10.00 0.00 10.00 0.00 10.00 0.00 10.00 0.00 

TOT AL 15.97 15.60 26.37 40.37 

average 3.19 3.12 5.27 8.07 

S elements Setements Selements 5 elements 
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MANAGEMENT CHARACT. #11 Pomls Score Value #1 PolniS Score Value #12 P01nts Score Value #18 Points Score Value #5 Points Score ValUit 

COMPANY 

Employment selection 
project managers 
·interview 
· standard test/application 
farm 
· practise testing on the job 
· review schooVstudy 
certificates 
· persennel recommendations 
· na methad at alt 
foramen 
·interview 
· standard test/application 
farm 
· practise testing on the job 
· review schooVstudy 
certificates 
· personnet recommendations 
· no methad at all 
skilied labourers 
·interview 
· standard test/application 
farm 
· practise testing on the job 
· review schooVstudy 
certificates 
· persennel recommendations 
· no methad at alt 
unskilled labourers 
·interview 
· standard test/apptication 
farm 
· practise testing on !he job 
· review schooVstudy 
certificates 
· personnet recommendations 
· no methad at alt 
Training facilities 
on thejob 
· project managers 
· foramen 
· skilied labourers 

unskilled labourers 
else during work time 
· project managers 
· foramen 
· skilied labourers 
· unskilted labourers 
else in tree-time campensaled 
· project managers 
· foramen 
· skilied labourers 
· unskilled labourers 
e/se in free time nat 
campensaled 
· project managers 
· foramen 
· skilied labourers 
· unskilled labourers 

Up-down directing 
during meetings 
·never 
· once every four weeks 
· once every three weeks 
· once every !wo weeks 
· once a week or tess 
reports 
·never 
· once every four weeks 
· once every three weeks 
· once every two weeks 
· once a week or less 

10.00 
5.00 5.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

10.00 
5.00 5.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

10.00 
5.00 5.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

10.00 
5.00 5.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

8.00 
2.00 2.00 
2.00 2.00 
2.00 2.00 
2.00 2.00 

0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

10.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 
0.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 0.00 

10.00 

4.00 

5.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 0.00 
0.00 0.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 0.00 
0.00 0.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 0.00 
0.00 0.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 o.oo. 
0.00 0.00 

8.00 
2.00 2.00 
2.00 2.00 
2.00 2.00 

2.00 2.00 
0.00 

2.00 0.00 
2.00 0.00 
2.00 0.00 

2.00 0.00 
0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

10.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 
0.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 0.00 

2.50 

4.00 

5.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 2.50 

2.50 2.50 
0.00 0.00 

7.50 
5.00 5.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 0.00 
0.00 0.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 2.50 
0.00 0.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 2.50 
0.00 0.00 

4.00 

2.00 0.00 
2.00 0.00 
2.00 2.00 
2.00 2.00 

2.00 

2.00 2.00 
2.00 0.00 
2 00 0.00 
2.00 0.00 

0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

10.00 
0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 
10.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 

4.38 

3.00 

10.00 

5.00 
5.00 

2.50 
2.50 

2.50 
0.00 

5.00 
5.00 

2.50 
2.50 

2.50 
0.00 

5.00 
5.00 

2.50 
2.50 

2.50 
0.00 

5.00 
5.00 

2.50 
2.50 

2.50 
0.00 

0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 

2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 
0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 0.00 
0.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 0.00 

0.00 

0.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 2.50 

2.50 0.00 
0.00 0.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 

2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

10.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 
10.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 

4.38 

0.00 

10.00 
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#11 Polnis sco .. Volue #1 Polllts Score Value #12 Pornis Score Value #18 Poinls •=· Voluo #5 ..... -· VaiUo 

Co-operation 0.00 3.85 1.79 1.54 0.51 

informal contact 0.00 1.15 1.91 0.00 0.00 

· cámera costarricense de 0.38 0.38 0.38 0.38 0.00 0.38 0.00 0.38 0.00 

construcción 
· trade association 0.38 0.38 0.00 0.38 0.38 0.38 0.00 0.38 0.00 

· chamber of commerce 0.38 0.38 0.00 0.38 0.00 0.38 0.00 0.38 0.00 

· employer's organisation 0 0.38 0.38 0.00 0.38 0.00 0.38 0.00 0.38 0.00 

management association 0.38 0.38 0.00 0.38 0.38 0.38 0.00 0.38 0.00 

government bureau 0.38 0.38 0.00 0.38 0.38 0.38 0.00 0.38 0.00 

· educational association 0.38 0.38 0.00 0.38 0.00 0.38 0.00 ·0 0.38 0.00 

·research association 0.77 0.77 0.77 0.77 0.77 0.77 0.00 0 0.77 0.00 

· univarsity or higher 0.77 0.77 0.00 0.77 0.00 0.77 0.00 0.77 0.00 

educational institutes 
· technica! bureau 0.77 0.77 0.00 0.77 0.00 0.77 0.00 0.77 0.00 

member, forma/ contact 4.62 0.71 2.31 0.77 

· cámera costarricense de 0.77 0 0.71 0.00 0.77 0.77 0.71 0.00 0.77 0.77 

construcción 
· trade association 0 0.77 0.77 0.77 0.77 0.00 0.77 0.77 0.77 0.00 

· chamber of commerce 0 0.77 1 0.77 0.77 0.77 0.00 0.71 0.77 0.77 0.00 

· employer's organisation 0 0.77 0 0.77 0.00 0.71 0.00 0.77 0.00 0.77 0.00 

·management association 0 0.77 0 0,77 0.00 0.77 0.00 0.71 0.00 0.77 0.00 

· govemment bureau 0.77 0.71 0.00 0.77 0.00 0.77 0.77 0.77 0.00 

· educational association 0.77 0.77 0.00 0.77 0.00 0.77 0.00 0.77 0.00 

· research association 1.54 1.54 0.00 1.54 0.00 1.54 0.00 1.54 0.00 

· univarsity or higher 1.54 1.54 1.54 1.54 0.00 1.54 0.00 1.54 0.00 

educational institutes 
· technica! bureau 1.54 1.54 1.54 1.54 0.00 1.54 0.00 1.54 0.00 

R&D activities 0.00 10.00 0.00 0.00 3.33 

·none 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

·at random 0 3.33 0.00 0 3.33 0.00 3.33 0.00 3.33 0.00 3.33 3.33 

·part-time 0 6.60 0.00 0 6.60 0.00 6.60 0.00 6.60 0.00 6.60 0.00 

·full-time 0 10.00 0.00 10.00 20.00 10.00 0.00 0 10.00 0.00 10.00 0.00 

TOT AL 19.00 25.35 19.16 1.54 18.22 
average 3.80 5.07 3.83 0.39 3.6-4 

Selements Selements Selements 4 elements Selements 
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MANAGEMENT CHARACT. 
COMPANY 

Employment selection 
project managers 
·interview 
· standard tesVapplication 
farm 
· practise testing on the job 
· review schooVstudy 
certificates 
· persennel recommendations 
· na methad at all 
foremen 
·interview 
· standard tesVapplication 
farm 
· practise testing on !he job 
· review school/study 
certificates 
· persennel recommendations 
· na methad at all 
skilied labourers 
·interview 
· standard tesVapplication 
farm 
· practise testing on the job 
· review school/study 
certificates 
· personnet reccmmendations 
· na methad at all 
unskilled labourers 
·interview 
· standard tesVapptication 
farm 
· practise testing on the job 
· review schooVstudy 
certificates 
· personnet reccmmendations 
· na methad at all 
Training facilities 
onthejob 

project managers 
· foramen 
· skilied labourers 
· unskilled labourers 
etse during work time 
· project managers 
· foramen 
· skilied labourers 
· unskilled labourers 
e/se in tree-time ccmpensated 
· project managers 
· foremen 
· skilied labourers 
· unskilled labourers 
e/se in tree time not 
campensaled 
· project managers 
· foramen 
· skilied labourers 
· unskilled labourers 

Up-down directing 
during meetings 
·never 
· once every four weeks 
· once every three weeks 
· once every two weeks 
· once a week or less 
reports 
·never 
· once every four weeks 
· once every three weeks 
· once every two weeks 
· once a week or less 

#6 Pomls Score Value #15 Points Score Value #13 Points Score Value #8 Po1nts Score Value #19 Pomls Score Vatue #7 Points Score Value 

10.00 
5.00 5.00 
5.00 0.00 

2.50 0.00 
2.50 2.50 

2.50 2.50 
0.00 0.00 

10.00 
5.00 5.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 0.00 
0.00 0.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 

2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 

2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

1.00 

1.00 0.00 
1.00 1.00 
1.00 0.00 

1.00 0.00 

10.00 
0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 
10.00 

0.00 0.00 
0 2.50 0.00 
0 5.00 0.00 

7.50 0.00 
10.00 10.00 

6.25 

0.50 

10.00 

12.50 
5.00 5.00 
5.00 5.00 

2.50 0.00 
2.50 2.50 

2.50 0.00 
0.00 0.00 

12.50 
5.00 5.00 

5.00 5.00 

2.50 0.00 
2.50 0.00 

2.50 2.50 
0.00 0.00 

5.00 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 2.50 
0.00 0.00 

2.50 
5.00 0.00 
5.00 0.00 

2.50 2.50 
2.50 0.00 

2.50 0.00 
0.00 0.00 

4.00 
2.00 0.00 
2.00 2.00 
2.00 2.00 
2.00 0.00 

2.00 
2.00 2.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

2.00 
1.00 1.00 
1.00 1.00 
1.00 0.00 
1.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

8.13 

4.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 

2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 

2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 

2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 

0.00 

5.00 0.00 
7.50 0.00 

0.00 0.00 0.00 0.00 
2.50 0.00 2.50 0.00 
5.00 0.00 5.00 0.00 
7.50 7.50 7.50 0.00 

10.00 0.00 10.00 0.00 
2.50 0.00 

0.00 0.00 0.00 0.00 
2.50 2.50 0 2.50 0.00 
5.00 0.00 0 5.00 0.00 
7.50 0.00 7.50 0.00 

10.00 0.00 10.00 0.00 

10.00 
5.00 0.00 
5.00 5.00 

2.50 0.00 
2.50 2.50 

2.50 2.50 
0.00 0.00 

10.00 
5.00 0.00 
5.00 5.00 

2.50 0.00 
2.50 2.50 

2.50 2.50 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 

2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 

2.00 0.00 
2.00 0.00 
2.00 0.00 
2.00 0.00 

0.00 
1.00 0.00 
1.00 0.00 

1.00 0.00 
1.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

10.00 
0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 
0.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 0.00 

5.00 

0.00 

5.00 

10.00 
5.00 5.00 
5.00 0.00 

2.50 0.00 
2.50 2.50 

2.50 2.50 
0.00 0.00 

10.00 
5.00 5.00 
5.00 0.00 

2.50 0.00 
2.50 2.50 

2.50 2.50 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

5.00 
0.00 

5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 

2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 
5.00 0.00 
5.00 0.00 

2.50 0.00 
2.50 0.00 

2.50 0.00 
0.00 0.00 

0.00 

0.00 1.00 
0.00 2.00 

2.00 0.00 2.00 0.00 
2.00 0.00 2.00 0.00 
2.00 0.00 2.00 2.00 
2.00 0.00 0 2.00 0.00 

0.00 0.00 

2.00 0.00 2.00 0.00 
2.00 0.00 2.00 0.00 
2.00 0.00 2.00 0.00 
2.00 0.00 2.00 0.00 

0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

10.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 
2.50 

0.00 0.00 
2.50 2.50 
5.00 0.00 
7.50 0.00 

10.00 0.00 

6.25 

0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

0.00 

1.00 0.00 
1.00 0.00 
1.00 0.00 
1.00 0.00 

10.00 
0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 10.00 
0.00 

0.00 0.00 
2.50 0.00 
5.00 0.00 
7.50 0.00 

10.00 0.00 

5.00 
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Co-operation 
informa/ contact 
· cámera costarricense de 
construcción 
· trade association 
· chamber of commerce 
· employer's organisation 

management association 
government bureau 

· educational association 
· research association 
· univarsity or higher 
educational institutes 
· technica! bureau 
member, forma/ contact 
· cámera costarricense de 
construcción 
· trade association 
· chamber of commerce 
· employe(s organisation 
· management association 
· govemment bureau 
· educational association 
· research association 
· univarsity or higher 
educational institutes 
· technica! bureau 

R&D activities 
·none 
·at random 
·part-time 
·full-time 

TOT AL 
average 
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#6 Po1nts Score Value #15 Pomls Score Value #13 Pomts Score Vah.Je #8 Pomts Score Value #19 Points Score Value #7 Points Score Value 

0.00 
0.38 0.00 

0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.77 0.00 
0.77 0.00 

0.77 0.00 
1.54 

0.77 0.77 

0.77 0.00 
0 0.77 0.00 
0 0.77 0.00 

0.77 0.00 
0.77 0.77 
0.77 0.00 
1.54 0.00 
1.54 0.00 

1.54 0.00 

0.00 0.00 
3.33 0.00 
6.60 0.00 

10.00 0.00 

S elements 

1.03 

0.00 

17.78 
3.56 

1.92 

0.38 0.00 

0.38 0.00 
0.38 0.00 
0.38 0.38 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.77 0.77 
0.77 0.77 

0.77 0.00 
2.31 

0.77 0.77 

0.77 0.77 
0.77 0.77 
0.77 0.00 
0.77 0.00 
0.77 0.00 
0.77 0.00 
1.54 0.00 
1.54 0.00 

1.54 0.00 

0.00 0.00 
3.33 0.00 
6.60 0.00 

10.00 0.00 

S e/ements 

4.23 

0.00 

21.36 
4.27 

0.00 
0.38 0.00 

0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.77 0.00 
0.77 0.00 

0.77 0.00 
0.00 

0.77 0.00 

0.77 0.00 
0.77 0.00 
0.77 0.00 

0.77 0.00 
0.77 0.00 
0.77 0.00 
1.54 0.00 
1.54 0.00 

1.54 0.00 

0.00 0.00 
3.33 0.00 
6.60 0.00 

10.00 0.00 

S elements 

0.00 

0.00 

0.00 
0.00 

0.77 
0.38 0.00 

0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0 00 
0.77 0.00 
0.77 0.77 

0.77 0.00 
8.47 

0.77 0.77 

0.77 0.77 
0.77 0.77 
0.77 0.77 
0.77 0.77 
0.77 0.77 
0.77 0.77 
1.54 1.54 
1.54 0.00 

1.54 1.54 

0.00 0.00 
3.33 0.00 
6.80 6.60 

10.00 0.00 

5 elements 

6.16 

6.80 

22.76 
4.55 

0.76 
0.38 0.00 

0.38 0.38 
0.38 0.00 
0.38 0.00 
0.38 0.38 
0.38 0.00 
0.38 0.00 
0.77 0.00 
0.77 0.00 

0.77 0.00 
3.85 

0.77 0.00 

0 0.77 0.00 
0 0.77 0.00 

0.77 0.00 
0.77 0.00 
0.77 0.77 

0 0.77 0.00 
0 1.54 0.00 

1.54 1.54 

1.54 1.54 

0.00 0.00 
3.33 0.00 
6.80 19.80 

10.00 10.00 

Selements 

3.07 

7.45 

21.77 
4.35 

0.00 
0.38 0.00 

0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.38 0.00 
0.77 0.00 
o:77 o.oo 

0.77 0.00 
0.00 

0.77 0.00 

0.77 0.00 
0 0.77 0.00 
0 0.77 0.00 
0 0.77 0.00 
0 0.77 0.00 
0 0.77 0.00 

1.54 0.00 
1.54 0.00 

1.54 0.00 

0 0.00 0.00 
3.33 3.33 
6.60 0.00 

10.00 0.00 

5elements 

0.00 

3.33 

9.33 
1.87 



7 Appendix Technology content analysis 
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