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Executive summary 
Costa Rica is suffering a decline in the construction industry, which leadstoa shortage 
of houses. lt can be possible by decreasing the costs of the construction projects that 
there can be build more; more for less money. Improving the productivity of the Costa 
Rican construction projects is one of the most viabie alternatives to reduce the costs. 
Before improving the productivity, a methodology to measure the productivity has to be 
developed. 

This research is divided into two major parts. The first part is the search to the 
methodology for measuring the productivity in the Costa Rican low-income housing 
projects. The second part is about the results of the application of the methodology, 
found in the first part. 

Part 1, the methodology of productivity measurement in the Costa Rican law-ineome 
housing projects: 

The methodology used in this research is a combination of methodologies of productivity 
measurements used by industrial and construction engineers. The used methodologies 
are coming from all over the world and especially from Costa Rica. 

The building of a low-income house is described in the way as an industrial engineer 
does; as a production process. The process has a transformation process of the inputs to 
the output. The output will be a low-income house and the major inputs are Iabour, 
material and equipment. The output is measured in the standard already used in Costa 
Rica; the square metres of floor area. The inputs are measured in the monetary value of 
Costa Rica; the colon (t). 

The productivity of a construction project is the ratio of the value of the output within 
the available construction period, divided to the costs of all the inputs used in the same 
period. By oomparing the productivity of different projects in time, the total co st of the 
project has to be multiplied with the inflation-rate over these years. The basis of the 
calculation can be found in equation (5-4): 

Rt 1 -1 
TP =-=--=C 2 

ptc C Tm 
T Tm 2 

Where: TPP1 = total productivity per low-income housing project per year 

~ = total square metres of floor area per project 
= total cost per project in year t 
= total cost of the project per square metre in year t 

Summary 1 



Executive summary 

The low-income housing projects of Costa Rica are divided into four groups. the 
distinction is made between types of houses (concrete blocks and prefabricated materials) 
and whether a house is build on its own or as a part of a larger project. 

Productivity improvements in the Costa Rican low-income housing can be achieved by 
influencing the inputs and the production process. F or improving the efficiency one has 
to have insight in the precise circumstances under wich the inputs took place. The inputs, 
output and the production process is part of the Costa Rican external environment. 
Those factors are called 'influencal factors'. The assessment of these influencal factors 
are a part of the productivity measurement system. 

Part 2, the results of the application of the methodology 

The institutional aspects of Co sta Rica, developing countries and the Netherlands have 
proved that Costa Rica is a developing country, what includes all the differencies of 
doing a research in a developing country or in a western country. 

The minimum floor area of a Costa Rican low-income house has to be 36 m2
, what 

comes from the 7.65 m2 per person multiplied by the average of 4.7 persons per house. 
The maximum floor area of a low-income house in Costa Rica is stated by the 
government on 60 m2

; 7. 8 persons per house. 

Due to the different ways of measuring the construction costs in Costa Rica and in this 
research, the costs of the different inputs are not always equal with each other. In some 
cases the costs oflabour are added to the material costs and the costs on equipment are 
added to the miscellaneous costs. For getting the total cost, the most important value for 
the calculation, this is not so important, but for predicting the future productivity an 
uniformity in the measurement of the productivity is necessary. 

Twenty-three low-income housing projects, from 1992 to 1994, are used for calculating 
an indication of the standard productivity in the Costa Rican low-income housing 
projects. The standard productivity coming from those calculations are: 

- housing projects with concrete blocks = 0.055 m2
/ 1,000ft; 

- housing projects with pre-fabricated matenals = 0.063 m2
/ 1,000ft. 

The productivity-numbers are clear: projects of low-income houses build with pre
fabricated materials have the highest productivity. By using the equation it can be 
concluded that the low-income houses build with prefabricated matenals are the most 
cheapest. 

The productivity ofthe projectsin 1996 are almost the same as the standard productivity. 
From 1994 until 1996, there has been no improvements in the construction process of 
the Costa Rican low-income housing project. The construction process in 1996 has even 
a lower performance rate compared to the standard of 1992 - 1994. 

Summary 2 



Executive summary 

By just knowing the Iabour costs, the cost of the matenals and the inflation rate over the 
years, it is possible to calculate (predict) the productivity of a project. Due to ha ving 
hardly no-cost control system in the Costa Rican construction sector, the above 
mentioned costs are the most accessible values ofthe financial project documentation. 
The equations found in this research are: 

Concrete blocks: 
Productivity=O.l0-(2.81 * 10-6[(C1+Cr)*(l-M

1
)]) 

Pre-fabncated matenals: 
Productivity=O.II-(3.45 * 10-6[(C1+Cr)*(l-LH

1
)]) 

Where: c; = Iabour cost per project in year t 
Cr = cost of materials per project in year t 
..:1~ = overall intlation rate from 1992 until year t 

To improve the productivity one has to know, by what the productivity is influenced. 
Those factors are from the external environment, the so-called influencal factors. Bleven 
productivity factors are found that have a high chance of influencing the productivity. 
Those factors should he the basis for the first impravement of the productivity. The 
problems found in the eleven factors are divided into two main groups: education and 
information. The institutes that can solve this kind of problems are divided into three 
groups: Costa Rican government, company management ( contractors) and the branche 
institutes. 

The eleven influencal factors are: 
- Bureaucracy (information problem, govermnent solution); 

- Selection ofland (education problem, govermnent and company management solution); 

- Unavailability of infrastructure (education problem, govemement solution); 

- Low income level (information problem, govermnent solution); 

- Vague increase of cost (information problem, govermnent and brache-institutes solution); 

- High cost of building matenals (information problem, govermnent and brache-institutes solution); 

- Delays result from no matenals (information problem, company management solution); 

- Lack of information on new techniques (information problem, brache-institutes solution); 

- Limited technology innovations (education problem, all-institutes solution); 

- Wrong tools are used (education problem, govermnent and company management solution); 

- Wear and tear of the equipment ( education problem, company management solution). 

Summary 3 



Summary in other langoages 
NL Samenvatting ( summary in Dutch) 

De Costaricaanse bouwnijverheid lijdt onder de economische crisis van Costa Rica, wat 
tot gevolgd heeft een tekort aan huizen. Het verlagen van de bouwkosten kan meer 
bouwwerken tot gevolg hebben; meer voor minder geld. Verbetering van de 
produktiviteit van bouwprojecten is één van de beste alternatieven in Costa Rica om 
kosten te reduceren. Voordat men de produktiviteit kan gaan verbeteren moet men eerst 
een methodologie van het meten van de produktiviteit ontwikkelen. 

Het onderzoek is verdeeld in twee belangrijke delen. Het eerste gedeelte gaat over de 
zoektocht naar de methodiek om de produktiviteit te meten. Het tweede gedeelte gaat 
over de resultaten van de in het eerste gedeelte gevonden methodiek. 

Deel 1. de methodologie van het meten van de produktiviteit in de Costaricaanse sociale 
woningbouwprojecten: 

De methodologie, gebruikt in dit onderzoek, is een combinatie van produktiviteit 
methodieken binnen de technische bedrijfskunde en bouwkunde over de gehele wereld. 

Het bouwen van een woning voor de lage-inkomens groep wordt beschreven op de 
manier zoals een bedrijfskundig ingenieur dat doet; als een produktie proces. Het proces 
is een transformatie proces van offers naar resultaat. Het resultaat is een woning en de 
offers bestaan uit arbeid, materiaal en materieel. Het resultaat wordt gemeten in vierkante 
meters vloeroppervlakte. De offers worden gemeten in de monetaire eenheid van Costa 
Rica: de colon (t). 

De produktiviteit van de bouwprojecten is een ratio bestaande uit de waarde van het 
resultaat gedeeld door de kosten van de offers binnen een bepaalde bouwperiode. Bij het 
vergelijken van verschillende projecten over een tijdspanne moeten de totale kosten van 
de projecten dienen te worden vermenigvuldigd met de inflatie-waarde. De basis van 
deze berekening kan worden gevonden in formule (5-4): 

Rt 1 ~I 
TPpt=-C =-C =Crmz 

T Tm 2 

Waar: TPP1 =totale produktiviteit per sociale woningbouw project in jaar t 
~ = totale vierkante meters vloeroppervlakte per project 
CT =totale kosten per project in jaar t 
CTmz =totale kosten per project per vierkante meter in jaar t 

Summary 4 



Summary in other languages 

De sociale woningbouwprojecten worden in vier groepen verdeeld. De verdeling is 
gemaakt tussen het type woningen (cement blokken en geprefabriceerde materialen) en 
het zelfstandig bouwen van een huis of als onderdeel van een project. 

Verbetering van de produktiviteit in de Costaricaanse sociale woningbouw kan worden 
bereikt door de offers te beïnvloeden. Voor de verbetering van de efficiëntie moet men 
inzicht hebben in de omstandigheden waarin de offers zich bevinden. De offers, het 
resultaat en het produktie proces zijn een onderdeel van de Costaricaanse externe 
omgeving; de beïnvloedings factoren. Deze factoren dienen een onderdeel te zijn van het 
systeem om produktiviteit te meten. 

Deel 2. de resultaten van de uitvoering van de methodologie: 

Na het vergelijken van de institutionele aspecten van Costa Rica, ontwikkelingslanden 
en Nederland is het bewezen dat Costa Rica een ontwikkelingsland is met alle facetten 
binnen zo'n ontwikkelingsland. De minimale vloeroppervlakte van de Costaricaanse 
sociale woningbouw is 36m2 en de maximale vloeroppervlakte is 60m2

. 

Drieëntwintig sociale woningbouwprojecten in de periode 1992 en 1994 zijn gebruikt 
voor de berekening van een indicatie voor de standaard produktiviteit: 

-projecten met cement blokken = 0.055 m2
/ 1,000't; 

-projecten met geprefabriceerde materialen = 0.063 m2
/ 1,000rt. 

Het mag duidelijk zijn dat de projecten met geprefabriceerde materialen de hoogste 
produktiviteit hebben. Bij gebruik van de formule blijkt dit ook de goedkoopste te zijn. 

De produktiviteit van de projecten in 1996 zijn bijna hetzelfde als de standaard 
produktiviteit. Tussen 1994 en 1996 hebben er geen verbeteringen plaatsgevonden. Het 
bouwproces in 1996 heeft zelfs een slechtere prestatie dan de standaard van 1992 - 1994. 

Door het weten van de loonkosten, materiaalkosten en de inflatie is het mogelijk om de 
produktiviteit te berekenen (voorspellen). Door het missen van een kosten-controle 
systeem binnen de woningbouw zijn de bovengenoemde kosten-posten het gemakkelijkst 
terug te vinden. De gevonden formules zijn: 

Cement blokken: 
Produktiviteit=0.10-(2.81 * 10~6[(C1 +C)*(1-Mt)]) 

Geprefabriceerde materialen: 
Produktiviteit=0.11-(3.45 * 10~6[(C1 +C)*(l-M1)]) 

Als: c; =arbeid kosten per project in jaar t 
C, =materiaal kosten per project in jaar t 
al, =overall inflatie van 1992 totjaar t 

Summary 5 



Summary in other languages 

Er zijn elf beïnvloedings factoren die een kans hebben om de produktiviteit te 
bernvloeden gevonden. Deze factoren dienen de basis te zijn voor het verbeteren van de 
produktiviteit. De problemen kunnen worden ingedeeld in twee groepen: educatie en 
informatie. De instituten die deze problemen kunnen oplossen zijn: de Costaricaanse 
overheid, bedrijfsvoering (aannemers) and de branche-instituten. 

De elf beïnvloedings factoren zijn: 
- Bureaucratie (informatie probleem, overheid oplossing); 

-Bouwgrond selectie (educatie probleem, overheid en bedrijfsvoering oplossing); 

- Afwezigheid van de infrastructuur (educatie probleem, overheid oplossing); 

- Laag inkomens niveau (informatie probleem, overheid oplossing); 

- Vage stijging van kosten (educatie probleem, overheid en bedrijfsvoering oplossing); 

- Hoge bouwmateriaal prijzen (informatie probleem, overheid en bedrijfsvoering oplossing); 

- Vertraging door materiaal tekort (informatie probleem, bedrijfsvoering oplossing); 

- Geen informatie over nieuwe technieken (informatie probleem, branche-instituten oplossing); 

- Gelimiteerde technologische innovaties (educatie probleem, alle instituten oplossing); 

- Gebruik van verkeerde gereedschappen (educatie probleem, overheid en bedrijfsvoering 

oplossing); 

-Onderhoud van het materieel (educatie probleem, bedrijfsvoering oplossing); 

ESP Resumen ( summary in spanish) 

La industria de la construcción en Costa Rica está sufriendo un decrecimiento, lo que 
conlleva a un déficit de viviendas. Para construir más, los constructores deben disminuir 
los costos de los proyectos de construcción; obtener más por menos dinero. El 
mejoramiento de la productividad de los proyectos es una de las altemativas más viabie 
para reducir los costos. Sin embargo, antes de mejorar la productividad es neeesario 
desarroHar una metodologia para medir la productividad. 

Esta investigación está dividida en dos partes principales. La primera parte es la 
busqueda de la metodologia para medir la productividad de los proyectos de 
construcción de vivienda interés social en Costa Rica. La segunda parte es sobre los 
resultados de la ejecución de la metodologia, encontrada en la primera parte. 

Parte 1. la metodologia para medir de la productividad de los proveetos construcción 
de vivienda interés socialen Costa Rica: 

La metodologia utilizado en esta investigación es una combinación de las metodologias 
para medir de la productividad utilizadas por ingenieros industriales y de construcción. 
Las metodologîas provienen de todo el mundo, pero especialmente de Costa Rica. 
La construcción de viviendas de interés social se describe de la misma manera como lo 
hace un ingeniero industrial; como un proceso de producción. Se aplica un proceso de 
transformación a los insumos para obtener el producto. 
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Summary in other languages 

El producto es una vivienda de interés social y los insumos más importantes son la mano 
de obra, materiales y equipo. La producción se mide segitn las normas que se utilizan en 
Costa Rica; el metro cuadrado de superficie de construcción. Los insumos son medidos 
en la denominación manetaria de Costa Rica; el colón (ct). 

La productividad de un proyecto de construcción es la relación entre del valor de la 
producción, dentro de un periodo disponible de construcción, y el costo de todos los 
insumos usados en el mismo periodo. Comparando la productividad de proyectos 
diferentes en el tiempo, la tasa de inflación de estos afios tiene que multiplicarse por los 
costos de todo el proyecto. La base del cálculo puede encontrarse en la fórmula (5-4): 

Rt 1 .., -1 
TP =-=--=C 2 

pt CT CTm2 Tm 

Donde: TPP1 = productividad anual total por proyecto de vivienda interés social 
~ = metros cuadrados de superficie por proyecto 
CT = costo total por proyecto en aiio t 
CTm2 = costo total de metro cuadrado por proyecto en aiio t 

Los proyectos de vivienda de interés social de Costa Rica se dividen en dos grupos 
principales: proyectos que usan mampasteria y proyectos que utilizan materiales 
prefabricadas. También, se puede establecer una diferencia entre los proyectos de una 
vivienda y proyectos de construcción dos viviendas o más. 

La mejorara en la productividad de la construcción de viviendas de interés social en 
Costa Rica puede lograrse modificando los insumos y el proceso de producción. Para 
mejorar la eficiencia se tienen que determinar las circunstancias exactas bajo las cuales 
se tomaron los insumos. Los insumos, productos y el proceso de construcción son parte 
del ambiente extemo costarricense. Diehos factores son llamados "factores influyentes". 
La determinación de esos factores es parte del sistema para medir la productividad. 

Parte 2. resultadas de la ejecución de la metodologia para medir de la productividad: 

Los aspectos institucionales de Costa Rica, paises en vias de desarrollo y los Paises 
Bajos, han demostrado que Costa Rica es un pais en desarrollo, lo que incluye todas 
diferencias de hacer una investigación en un pais en desarrollo o en un pais occidental. 

El área minima del piso de una vivienda Costarricense de interés social debe de ser 36 
m2

, que resulta de multiplicar 7,65 m2 por persona, por el promedio de 4, 7 personas por 
vivienda. El área máxima es establecida por el gobierno como 60m2

; 7,8 personas. 

Debido a las diferentes formas de medir los costos de construcción en Costa Rica y en 
esta investigación, los costos de los diferentes insumos no siempre son iguales entre si. 
En algunos casos los costos labarales son agregados a los costos de los materiales, y los 
costos de equipo son agregados a los costos misceláneos. Obtener el costo total, el 
resultado principal de cálculo, no es tan importante, pero para predecir la productividad 
futura, una uniformidad en la medida de la productividad es necesaria. 
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Summary in other languages 

Veintitrés proyectos de vivienda de interés social, desde 1992 a 1994, son utilizados para 
calcular la nonna de productividad. Las nonnas de productividad resultantes son: 

- proyectos de vivienda con mamposteria = 0.055 m2
/ 1 000rt; 

- proyectos de vivienda con materiales prefabricadas = 0.063 m2<000rt. 
El valor de productividad ser puede evidente: los proyectos de vivienda interés social 
construcción con materiales prefabricados tiene una productividad más alto. Usando la 
fórmula (5-4) se concluye la construcción de viviendas de interés social que con 
materiales prefabricadas es más barato también. 

La productividad de los proyectos en 1996 es casi igual a la nonna de productividad. En 
los afios entre 1994 y 1996, el proceso de producción de las viviendas interés social no 
mejoró sustancialmente. 

Sabiendo él costo de la mano de obra, los costos de materiales y la tasa de inflación 
sobre los afios, es posible calcular (predecir) la productividad de un proyecto. Ya que 
prácticamente no existe en el sector de construcción en Costa Rica un sistema de control 
de costos, los costos mencionadas anterionnente son los datos accesibles en la 
documentación financiero de los proyectos. Las fónnulas encontradas son: 

Mamposteria: 
Productividad=0.10-(2.81 * 10-6[(C1+C,)*(l-LHt)]) 

materiales prefabricadas: 
Productividad=0.11-(3.45 * 10-6[(C1+C,)*(l-lllt)]) 

Donde: c; = costos de la mano de obra por proyecto en aii.o t 
Cr = costos de los materiales por proyecto en aii.o t 

.&11 = inflación total desde 1992 hasta aii.o t 

Para mejorar la productividad debe saberse, cuál es la influencia en la productividad. 
Esos factores vienen del ambiente extemo; llamados factores de productividad. Se han 
encontrado once factores que tienen una alta probabilidad de influenciar la productividad. 
Esos factores deberian ser la base para la primer mejora. Los problemas encontrados en 
los once factores se dividen en dos grupos principales: educación e infonnación. 

Los factores con una alta posibilidad de influenciar la productividad son: 
- burocracia (problema de información, solución de gobiemo ); 

- selección de terreno (problema de educación, solución de gobiemo y dirección de empresa); 

- infraestructura no disponible (problema de educación, solución de gobiemo); 

- bajo nivel de ingresos (problema de información, solución de gobiemo); 

- incrementos imprecisos en los costos (problema de información, solución de gobiemo e 

deramo); 

-alto costo de materiales (problema de información, solución de gobiemo e institutos de ramo); 

- retraso debido a falta de material (problema de infonnación, solución de dirección de empresa); 

- falta de infonnación sobre nuevas técnicas (problema de información, solución de ramo); 

- innovación tecnológica lirnitada (problema de educación, solución los todos instititutos); 

- equipo inadecuado (problema de educación, solución de gobiemo y dirección de empresa); 

- desgaste de equipo (problema de educación, solución de dirección de empresa). 
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1 
Centro de lnvestigaciones en 

Vivienda y Construcción 
The 'Centro de Investigaciones en Vivienda y Construcción' (CIVCO) was founded in 
1990 as an institute entirely devoted to the development and improverneut of the building 
sector, in particular low-income housing. 

CIVCO is a foundation ofthe 'lnstituto Tecnológico de Costa Rica' (ITCR) and it was 
created with joint financial support from ITCR, the 'Danish International Development 
Agency' (DANIDA) and the 'Banco Hipotecario de la Vivienda' (BANHVI). 

CIVCO's objectives are directed towards: 
- improverneut of living conditions including health; 

cost reduction; 
safety improvement; 
reduction of adverse environmental impact; 
quality improvement; 
use oflocal resources; 
improverneut of Iabour efficiency; 
improved industrial production. 

CIVCO has sendan assignment to the 'Eindhoven University ofTechnology' (EUT) for 
doing a research in the area ofjustifiable and sustainable development in the Costa Rican 
construction industry. 

CIVCO has orientated itself- in a minor possible time - to transfer the technological 
know-how to those sectors, responsible for the execution of the housing program. This 
is a debit in the way of getting along with the technics of resources, processes and 
conditions to make it possible to construct the product: a house. 

For that reason, CIVCO watches over their practical support ofinvestigation and the 
possible use ofthe existing know-how, at national and international level, for helping the 
process of transferring the knowledge and reducing the costs. The investigations are of 
a style of the University. It allows CIVCO to suggest different altematives, with the 
result of immediate use, all over the country. 
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Centro de lnvestigaciones en Vivienda y Construcción 

CIVCO makes its contribution to the development of the construction industry by means 
of a proposal of new norms, based on the concept of centrolling different parts of 
processes on quality, to the implementing ofmodular design and to the manufacturing 
of components and elements of construction. All these aspects are a contribution to reach 
a higher level of production, to promote an increase of quality and to help to get access 
to houses. 

As a center of investigations CIVCO makes also contributions to the interest of the 
community corresponding with the model of establishment in Costa Rica, as an effective 
answer tothefast growth ofthe country. 

CIVCO collaborates on specific projects with international agencies such as: IOCR, 
CIDA, ATI, UNDP and DANIDA CIVCO welcomes cooperation with institutions, 
private enterprises, international agencies and user groups playing a role in the housing 
and human settiement sector. 

1.1 Profiles of activities by CIVCO 

The activities of CIVCO are concentrated on research, education, consultancy and 
technica! assistance in different areas. The politicians consider the investigations as an 
issue of national and regional level. CIVCO maintains an actual and permanent 
cooperation with public enterprises, private and non governmental organizations and 
with those who play an important role in the sector of housing and human settiement 

Profiles of activities: 
I. The projects have their foundations on basis of the existing problems; 
2. No project is considered as terminate, before the problem situation is much better 

than the previous identification; 
3. The approach is multidisciplinair, which allows to analyse the probiemens of the 

construction sector as an integral formula; 
4. The activities are starting as a cooperation with other national and international 

enterprises and institutes, to reach an optimal solution and an important acceptation 
of the construction sector; 

5. Maintain an international orientation for the search of duplicates as the effort of 
investigation for the purpose of the Costa Rican themselves. 

This profile permits CIVCO to promote growth, efficiency and innovation, with the 
view to major indices - quantitative and qualitative - of low cost building projects. 
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Centra de lnvestigaciones en Vivienda y Construcción 

1.2 Working areas 

The important areas of interest are: 

1. Matenals and products in general 
Analysing and improving traditional materials, economie use of construction products 
and developing of new matenals with the intention to stimulate the correct use of 
natura! resources and reduction of the negative effects. 

2. Building physics 
Improving the living compartment, their components and elements and other problems 
like moisture, acoustics, indoor climate, fire and durability, with the intention to offer 
the user living conditions of major quality and low costs. Documentation the 
performance of existing building materials and components. Evaluating and improving 
of the performance of dwellings. Testing and evaluating of new building matenals and 
components. 

3. Mociular coordination 
Promoting the improvement of the design of public housing in a scale of units of 
houses. Also stimulating the conditions in the construction sector by normalisation, 
industrialisation and improvement of the quality of products and components 
throughout the coordination of the resources and the reduction of the costs. 

4. Structural systems 
Improving and developing systems and methodologies of construction for public 
housing, with a limited reach to safety, existing structural stability and reduction of 
costs. 

5. Waste and waste water treatment. water supply 
Making a contnbution to the solutions of the problems of waste, provision of 
drinkable water and treatment of water remaining in the development of habitation, 
with especially emphasis on the utilisation of alternative techniques and strategies for 
the reduction of water consumption and also building aspects to reach a human 
development in harmony with the environment. 

6. Human settiement and housing design 
Documentation of user requirements, site planning and design. Promoting the 
improvement of the design of dwellings and low-income housing. 

7. Construction management and quality control 
Extending the sector of housing and construction by testing and examining the site 
and laboratory, technical consultancy and contract investigation. For the account of 
personal qualifications, modern installations, special equipment and support of the 
international information system. 
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Centro de lnvestigaciones en Vivienda y Construcción 

8. Training and technology transfer 
Promotion and distribution of appropriate technology by using methods of suitable 
transfer. Suggesting critenons and outlining the capacity programs in the housing and 
construction sector, in the coordination of activities with institutes, enterprises and 
organisations in every area. Dissemination of appropriate technologies for the home 
building sector and human settlements development. 

Everything is in the line of investigation and specialisation in the area of public housing. 
Three main objectives in this area are reducing costs, the increases of the productivity 
and the impravement of the quality of the constructions. In annex 1 one can find the 
relations between the working areas and the logo ofCIVCO. 

1.3 Relation between CIVCO and investigation 

The most important objective of CIVCO is: "development and impravement of the 
construction sector with emphasis on the public housing". One can realize an 
investigation over the factors that remove the shortage of houses or one can resolve the 
shortage. Other objectives of investigations are the reduction of costs and throughput 
time, the increase of productivity and the impravement of the quality of constructions, 
which willlead to a larger production of houses. 

F or increasing the production of houses, one can increase the resources or the 
construction productivity or one can analyse why the production does not grow. The 
investigations deal with how one can reduce the shortage of houses. To be successful 
one can analyses the problems in the execution of the construction process and one can 
increase the production. 

This research is already the fourth research of a student from the Eindhoven University 
of Technology (EUT). Two students from the ITDS department have already written 
their masters-thesis at CIVCO and one student of the construction department has made 
her practical period at CIVCO. This will not bethelast research of a EUT-student. At 
this moment two other students are doing their masters at CIVCO and there will be 
probably more in the future. 

Not only the students are the relation between CIVCO and the EUT. Between the two 
institutes there is an agreement of cooperation in the field of research together with two 
other European universities and one other Latin-American university. Within a program 
ofthe European community they call their self 'HABICON': Habitat and construction. 
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2 
Research specifications 

In May 1996, CIVCO has sent a project description to the EUT, with the question if it 
was possible, that two or three students might do their master in Costa Rica. The 
summary of the description made by CIVCO will be given undemeath. 

The success of justifiable development of the improvement of the productivity of Co sta 
Rican construction projects depends on a good methodology of productivity 
measurement. Justifiable development implies, among other things, development of the 
prosperity, optimalisation and adequate use of resources, proteetion of the natural 
environment, reduction of the project costs and a contribution to the development of the 
national economy. The whole project pretends an improvement of the productivity of 
construction projects through the measurement ofproductivity. 

The improvement of the productivity of construction projects is one of the most viabie 
alternatives to reduce the costs. Applying this concept in the whole project, requires 
analysis, modifications of many techniques and the implementation of procedures. The 
advantages of increased productivity are for the project-owners, the individual house
owners, owners of housing projects, building research institutes and others like 
contractors, project leaders and other occupations in the construction industry. Finally 
the advantages should be for the whole nation. 

The project description given by CIVCO is the basis for this research. Annex 2.1 gives 
the complete project description send by CIVCO to the EUT. 
The research specifications are divided into two issues: theoretica! issues and the 
empirical issues. 

2.1 Theoretica! issues 

In the following paragraphs the problem definition, aims of the research, the relevanee 
of the research, the theoretica! framework, conceptual definitions and the research
questions will be described. 
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Research specifications 

2.1.1 Problem definition and aims of research 

The problem of this research can he defined as follows: 

· . 

.. 
Text-box 2.1, Research problem 

Likewise, the aims ofthis research is stated below in text-box 2.2. 

Text-box 2.2, Aims ofthis research 

2.1.2 Relevanee ofthe research problem 

This research has a practical and a theoretica} relevance. The practical relevanee is the 
methodology of productivity measurement, which can he used by the contractors in the 
Costa Rican construction industry. Especially for reducing costs of construction projects. 

In general the improvement of productivity is not only important for the construction 
sector, but has also a significant impact on aspects as the national economy, society, 
polities, culture and the external environment (durability ofthe inputs). 

The sceintifical relevanee of this research is to find an adequate methodology for 
measuring productivity oflow-income housing projects, for a building research institute 
like CIVCO. 
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Research specifications 

2.1.3 Theoretica! framework and conceptual definitions 

T o get a better insight of the problem, it is useful to make a theoretica! framework. 
Figure 2.1 shows the theoretica! framework ofthis research. 

,------------
Extemal environment in Costa Rica: I 

I I 
\ Influencal factors J 
-- , -

' 
---

Input side: Construction stage: 
M ethodology I Matenals l "" ".. 

I Labour I "" 
of 

".. "" productivity Jll"" 

I Equipment I 
..... ,.. measurement 

I Miscellaneous I "" ".. 

", ~~ 
Existing Methodologies: 

I Worldwide I 
I Costa Rica I 

Figure 2.1 , Theoretica! framework 

One can see in the figure above that the theoretica! framework consists of four variables. 
Each variabie has its own sub-variables. Below the conceptual definitions of each ofthe 
variables will be given. 

Extemal environment in Costa Rica· 
The extemal environment of Costa Rica is the elimate in which the construction project 
takes place and which influences its performance. This elimate is determined by the 
productivity factors, prevalent on a certain moment at a certain place. Becuase of the 
complexity of the extemal environment, the extemal environment will and cannot be 
measured in this research. Nevertheless, the influences of the influencal factors on the 
productivity can and will be measured in this research. 
- Influencal factors: all the external environmental factors that have a positive, neutral 

or negative influence on the productivity in the Costa Rican low
income housing projects. 

Input side: 
The input comprises all resources directly needed in the realisation of the construction 
stage. This ineludes the following sub-variables: 
- Materials: all building matenals and building products which are combined on 

the building site to a construction item. 
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- Labour: 

- Equipment: 
- Miscellaneous: 

Construction stage: 

all human effort, skilis and knowledge which are available to the 
contracting firm. 
all machines and vehicles available on the contracting firm. 
all other used items, within the project. 

The construction stage includes all activities related to the construction work it self The 
construction stage starts at the moment of first action in the building process and is 
finished by the handover to the elient 

Existing methodologies: 
The existing methodologies are all those methodologies of productivity measurement in 
the construction industry, which were available in the Iiterature. 
- Worldwide: all countries except Costa Rica. Most of this literature is comming 

from the Netherlands and the U.S.A. 
- Costa Rica: all methodologies of productivity measurement used within the 

Costa Rican construction sector. 

The methodology of productivity measurement wili be the combined result of the existing 
methodologies and the construction stage with his input factors. With this methodology, 
the productivity of the Costa Rican Iow-income housing projects can be measured. In the 
future the average productivity measured in this research can be used as a norm for the 
new productivity results a:fter improving a part of the input or construction stage. 

2.1.4 Research questions 

The above standing theoretical framework and the conceptual definitions can bring us 
to the different questions. Within this research there have been four research questions 
formulated. Text-box 2.3 shows these four research-questions, with their sub-questions. 

Text-box 2.3, Research-questions 
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2.2 Empirica! issues 

In the empirica} issues two subjects will be described: the research strategy and the 
research methods. 

2.2.1 Research strategy 

The practical etaboration of the research and therefore the strategy of this thesis can be 
derived from figure 2.2. The research starts with a search to an adequate methodology 
(part 11). The search for an adequate methodology is divided into five subjects: Costa 
Rica as a development country, the construction sector in Costa Rica, productivity in the 
literature of industrial engineering and the productivity of construction projects and 
finally the adequate methodology for productivity measurement in the Costa Rican low
income housing projects. 

The search for an adequate methodology is the basis for the fieldwork in Costa Rica. 
During the search to a methodology of measuring the productivity in the Co sta Rican 
low-income housing projects will be designed. During the application of the 
methodology (part ill), the methodology of productivity measurement will be tested. The 
second part of application of the methodology is the measuring of the influencal factors 
on the productivity. Finally, in part IV, the evaluation ofthe methodology will betaken 
place. 

Part I: Part 11: Part III: Part IV: 
Me~odological Search fora 

Issues: adequate 

~ 
methodology 

Application of the Evaluation ofthe 
methodology: methodology: 

___. -------. 
-CIVCO - ldeal situation 
-Theoretica! issues - Actual situation 

- CostaRica - Conclusions 
- Results of the - Recommendations 

- Empirica! issues - Adequate situation measurement 

Figure 2.2, Research strategy 

2.2.2 Research methods 

In this research two kind of information is needed. First, the productivity figures in the 
Costa Rican low-income housing projects and second the influencal factors of the 
extemal environment on the productivity of the low-income housing projects. 
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Research specifications 

This research is divided in different phases to come to the final result: 
1. Research population and sampling; 
2. Data collection: 

- literature study; 
- expert interview; 
- existing data; 
-questionnaire; 

3. Data analyzing: 
- spreadsheets; 
- statistica! programs; 

4. Evaluation. 

L. Research population and sampling: 
The research population is a collection of research units. Research units are persons or 
objects where the problem definition has to make an utterance. Thus, the research 
population is that part ofthe total population where the research relates to. The most 
important part by defining the research population are the characteristics needed. Those 
characteristics are typical for the research population (Baarda, 1992). 

In the research to the productivity figures in the Costa Rican low-income housing 
projects, the research units are the contractors in the Costa Rican construction sector. 
The construction of low-income houses is the most important characteristic of those 
contractors. The second characteristic is a practical one; the rnain-offices of the 
contractors have to be in the Central Valley of Costa Rica, because they all have to be 
visited and there is limited time. The Central Valley contains the cities San José, Cartago, 
Alujuela and Heredia (see annex 2.2). If, but especially if, there are not enough research 
units, the questionnaire will be sent by mail to places outside the Central Valley. 

The research population for this research was hard to reach. There is no institute who 
has the narnes of all the contractors in the low-income housing. The 'Cámera 
Costarricense de Construcción' and the 'Colegio Federado de Ingenieros y de 
Arquitectos de Costa Rica' do have a complete list of all the contractors in Costa Rica, 
but they do not know what the contractors main core business is. This complete list 
contains more then 600 narnes and addresses, what makes it almost impossible to identify 
those contractors in the low-income housing projects. 

The 'Banco Hipotecario de la Vivienda' is the governmental institute that is entrusted 
to the control ofthe Bono Familiar at alllow-income housing projectsin Costa Rica (see 
§ 6.5). Thanks to the help ofthe BANRVI it was possible to identifY 11 contractors 
(N1=11). Annex 2.3 will give the complete list of narnes and addresses ofthe research 
population. Most of the eleven contractors have done more than one low-income 
housing project in the past few years. 
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The response on the questionnaire was~ low (n1=3; no-response= 72.7%). Eleven 
folders were sent to eleven different contractors, each with three questionnaires of 
productivity measurement per project, thus 33 questionnaires (N2=33). Four folders were 
sent back with the message: 'no time' or 'not doing construction in low-income houses'. 
One folder of questionnaires was sent back by mail, but never arrived at CIVCO; 
sernething that happens often in Costa Rica. Three contractors gave filled-in 
questionnaires back, which makes it toa total offour filled-in questionnaires (n21=4; no
response 87,9%). Fifty percent ofthe filled-in questionnaires were notabout low-income 
housing projects, but about regular constructions of houses for the rniddle-class. Thus 
the total valuable response (n22=2) on the questionnaire will be 6%. The missing three 
folders with questionnaires are still missing. 

In 1994 CIVCO conducted a research to the extra cost in the low-income housing 
project, 'Factores de sobrecosto en los proyectos de vivienda económica ', by ing. A.G. 
Leandro F. In the research by CIVCO, 23 projects oflow-income housing, between 1992 
and 1994, were discussed (N3=23; n3=23). The 23 projects will be used for the 
calculation ofthe standard productivity. 

The research population of the influencal factors is the same as the one of the 
productivity measurement (N1=11). Because ofthe low result, there has to be found a 
new way of extending the research population. F or testing the questionnaire, four 
researchers ofCIVCO had filled in the questionnaire (N4=4). Annex 2.4, shows the list 
of people, who filled-in this questionnaire. The three contractors can been seen as the 
field (research) group (N1=11; n1=3; no-response = 72.7%) and the researchers of 
CIVCO as an expert group (N4=4; n4=4; no-response= 0,0%). 

2... Data collection: 
F or doing a research, there are four basic possibilities to obtain data (Baarda, 1992; 
Gaillard, 1995): 

1. Make use of existing data. 
2. Obtain data via observations. 
3. Obtain data via written or oral interviews. 
4. Laboratorium experiments. 

Out of practical reasons, the first one is the most simple one. It has less cost and will 
speed up the research. The major disadvantage by using existing data are the existing 
mistak es. If there is no data or not enough data, one can do an observation or an 
interview. 

The choice between the methods is often difficult. When the research is about 
knowledge, attitude or opinion, then an interview has to be done. But when the research 
is about behaviour, it is common to use observations. 

Methodological issues 19 



Research specifications 

For testing the methodology, there had to be done interviews. The information needed 
was about the knowledge of financial project documation. The interviews were written 
interviews, because there were no difficult questions, only real facts about the financial 
side ofthe project documentation. This is the reason why a questionnaire was used in the 
research to the productivity figures in the Costa Rican low-income housing projects. 
Annex 2. 5 shows the used questionnaire and explains the different items of the 
questionnaire. 

For calculating a standard productivity in the Costa Rican low-income housing sector, 
the low-response on the questionnaire was too low. At the moment that the problem of 
the !ow-response was obvious a by CIVCO conducted report to the extra cost in the 
low-income housing was found. Most of the information needed for calculating the 
standards was presented in this report and some extra needed information, could be 
found in the research documentation ofmrs. Leandro. The quality ofthe existing data 
is not known, but probably the best that can be found in Costa Rica about low-income 
housing. Annex 2.6 explains the way of gatbering the data. By now it is for sure that the 
results from the measurements are not suitable for generalisation to the construction 
sector oflow-income houses. 

Like the measurement of the productivity, the research to the influencal factors of the 
external environment also uses the written questionnaire. The productivity measurement 
has two sourees of data; the existing data and the data out of the questionnaires. F or the 
research to the influencal factors, there was no existing data available. The questionnaires 
wil1 be the only souree ofinformation. Annex 2.7 shows the used questionnaire about the 
influencal factors. 

In all cases the quality of the data was always checked with one or two researchers of 
CIVCO Table 2 1 gives an overview ofthe used data collection methods· 

I Productivity figures in the Costa Influencal factors of the Costa 
Rican low-income housing projects Rican external environment 

Existing data *** 
Questionnaire . *** *** 

· ........•.... 
Expert advisory *** / •· *** ... 

Table 2.1, Overvtew ofused data colleebon methods 

L Analyzing data: 
T o calculate the total costs and the productivity in a standard and quick way a metbod 
has to be developed. By putting every equation and the available data in a spreadsheet 
it is possible to calculate the productivity. 
Excel ofMS-Wmdows is used as the spreadsheet program. Excel is compared to Europ 
a more popular spreadsheet program in all America (North, Centraland South). 
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Annex 2.8.1 shows the codehook of the questionnaires. The number in front of the 
question ( or in the questionnaire, after the question), gives the position in the 
spreadsheet. The working area is a matrix of 9 x 10 (annex 2.8.2). The first digit 
represents the group, where the question belongs to. For example 15 belongs to the 
group of wages. The last digit gives the place within the group. It is not a hierarcbic 
place, it is just a place, except for the 5 and the 9, those places are for total. The groups 
7 and 8 are not mentioned in the questionnaires, but in the codebook. Those groups are 
for the calculations of the total of the inputs, the output and the productivity. The last 
group is the general group about the information ofthe questionnaire and the contractor. 

For proving coherence between the inputs, the output and the productivity a spreadsheet 
program is not the most appropriate program to use. The results of the major actors in 
the construction productivity calculation are put in a Statistica! Program for Social 
Sciences (SPSS). Annex 2.8.3 shows the codehook used for SPSS. Those actors are the 
inputs per colon per square metre, the output in square metres, system of construction 
and of course the productivity. 
To come to the final equation about the coherence one has to take several steps (annex 
2.9 will explain those several steps, with the helpoftheir theoretica! description): 

1. Normal distribution of all the variables. 
2. Scatter-plot 
3. Hypotheses. 
4. Correlation analyses. 
5. Regression analyses. 

Thus, first of all, the data is collected and put in a spreadsheet for calculation. Secondly, 
the results from the calculations in the spreadsheet are put in the statistica! program, for 
proving coherence between variables. 

F or analyzing the data coming out of the questionnaire of the influencal factors, the 
Statistica! Program for Social Sciences is also used. With this program one can identify 
the factors, which a high majority of 'yes'as an answer. The codehook can be found in 
annex 2.8.4. Which of the influencal factors has a high chance of influencing the 
productivity in the Costa Rican low-income projects. 

~ Eva1uation· 
In the last phases the conclussions are drawn. What can be used as a standard for the 
productivity in the Costa Rican low-income housing projects? Wich adjustment are 
nescessary to make the methodology for productivity measurement more adequate to the 
Costa Rican situation, then in this research? What can be done with the found influencal 
factors? 

Finaly in the recommendations, what can CIVCO do for the future, but not only CIVCO 
also others working for the Costa Rican construction sector. What kind of follow up 
studies are nescessary to complete this research? 
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l 
Prodoctivity in the indostrial 

engineering 
Part 11 contains three chapters. The first chapter (3) describes the ideal methodology of 
productivity measurement in the industrial engineering. The next chapter ( 4) explains 
the actual situation of productivity measurement in the construction sector in develop
ing countries. Finally in the last chapter of part 11 ( 5) an adequate methodology of 
productivity measurement in the construction sector of developing countries will be 
concluded. 

The first three paragraphs of this chapter are based on the Ph.D thesis 'The transfor
mation factor, a tooi to evaluate and control production systems' of A.J. de Ron. All 
paragraphs will describe the productivity from point of view of an industrial engineer. 

3 .1 Production system 

Production is often described as the generation of goods and services (ANSI, 1989). 
Such a description is vague and incomplete. To arrive at a model for a production 
system, the definition ofChenery (1949) for the production concept is used: 
- production means anything that happens to an object or set of objects which 

increases its value; 
- the basic physical condition necessary to cause any of these changes, is that energy 

must be applied to the material in some form. 
The increase of value, as met in these defini-
tions, means that the obtained object ~ ~---;~;;~--~~ 
can be used better than the //~ ~"' -,, 
object Of set of objects fl Input' Output, 

before production; it is an -Iabour; ~-----p~ro~du~ct;----1 
. f fu} } -equipment· - waste mcrease 0 u se va ue. -moterlols; ' (pollutlon); 

To give the foregoing \J-~;~·· -energy 

- spe<lfirotlon; 

more clarity, figure 3.1 :;:. 
gives schematically the rel ~/ 
tion between the inputs, ~~ __.......-....---'-
production system and 
the output. 

~-------------
Figure 3.1, Input- output relation 
(Source: combination ofScott Sink, 1985; de Ron, 1994, van Egmond, 1995 and Kraw
jewski, 1990) 

Search for an adequate methodology 24 



Productivity in the industrial engineering 

Based upon the theory and figure 3.1, the following definition of a production system 
can be given: 

--------------------------------Aproduction system transforms inputs into outputs; at least one 
of the outputs is wanted and has an added value · compared to its 
inputs. 

Text-box 3.1, Production system 

3.2 Definitions of productivity 

The word productivity was already used in the 18th century, meaning the 'faculty to 
produce' (Sumanth, 1979). At the beginning of this century the term productivity 
became the relationship between output and the means employed to produce this 
output. 

Kendrick and Creamer (1965) gave a basic form to the definition of the productivity; 
they indicated it in three ways: 
1. T otal productivity is the ratio of real gross output to a combination of all 

corresponding inputs: Iabour, capital and intermediate products. 
2. Totalfactor productivity is the ratio ofthe real product originating in the economy, 

industry, or firm to the sum of associated Iabour and capital inputs. 
3. Partial productivity is the ratio of gross or net output to one class of input. 

Rijkenberg (1996) concludes in her M.Sc thesis that each ofthe three descriptions has 
it own advantages and limitations. Partial productivity measures have proved to be too 
limited to give insight into the overall productivity of a system. The total factor 
productivity has a similar limitation: they only include Iabour and capital inputs. Such 
definition does not account for the possible impact of material costs on overall 
productivity. The total productivity gives the overall productivity. It looks almost that 
the total factor productivity is combined with the partial productivity of material and 
intermediate products. 

The basic productivity definition is always the same (Rijkenberg, 1996). What changes 
is the precise meaning of concepts used in it, based on who defines them, from what 
perspective and on what level? 
The definition of productivity used in this research will be: 

The ratio ofthe value of the output realized within the available 
period,. to the values of all the ·direct inputs used in the · same 
period. 

Text-box 3.2, Defmition ofproductivity 
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3.3 Productivity as a monetary value 

Ron ( 1994) gives an example showing the fallacies of financial partial productivity 
measures: if a company's Iabour productivity is increased by improving the raw 
material quality whose extra costs do not offset the savings due to reduced man-hours 
of Iabour, then it could be disastrous for the management to award a wage like to its 
Iabour based on improved Iabour productivity, when in fact, there is no net gain at all. 

The total productivity measures used by Ron (1994) can bedefinedas follows: 

where: PT = total productivity 
~ = labour costs during a considered period 
Cc= capital costs duringa considered period 
C, = raw materialand purchased part's costs duringa considered period 
cm= other miscellaneous goods and services costs 
~ = total output during a considered period 

(3-1) 

The productivity will be viewed as the measure of the efficiency of a transformation 
process. The input quantities are the costs: the physical inputs are replaced by their 
money-value. 

The ditTerenee between the financial output and the sum of all costs is the financial 
profit. If total productivity is 1.0, the firm breaks even. A total productivity index, 
larger than 1. 0 implies that the company is making a profit. 
If profit is included in the output it means that a productivity index using this output is 
not an independent measure, because profit directly influences productivity, which 
means that activities that are not the result of production may increase or reduce the 
productivity. 

The disadvantages of a productivity measure expressed in money-value can be 
summarized as follows: 

The conversion of the input and output in monetary values makes the productivity 
dependant on non-productive influences (dumping of goods and/or raw materials, 
price agreements, inflation). As the productivity includes profit, productivity is a 
measure that has to do with profitability. 
Matters like dividends from securities, interest from honds and other sourees can 
also be obtained if the firm does not produce. 
Productivity is a relative measure. It provides no absolute value for comparison 
except the value 1 that is a value used by accountants for obtaining an impression 
about profitability. 
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Bottom (1990) writes that 'time' could be one of the best units expressing 
productivity: it is inflation proof and is international standard, whereas financial units 
are affected by inflation and currency fluctuations and are sometimes difficult to explain 
and understand. 

A glaring error in the definition is the addition of labour and capital. Just as we cannot 
add 'apples and pears', men or women cannot be added to a money value in dollars, 
colónes or guilders. It should have been defined more precisely. 
The problem remaining ofhow aggregate and/or compare. To take for example, man
hours of a mason or a manager with machine hours. Sort of form of conversion is still 
required, for which the money dimension can be assistance. 

3.4 The integral performance 

With productivity as starting-point, it is possible to express the performance of a 
technica! production system in time and changing of standards. Therefore, the 
productivity gets a competitive value. This code value is called 'the performance rate', 
an in time changing (non-dimension) variabie (Sanders, 1994). For the development 
and the control of a technica! production systems, the performance rate is very 
important. 

Output and input, thus productivity and performance, are highly related to the 
effectiveness and the efficiency of a production process. 
The measurement has to been at an input/output model, showed in figure 3.1. The 
measurement shall be taken place during a particular period, so that value of the 
measurement will be a time integrated quantity. Of course, instead of time one can use 
the production quantity of a particular period or the incoming and outgoing flows of 
money. 

Sanders (1994) concludes that cantrolling a production system, is to keep the 
preferabie performance. The performance has to be measurable based on the preferabie 
value. Also, it has to be adjustable within the given borders. 
It has to be clear that the production system is arranged so that measurement and 
cantrolling of a specific performance rate are guaranteed. There has to be action of 
regulation, in the case of exceeding the borders. Most of the time, an automatically 
working measurement and cantrolling system is provided with a feedback (forwards 
andlor backwards). 

The development of the technology at the output side, has mainly influence on the 
standard output; the effectiveness will decrease. When the efficiency and/or the 
effectiveness will decrease, the performance rate will decrease also. 
The methodology with respect to the competitive performance has four equations (in 't 
Veld (1988)), see annex 3.1, equations 3-1-1 until3-1-6. The results ofthe equations 
3-1-1 until3-1-6 of annex 3.1, are given in figure 3.2. 
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Just as given in figure 
3 . 1, the input is related 
to offers and the output 
to the result. At a 
technica! production 
systern the results have 
to corne up to the 
dernands of the 
consurners. T o keep to 
the dernands the inputs 
will be more expensive in 
the time, therefore the 

standerd 
Input 

--

~ 

Efficiency 

~-

,-------_1_ ___ 
real 
Input 

standard 
Productivity 

• 
~--. 

Aate of 
performance 

t --

Productlvltv 

i> Production 
system 

productivity will drop. Figure 3.2, Productivity and Performance 
The cause of the (Source: Sanders, 1994) 

standard 
Output 

+ 
~--- Effectiveness 

l ___ _j_~--
1 real 

Output 

of> 

inevitable increase of the costs at the input si de, is kept by the rnaintained offers in the 
progress of time. At the input si de, after a while the actual input shall increase and the 
standard input shall decrease. The result will be that the efficiency will drop down. 

Sanders (1994) and in't Veld (1988) stated that 'quality' of the product and the 
production process has also its in:fluence on the productivity. It is out of the scope of 
this research to prove the in:fluence of the quality on the productivity. Therefore, the 
concept 'quality' will not be discussed in this research. 

3. 5 Productivity improverneut 

In this paragraph, considerations are given to the improverneut of productivity. This 
paragraph has been divided in two parts; in the first part the productivity cycle is 
described, while the second part the possibilities for productivity improverneut give. 

3. 5.1 The productivity cycle 

Each productivity improverneut effort has 
to start with rneasuring the existing 
productivity level. The 
rneasurernent's results have to be 
evaluated. Based on the evaluation a 
decision has to be taken about how and 
to what degree the existing productivity 
level will be irnproved (= targets). To 
control if the productivity target is realized, by 
doing irnprovernents rneasurernents 
have to take place again, etcetera p· 

3 3 
Pr d . . 

1 1gure . . , o uct1v1ty cyc e 
and etcetera. (Source: Sumanth, 1984) 
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Sumanth (1984) combines four tasks in a so-called productivity cycle. Productivity 
improverneut is thus not an independent activity, but linked withother activities. These 
other activities are some prerequisites in the realization of a productivity improvement. 

3. 5.2 Possibilities for productivity improverneut 

Based on the productivity equation (3-1 ), productivity improverneut takes place if one 
of the following five situations occurs (Rijkenberg, 1996): 

output increases, input decreases; 
output increases, input remains constant; 
output increases, input increases at a lower rate; 
output remains constant, input decreases; 
output decreases, input decreases at a higher rate. 

Output and input and thus productivity (performance), are highly related to the 
effectiveness and efficiency of a production process (see also § 3.4). The degree to 
which the output realized corresponds with the standard output, indicates the 
effectiveness of a production process. The amount of inputs used to realize a eertaio 
amount of output, is a measure for the efficiency. Productivity can thus be viewed as a 
function ofboth effectiveness and efficiency (Sumanth, 1984; ASCE, 1983; Wassink, 
1971; Veld in't, 1992). This implies that an increase in effectiveness and/or efficiency 
results in one ofthe five above-mentioned options for productivity improvement. 

There is often a resistance to improving productivity on grounds of causes 
unemployment. This concurs with the views of Strassman (1982) who writes that, 
when Iabour is made more productive through education, the result need not be higher 
unemployment, but that, thanks to the Iabour increased Iabour productivity, production 
can be cheaper and construction greater ( assuming that increased Iabour productivity 
compensates the other increased inputs needed to obtain such increased productivity). 

3.6 Importance ofproductivity 

The importance of productivity can be made clear by dealing with the benefits that 
result from its improvement. Depending on the level, the productivity concept is 
applied too. 

Benefitscan occur in a whole nation, an industry, a company and/or a single unit within 
the company. Aggregation of the lower levels results in a nationallevel. This implies 
that widespread productivity improverneut at the lowest level can result in productivity 
growth on nationallevel (Sumanth, 1979; Rijkenberg, 1996). 
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F or a company productivity improverneut can result in lower costs per unit output. 
This leads to lower prices and consequently a bigger market share and profit In a 
competitive environment productivity improverneut is essential for the survival of the 
company (Kendrick, 1993). The same goesfora whole industry or nation: productivity 
improverneut can enhance the competitiveness of an industry and/or nation versus 
other industries or nations. 

On nationallevel other benefits can also occur (Erkelens, 1991 ): 
- An increase in productivity means a decrease in the amount of inputs needed per 

unit output. This result in more leisure time, increased consumption and 
conservation of natural resources. 
Productivity growth means that more goods and services become available without 
the payments for inputs having increased to the same extent. For a country this 
means that more goods and services are available for its people with reducing the 
pressures for inflation. 
Higher productivity can mean a higher profit margin and thus a better return on the 
capital invested (ROl). This can be a stimulus for new investments, enhancing 
general economie growth and creating more jobs. 

The benefits mostoften mentioned are economie benefits. Sumanth (1984) and Biasca 
(1984) also mentions the link between the productivity level of a country and its 
political power. Political power and economie power are strongly linked in this respect. 
When a country is not able to produce certain essential products of its own, it depends 
on foreign sources. Such economie dependenee can result in politicallinks (and vice 
versa). This can be understood by the simple fact that when a person (or country) 
possessing something another person ( or country) very much wants and needs, the 
former can execute a certain amount of power over the Jatter. An example of this link 
between productivity and politica} power is the developing countries. Their inability to 
be productive in essential economie sectors has not only led to a competitive 
disadvantage on the world market, but also to a disadvantaged position in the world 
polities. 

The above-mentioned authors think that productivity increase lead to a higher standard 
of living, less inflation, better trade balances, further growth, more leisure time and 
even for environmental improvements. Dogramci (1981) notes this is not universally 
accepted. Also the W orld Bank (Erkelens, 1991) has its doubts about the usefulness of 
productivity measurements. Comparing the same goods, produced by different people 
or countries may not easily owe the quality or work activity. 

What could possibly the role of productivity measurement and the performance 
evaluations, in the industry? 

They could provide early warnings signals, long befare the problem is obvious. 
They should answer the question: How serious is the problem? They should be the 
basis for measuring the economie impact of alternatives and should provide an 
easy means for quantifying the results. 
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4 
Procluctivity in the 
construction sector 

The construction industry is one of the oldest industries in the world. Initially ( and still 
in some areas of the world), the people made their own home, but later a part of the 
population got specialized in the building of houses and other construction works; the 
construction industry was bom. 

4.1 Stages of the construction process 

--

Literature on the construction industry does not show a consensus about how the 
construction industry could best be defined. A discussion of the various existing defini
tions is beyond the scope of this text. The purpose here is to indicate how the construc
tion industry will be defined in this literature study. 

Ofori (1990) states that the construction industry is often defined in terms of activities 
and products covered by it. Many activities that take place are not directly concemed 
with construction, but serve as supporting activities in realization of a certain construc
tion item. Also, there are lots of different construction works to realize. These range 
from straightforward buildings to more special items, like bridges, dams, etcetera. A 
third aspect that is important to consider in defining the construction industry (but not 
mentioned by Ofori) is who will be carrying out the construction work. 
The construction processis a sequence ofvarious stages, see tigure 4.1. Every stage of 
the construction process is a production process, with an input and an output. 

-- -· 

Construction 
stages 

._ ___ .... -------· ·-
- ,------------ - ---

1. Initiative r 2. Design H- 3. Tender .....:> 4. Execution -'75 Hand-over f-o> 6. Use 
7. 8 . 
Maintenance Demolition 

Materials/prodncts 
Labour ------..t 
Eguipment --
M!scellaneous __ _ 

·' .---

Production process 

Figure 4.1, Different stages ofthe construction process 
(Source: Rijken berg, 1996 + remarks of all supervisors) 

• Constructed object 
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In this research the execution (stage 4) is the focus point; during this stage a planned 
construction project is realized in practice. 
The formal ( registrated) contracting organization is considered the core in this defini
tion. The contractor is the party who directly deals with the construction work. How
ever the constructions of the latter parties are crucial for an optimal productivity and 
performance of the contractor and can therefore not be excluded from the definition. 

4.2 Developing countries 

The construction is a capital goods industry. The construction plays an important role 
in economie development. The contribution of construction to GDP is typically 3 to 8 
per cent in the most countries (UNIDO, 1985). Annex 4.1 shows the different percent
ages of GDP of some selected countries. 

Construction output constitutes from 40 to 70 per cent of gross fixed capital formation 
in developing countries. In this role, the construction produces not only the infrastruc
tural facilities required for transportation, water and power supply, communications, 
waste treatment and disposal, but also housing and other buildings that shelter various 
social and economie activities and facilities for a wide range of industrial activities. 

Given the structure of wages and the state of production technologies in most develop
ing countries, construction is a logical employer of the unskilled and semiskilled. 
(UNIDO, 1985) Together with the service sector, the construction sector has great 
absorptive capacity, particularly when labour-intensive methods are adopted (Gaillard, 
1992). The service sector and the construction sector are forming a bridge between the 
unskilled workers of the informallabour market and the skilled labourers of the formal 
sector. 
Construction activities make a significant contribution to the rest of the economy by 
training entry-level workers in the fundamental skills and discipline necessary for 
industrial activities. Jobs are generated in other sectors by the construction industry's 
intermediate consumption of products, i.e., building materials, should also be consid
ered. 

Thus, the construction industry provides critical forward and backward linkages to 
other economie sectors. lts special contributes to development are capital formations 
and the provision of employment to the reservoirs of unskilled and semiskilied workers 
poorer countries. The products of the construction industry - civil works, industrial 
plants, schools, hospitals and housing - are essential to both economie growth and 
social welfare. 
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4.3 General approaches to construction productivity 

This paragraph is based on the Ph.D thesis 'Self-help building productivity, a method 
of improving house building by low-income groups applied to Kenya 1990- 2000' of 
P.A. Erkelens (1991). 

According to Wassink ( 1971) productivity measurements done at regular times will 
show trends; this is also the case when the changes and the effects of certain 
measurements are studied and compared over periods of time. The type of productivity 
information required may differ for the various levels and organizations: 
- at nationallevel, a ministry, for instanee may he interested in raising productivity, 

with the aim of reducing house costs; 
- at branch level, better insight into productivity may improve the competitive 

position vis-a-vis other branches; 
- at building company level, the interest may he in increasing productivity in order to 

raise the profit margin within the actual contract sum. 
- at project level, as on the building site, it is also for checking up ongoing projects. 

Study on literature reveals a great variety of definitions for productivity. The 
construction literature distinguishes Single-Factor Productivity (SFP), if one input 
factor is considered and the Total Factor Productivity (TFP), for all the factors 
together. One has already learned from paragraph 3 .2, that the SFP means the partial 
productivity. The TFP used in this paragraph can he compared with the total 
productivity of paragraph 3 .2, thus not the total factor productivity used by the 
industrial engineers. 

Revay (1984) and Yousif (1990) are the two authors that have dealt particularly with 
the productivity in the construction industry. In annex 4.2 a complete list of other 
different definitions of productivity in the construction industry is printed. 

The totalfactor productivity of a construction project used by Revay (1984) is: 

TFP ----=Q~-
(a.L+b.K +c.E+etc.) 

Where: Q = quantity of output 
L = quantity of labour costs 
K = the value of invested assets 
E = the use of construction equipment 
a,b,c are weighing factors 

(4-1) 

The weighing factors (a,b and c) areneededas quantities and/or values and are usually 
not simply been aggregated. It is a good theoretica} formula but its usefulness depends 
on the weighing factors determined. It is also unclear what the dimensions of the 
denominator and the numerator are. 
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Y ousif (1990) suggests a similarly structured definition, but formulated for the 
company level with money as the dimension ofthe denominator, so that the TFP is: 

Where: T 0 = total output 
L = Iabour 
C = capital 
M = raw matenals 

T 
TFP- 0 (4-2) 

(L+C+M+Misc.) 

Mise. = other miscellaneous goods 

Still, it is very unclear what the dimension of the numerator, the total output, will he. 
Equation ( 4-2) is similar to equation (3-1 ). Both equations are using the same inputs 
and the same values for those inputs; money. The dimension of the output of equation 
(3 -1) depends on the product one is dealing with. The next paragraph will descri he the 
dimension used within the construction sector. 

4.4 The construction processas a production system 

1he production system is a single construction project on a site. This system should not 
he viewed independently. It is influenced by larger systems: the company, sector and 
country in which it takes place (fig. 4.1). Environmental (influencal) factors within 
these larger systems influence projects productivity performance. 

The output of a construction project is a house or a building, which result from 
transformation of the combined inputs. Both the physical and financial aspects of the 
output are contractual agreed upon between elient and contractor and therefore 
considered as constant during the entire project. 
This means the constructor is not able to change this output, neither quantitative nor 
qualitative. When the output is homogeneous over a certain period of time, outputs in 
this period can he compared with each order. It is common in the construction industry 
to u se the total square metres of the floor area as the dimension of the output (Fuentes 
Molina, 1983; Leandro Guzman, 1985; Erkelens, 1991; HABITAT, 1988). 

The input comprises all resources directly needed in the realization of the building. This 
includes Iabour, building materials and products, equipment ( capital) and 
miscellaneous. The various inputs may not he uniform over a period of time, and is 
thought to he a different problem compared with the output. The output is the result of 
a complex of production inputs, while the input is by definition, a 'lower' level of 
aggregation. Differences of Iabour, capital and material will he reflected in both 
quantities and qualities, which guarantees comparability to a certain degree. To tackle 
this problem the input can he measured in the best adequate dimension: the local 
currency. 
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4.5 Influencal factors 

A growing body of knowledge says that productivity can be controlled (CII, 1988). 
This assertion is supported by the condusion that work ethic, Iabour unions and poorly 
motivated workers are not the primary root causes of productivity problems. Studies 
have consistently shown that the problems result from the way projects are designed, 
organized, planned and managed, and that these conditions exist whether the project is 
large or small, commercial or industrial, union or merit shops (CII, 1988; BR 1987). 

To improve the efficiency(= input) of a construction process, one has to have insight 
into the precise circumstances under which the process took place. Each production 
( construction) process is part of a certain operating environment (fig. 3 .1). 
Several authors have acknowledged that the inputs of a construction process are 
influenced by factors from this environment. Such factors are called by Erkelens ( 1991) 
'productivity factors'. Those environmental factors do not have only an effect on the 
productivity but also an effect on other items, within the construction process. To get 
no misunderstanding the 'productivity factors' used by Erkelens (1991) will be changed 
into the 'influencal factors'. 
One has to understand the actions of these factors to be able to effectively control 
them. Effective control of the influencal factors will result in an efficient use of re
sources. As stated before, increased efficiency leads to increased productivity. Thus, 
the assessment of influencal factors should form a part of a productivity measurement 
system. Evaluation of the data resulting from this system should indicate the areas 
where improvement is possible. 

4. 5 .1. Single and multiple-factor influencal factors 

According to the description of the construction process as a production system ( § 4.4) 
it is assumed that the output and the construction process remain homogeneous. 
Therefore, an influencal factor will only influence the input. A distinction is made 
between two types of factors. 

Single-injluencal factor 
This is a factor that mainly influences one of the input factors Iabour, materials or 
equipment. Indirectly influencing the TFP (Total Factor Productivity). The single
influencal factor belongs to the partial productivity (§ 3.2), that only depends on one of 
the inputs (SFP). 

Multiple-injluencal factor 
This is a factor that influences more than one ofthe input factors directly, or indirectly 
via the environment. Therefore this factor influences more partial productivity and 
( eventually) the TFP (as one partial productivity may increase and another partial 
productivity is doing the opposite, the TFP remains unchanged). 
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4. 5. 2. Impairing and enhancing influencal factors 

The above-mentioned single-influencal and multiple-influencal factors can be impairing 
(negative), enhancing (positive) or neutra!. By now an 'impairing' productivity factor 
(IPF) can bedefinedas one that causes a decreasein productivity. In the same way, it 
can be defined that a 'positive' productivity factor as one that enhances productivity. A 
'neutral' productivity factor is a factor that does not cause any change in productivity, 
but plays a role if given an impairing or enhancing direction. 

In annex 4.3 there are influencal factors given, that already are found in the literature 
and from a small research of overcosts in the Costa Rican construction industry. 

4.6 Measuring construction productivity 

Fora long time, the construction industry only used Iabour productivity (= SFP) as the 
construction productivity. In the last twenty years, contractors and researchers were 
not pleased with these methods and have searched for new methods. 
In this paragraph some of the methods used worldwide will be discussed. 

4.6.1. Labour productivity 

Going through publications on construction productivity in Developing countries ( and 
Western countries), proves that these are mainly focused on labour-productivity. This 
can be explained by the fact that construction industry is a relative labour-intensive 
industry. These publications aim at making the work of construction labourers more 
efficient. For that purpose the way construction activities are carried out has to be 
observed and analysed. 

Labour productivity is often put forward as representing the total productivity. This 
may lead to misinterpretations if the inputs of other factors are not reflected. Those 
factors may even be the cause of a higher or lower productivity figure, so that at other 
actions/measures may be required than those basedon labour-productivity figures. As 
explained before, it is a fact that construction industry is a relative labour-intensive 
industry. 

When Iabour productivity is used, it is often done in the wrong way. Hendriks (1982) 
write that it is incorrect to use the development of the gross production by Iabour as a 
yardstick for the development of the Iabour productivity on a site. This productivity 
tigure does not make a distinction between the activities in the preceding phase and 
those on the building site. 
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Focusing on Iabour productivity only, has a number of disadvantages: 
- It has the disadvantages ofpartial productivity, mentioned in paragraph 3.2. 
- The fieldwork of Fuentes Molina (1983), Leandro Guzman (1985) and Erkelens 

( 1991) have proved that it is very difficult to make reliable and unbiased 
observations of construction activities. 

- Labour is a very cheap input factor in developing countries. This does not mean that 
this factor should therefore not be used efficiently. However, a more general 
approach towards productivity improvement (which focuses on all input factors) is 
more suitable in this situation. For example, matenals account for 60% of the total 
costs (Leandro, 1994). Their impact on productivity can thus not be neglected. 

Construction Industry Institute (C/I) & Business Roundtable (BR) 
Productivity in the case ofCII and BR means the work-hours per unit ofwork. Several 
different calculations can be made depending upon the time-frame that the data 
represents, i.e. whether productivity is reported daily, over some period of time or 
cumulatively to date. 

D .1 d 
1 
.. ty daily-workhours ar y-pro uc tvt 

daily -quantity 
(4-3) 

Both work-hours and quantities must be charged to the same account. 

P 
.od d . . ty work-hours-charged-per-period 

en -pro uctlw = (4 4) 
Quantities-installed -during-the-period -

The calculation of period productivity is similar to the calculation of daily 
productivity. Typical reporting periods are weekly, biweekly and monthly. Only the 
work-hours charged and the quantities installed during the period are considered. 

- Moving average: 
Moving average calculations are a compromise between daily and period 
calculations. A time frame, n, is selected and productivity over that period is 
calculated using the equation ( 4-4). As the data for another day are collected, the 
current day is deleted. Thus, the calculation always includes the data from the 
previous 'n' days. 

. . . total-work-hours 
Cumulatlve -productlvtty= ( 4-5) 

total-quantities 

Cumulative productivity is a compilation of all of the work-hours charged to an 
account divided by the total quantities installed to date. 

The advantages, disadvantages and uses of each approach are summarized in annex 
4.4. 
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Instituto Tecnológico de Costa Rica (JTCR) 
In the 80's the ITCR had made a start with measuring and calculating productivity. The 
construction department had studied American puhlications ahout productivity. Finally 
they puhlished a method of measuring productivity. Six students in their final year had 
to make a practical workshop of measuring the productivity on a few construction sites 
in Costa Rica. 

The ITCR (Fuentes Molina, 1983; Leandro Guzman, 1985) actually uses the name 
'return on activities' ( rendimiento ): 

x- (t*:/lh) 
I c (4-6) 

Where: ~ == return on every sample 
t == number ofwork-hours 
#h == number of workers 
C = amount of workers executed in time 't' 

Many samples were done hy the students and for getting a total overview they 
calculated the average: 

(4-7) 

n 
Where: X = average return 

n == total of samples 

By ohservation the workers a list of affectations was gathered, with the time 
measurements of those affections. To measure and to calculate with this kind of 
affections, the 'factor of affection' was introduced: 

fa (te* 100) 
(hd-tc) 

Whcre: fa= factor of affection 
te = improductive time 
hd = daily work-hours 

The total factor of affection will he: 
n 

(L.fa) 
FA- i=I 

n 
Where: FA = average factor of affection 

(4-8) 

(4-9) 

Finally it is possihle to calculate the return of all the samples, hy using all the averages 
of return and affection. 

FA 
R=X*(1+-) 

100 
Wherc: R = rendiemiento (hours/m2

) 

In the case of the ITCR the productivity should he: 
1 P=-
R 

Where: P = labour-productivity (m2fhours) 

(4-10) 

(4-11) 
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Universidad de Costa Rica (UCR) 
The only scientific essay ever found about productivity measurement in the Costa 
Rican construction industry was written in 1967; Tecnicas para aumantar la produc
tividad en la Industria de la Construcción of J.A. Gonzalez. This M.Sc-thesis ofthe 
UCR wasbasedon two planning methods: Critica} Path Method (CPM) and Program 
Evaluation andReview Technique (PERT). 

P od t . .ty Production r uc IVI -----
Recoures 

The costs of the construction project are defined as: 

C t 
Resources 

OSS 
Production 

Therefore, the productivity has to be: 

Productivity=-1-=Costs -l 

- materials; Costs Resources: 
- equipment; 
-labour; 
- management. 

(4-12) 

(4-13) 

(4-14) 

Labour and management are measured by time. The man-hours are the productivity 
result. The materials are measured by their weight (kilos). The equipment is measured 
by their speed (km/h). At the end all the averages of the resources are transformed in 
the Costa Rican monetary unit; the colon. The monetary units are counted together 
with the total costs as result. 

4.6.2. Macroeconomie productivity 

The Dutch 'Economisch Instituut Bouwnijverheid' (Economical Construction Institute, 
EIB) has developed an economical model for measuring, calculating and forecasting 
the development of the construction costs together with the Dutch Central Bureau of 
Statistics (CBS). With this measurement the EIB makes an index of the construction 
industry every year. This model tries to make an explanation of the yearly changes in 
the costs of the construction industry, as good as possible; in other words the yearly 
increase of the costs. This economical model wants to prove the correlation between 
the yearly changes ofproduction, volume oflabour, unemployment, intlation and prices 
for materials. The structure ofthe economical model can be findinannex 4.5. 

Changes in volume of Iabour 
The production on the si de is relatively Iabour -intensive and the amount in capital per 
worker is minor compared to other industries. Therefore one can conclude, that there 
has to be a direct relation between volume of Iabour and production. The volume of 
Iabour does not produce. Therefore, the volume of Iabour has to be corrected with the 
working-hours. 
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A 
1 
=total-manyears *productive -hours-per-year *(production -index) (4-15) 

Of 

(A -A) 
tA t+l t *100% 

t A 
t 

(4-16) 

tAt=iJ.Pt -t..WL%H (4-17) 
Where: A = volume of labour in the construction industry 

P = production 
WL% = unemployment in the construction industry (%) 
t= year 

Changes in wages 
There are different ways to measure wages and the costs of wages: 
1. costs of wages per manyear 
2. costs ofwages per productive man-hour 
3. gross earnings per hour 

The "costs of wages per manyear" is the only one that is significantly explicable, 
because of the in:fluence of other variables and the in:flation. Probably concepts 2 and 3 
are influenced by so many factors, by which the role of the intlation is just a trend. 

The amplified and diminishing working of the in:flation can be given in two equations: 

l. tLt=tJt(l-WL%t) 

2. 
The in:fluence of the unemployment is multiplicative. 

tLt=tJt + WL %t 

The in:fluence of the employment is adaptive. 
Where: AL= yearly changes in wages (%) 

Al = yearly changes in the intlation (%) 

(4-18) 

(4-19) 

The first equation deserves the preference, because the variabie t.. I + W L% 1s 
significantly better than WL%· 

Changes in building costs 
Theoretically can be expected that the building costs will be most in:fluenced by the 
development of costs of wages per productive man-hour, because this is most closely 
to the real production. 

(4-20) 

Where: ABK = yearly mutation of building costs 
AM = yearly changes of prices of the materials (%) 
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4. 7 Barriers to monitoring productivity 

Many contractors do not measure or monitor construction productivity (CII, 1988). 
The most common reasons for not doing are: 
- Never monitored productivity before. 

Do not know how to measure productivity. 
Productivity control is a part of a control system, which is too complicated to 
understand and too expensive to implement. 
Productivity cannot be controlled. 
Productivity measurement will not teil me sarnething about my project that I do not 
already know. 

The first two reasons cited are really a reflection of the past. High inflation rates, 
increased project complexity and greater exposure to unforeseen risks have changed 
these situations. Productivity measurements have emerged as an inexpensive way to 
control one ofthe more important contractor risks, namely the craft work-hours. 

Historically, the most widely publicized productivity measurements systems have 
emerged from the heavy industrial and power plant construction sectors ofthe industry. 
Here, productivity control has always been treated as a subset of cost control system. 
Understandably, many contractors have been discouraged by the apparent complexity 
and the prohibitive expense of operating a large, complex cost control system. Until 
now, the prevailing attitude seems to have been that productivity measurement must be 
tied to these types of systems. In reality however, the two functions of productivity 
control and cost control can be separated and in doing so, productivity measurement 
and control can be made simple, inexpensive, effective and timely. 
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Adczquatcz mczthodology of 
productivity mczasurczmcznt 

This chapter will give an adequate methodology of productivity measurement in the 
construction sector of developing countries. The methodology will be a combination of 
the methodologies used in the industrial engineering and in the field of construction 
engineering together with peculiarities of developing countries. 
The methodology does not depend on who takes the initiative. The main actor in the 
measurement of the construction productivity is the contractor of the house or con
struction project. 

In the view of an industrial engineer, a construction project is a production system with 
inputs and an output: 
The production system: 

This system should not be viewed as independent. It is influenced by larger systems: 
the company, sector and country in which it takes place. The influencal factors 
within these larger systems influence the productivity performance of construction 
projects. 

The output: 
The output is a house, which results from transformation of the combined inputs. 
Both the physical and financial aspects of the output are contractual agreed upon 
between elient and contractor and therefore considered as constant during the entire 
project. This means the constructor is not able to change this output, neither quanti
tative nor qualitative. The types of the houses in the developing countries are also 
unlikely to change. There may, of course, be a change in the annual production 
quantities, but consideration the shortcoming of houses in the developing countries, 
there is no reasons for assuming that these forms of output will change in character. 
1t is therefore concluded that the type of amount will remain homogeneous. The 
output will be expressed using square metres of the floor area. 

The input: 
The input comprises all resources directly needed in the realization of the house. 
This includes Iabour, building materials and products, equipment and miscellaneous. 
Since these are different types of inputs, monetary values should be used to aggre
gate them. 
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The construction productivity for a single construction project can be defined as: 

Or 

The ratio of the total square roetres · offloör ar~a'r~alized within 
the available construction period, .divided to thecösts.of all the 
direct inputs used in the same period. 

Text-box 5.1, construction productivity 

Where: PT = total construction productivity of one project 
~ = labour costs during one project 
Ce= deprecation costs ofthe equipment used during one project 
Cr = raw material and purchased parts costs during one project 
cm = other miscellaneous goods and services costs 
~ = total square me tres of floor area. 

(5-1) 

The assumption is made that the real output corresponds fully with the planned ( stan
dard) output. This means the effectiveness of the process is 100%. By using this as
sumption, one knows that this is not the complete truth, but for the simplicity of this 
research this assumption will be used. 
Therefore, the total productivity could also be defined as: 

The degree to · which · the ·inputs are used efficiently · in . the 
realization of a · predetermined output, within the available 
construction period,. 

Text-box 5.2, total productivity in the construction industry 

The effectiveness is notimportant for this research, but it is not to be underestimated! 

It is stated, that 98% of alllow-income houses in developing countries are constructed 
by two methods, see also § 6.4 (HABITAT, 1988; Leandro, 1994): 

- Prefabricate method; 
- concrete block method. 

The construction is determined by the type of building and by the fact that a house is 
build on its own or as a part of a project. Table 5.1 shows which productivities are 
me d · h h · · · d 1 · ntries. asure mte ousmg proJects m eveopmg cou 

11 Project productivity 

Prefabricated Onehouse ... m2/money 

Project ... m2/money 

Concrete block Onehouse ... m2/money 

Pro_ject ... m2/money 
.. 

Table 5.1, Measunng of constructton productlVlty 
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By using the equation (5-1), it is possible to measure and to cernpare the productivity 
of projects and companies in one year. On the other hand it is not possible to draw any 
conclusions over more than one year, because of economical influences like inflation. 
By combining the macroeconomical measure methods ofparagraph 4.6.2. and equation 
(5-1), it is possible to get a measurement method for cernparing the results over more 
than one year. 

The EIB uses the intlation only to calculate the differences in Iabour costs. In 
developing countries it is hard to find the changes in wages and prices of materials. In 
this research the total costs are the costs of the inputs added by the inflation. 

CT=(C1+Ce +Cr +Cm) *(1-tJ../f) 
(5-2) 

The intlation in one year can be calculated, by using the next equation: 

(1-Mt)=(1-/1)*(1-/2)* ....... *(1-/t) (5-3) 

By using the total cost per year one can calculate the total productivity per construction 
project per year. The total productivity per construction project per year will be the 
same as the inverse total costs per square metre of floor area per year (§ 4.6.1 ). The 
equations (4-14), (5-1) and (5-2) are used for the calculation ofthe total productivity 
per construction project per year: 

Rt 1 -1 
TP =-=-=C 2 (5-4) 

pt C C Tm 
T Tm 2 

Where: c; = totallabour costs over year t 
C. = deprecation costs of the equipment used over year t 
Cr = raw material and purchased part's costs over year t 
cm = other miscellaneous goods and services costs 
~ = total square metres of floor area 
~ = intlation rate in year t (%) 
~~ = intlation between year 0 and year t (%) 
CT = total costs in year t 
CTml = total costs per square metre in year t 
TP pt = total productivity per project in year t 

As stated before, the output will be homogeneous, the only way to improve the 
productivity is to decrease the inputs: 

"Output remains constant, input decreases" (see paragraph 3.5.2.) 

The input (the efficiency) ofthe construction processis very important. 
This research also tries to find the environmental influences on the productivity. In that 
way it is possible to improve the productivity. The influencal factors will be used to find 
those influences of the environment. 
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6 
~esearch context: Costa ~ica 

This chapter will be an introduetion to Costa Rica and the Costa Rican construction 
sector. This chapter will prove that Costa Rica is a developing country, with different 
aspects than developed countries, like for example the Netherlands. Costa Rica will be 
presented by some geographical and environmental aspects and institutional aspects, like 
economy, polities, demography, education and health. The Costa Rican construction 
sector will be presented by his characteristics, the production of houses and the low
income houses. 

6.1 Geographical and environmental aspects 

Costa Rica, with an area of 51.100 square kilometres (CIA, 1995), is situated in Central 
America, hordering both the Caribbean Sea and the North Pacific Ocean, between 
Panama and Nicaragua (Ellis, 1975). A series ofvolcanic mountain chain runs from the 
Nicaraguan border in the North-West to the Panamanian border in the South-East, 
splitting the country in two. In the centre of these ranges is a high-altitude plain (500-
2000 M.), with coastallowlands on either side, annex 6.1 gives a map of Costa Rica. 
Over half of the population lives on the central plateau, which has fertile volcanic soils 
(Lonely Planet, 1996). Costa Rica is situated in a seismie zone where light earth 
movements are prevailing. Once or twice a year stronger movement occurs, causing 
heavy damage to buildings and infrastructure (Luft, 1995). 

Costa Rica has modem transport and communication networks, compared to the rest of 
Central America. Highways, with a totallength of35.600 km. (CIA, 1995), link most 
parts of the country, the main traflic route being the Pan-American highway. Two 
railways (total of950 km.; 260 km. electrified), although very old and hardly used, link 
San José with Puntarenas and with Limón (Nijhof, 1993). About 174 airports are 
consisting in Costa Rica. The telephone system consists a very good dornestic telephone 
service, with more than 292.000 telephones (CIA, 1995). International services include 
telegram, facsimile, E-mail, internet-providers and other data-communication systems. 
Annex 6.2 shows the history and annex 6.3 shows more general information. 

Costa Rica is a tropical country and experiences only two seasons: wet and dry. The dry 
season is generally between late December and April and the wet season lasts the rest of 
the year. The Caribbean coast tends to be wet all year. Temperatures vary little between 
seasons; the main in:fluence on temperature is the altitude. The humidity at low altitudes 
can be oppressive (Lonely Planet, 1996). 
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6.2 Institutional aspects 

This paragraph will prove that Costa Rica is a developing country. By using different 
institutional aspects, like economy, demography, polities, education and health of Costa 
Rica comparing with the minimum, average and maximum of those aspects of all 
developing countries, such as defined by the United Nations and the World Bank 

In table 6.1 different institutional aspects are presented. Every aspect has two or three 
variables for comparisation. In the fi.rst column the institutional aspects and their variables 
are presented. The next column presents the values of Costa Rica in 1995 followed by 
three columns ofvalues of all the developing countries (their minimum, maximum and the 
average). Inthelast column the values ofthe Netherlands (1995) are presented, so one 
can see the difference between a developing country and a developed country. In annex 
6.4 more figures about the different institutional aspects are presented. 

I 
Costa 
Rica 

Economy 

GDPp.c ($) 1,880 

Growth(%) 2.55 

Inflation (%) 22.60 

Politics 

Poverty (%) 21.00 

liDI 0.883 

Demography 

Birth rate (per 1,000) 24.80 

Life expectancy (years) 76.80 

Popu1ation growth (%) 3.20 

Education 

Govern. expenses(~o) 5.00 

Mean years of schooling 5.70 

Hea1th 

Govern.expenses(%) 5.00 

Access to safe water(%) 92.00 

Table 6.1, Instttubonal aspectsof 1995 
(Source: PEN 1&2, 1996; WB, 1996) 

',,,, ',,'' ', ""''''' 
, ,. , ,,, • ~'\'~lopingç91W:fPes Netherlands 

milimrillll m~t.xiïriüfu , average 

80 18,430 770 13,351 

-2.70 9.90 2.90 1.30 

-6.60 391.90 24.50 1.90 

15.00 91.00 34.00 

0.052 0.982 0.968 

33.00 13.00 

42.00 77.30 62.80 79.50 

0.30 10.00 2.30 0.90 

0.20 10.10 1.40 6.80 

0.10 7.80 3.60 10.6 

0.20 5.70 1.40 8.50 

12.00 100.00 68.00 100.00 
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From table 6.1 it is clear that Costa Rica is a developing country. Costa Rica is not a 
typical poor developing country~ every value of Costa Rica is always better than the 
averages of all the developing countries. Still, the val u es are in most cases far away from 
the values of a developed country like the Netherlands. By doing a research in a 
developing country like Co sta Rica, the results of these institutional aspects have to be 
taken into account. There is a clear difference between doing a research in the 
Netherlands and doing a research in Costa Rica. 

6.3 Costa Rican construction sector 

T o get a better overview of the sector one is dealing with, a sector study can be made. 
This sector study describes the trends of the past years and the production of houses. 

6.3.1 Major characteristics 

Costa Rica is a developing country which implies that the construction industry occupies 
a predominant place in the economy (Corrales, 1978). Now Costa Rica is in an 
economical crisis. The construction industry represents just 3. 4 % of the GDP. Still, the 
construction sector is very important for this country. See also graph 6.1 (CCC, 1996). 

Before one design, develop and/or constrocts a building in Costa Rica, it is important to 
know the different factors, which have an effect on the construction ofbuildings, like the 
climate, natural disasters, law, regulations, etcetera. 

Costa Rica is divided in different regions, with different climates, types of soils and 
terrains. It is not possible to build one type of house for every region. For example, at 
both coasts it is much hotter than at the central valley. 
In Co sta Rica, there are different kinds of natural disaster, like little shivers of the earth 
and earthquakes, volcanos, instabie mountainsides, tropical rains, hurricanes, etcetera. 
The earthquakes and tropical rains come within regular times. The Hurricane Cesar, in 
the month of July 1996, was responsible for destroying 1.546 houses, 56 schools, 6 
hospitals and the only highway to Panama (La Nación, 29-06-1996). 
Annex 6. 5 gives a total view of the Co sta Rican construction sector from 1980 until 
1995. 
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Graph 6.1 shows the growth 
of the Producto Intemo 
Bruto (PIB), the growth of 
the construction sector and 
the share of the construction 
sector to the PIB. 

In the 15 years from 1981 to 
1995 the share of the 
construction industry has 
decreased 2.87%, but at the 
moment the PIB starts to 
grow above zero, the share 
stahilizes for the rest of the 
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years. Between 1983 and Graph 6.1: PIB vs construction (1980-1995) 
1995 the share decreases just csource: ccc, 1995; MIDEPLAN, 1995; BCCR, 1996) 

0.37%. So one can say that 
the share of the construction sector to the PIB is constant around the 3.5%. The 
construction sector suffers always when the economy is in a crisis (BCCR, 1996; CCC, 
1995). 

Like the share of the construction industry to the PIB, the imports of construction 
material also have a stabie share to the total; an average of3.5%. The same condusion 
can be drawn down: The huge fluctuations of the growth of the total imports and the 
growth of the imports of construction materials do not influence the share of the 
construction sector to the total (Buis, 1996). 
Major imports of construction materials are steel and/or iron for tubes, rods, taps, locks, 
etcetera. Most ofthe sanitary products arealso imported. The United Statesof America 
are major exporters of construction material to Costa Rica. 

The growth of the employees in the construction sector follows the growth of the 
construction sector. The growth of the total employment numbers in the construction 
sector does not follow the fluctuation of the total growth of employed people. As stated 
in paragraph 4.2, the construction industry is very labour-intensive. More than 6% of all 
workers are workingin the construction industry. The construction sector has many 
forward and backward linkages to the industry and to the commerce. It is estimated that 
on one direct worker in the construction industry, there are 1.5 workers in the periphery 
ofthe construction sector (CCC, 1996). 

There is another major difference between the total working population and the amount 
of workers in the construction industry: almost 1. 5% of the workers in the construction 
industry are women. This is twenty times lower than the share of women in the total 
working population. 
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6.3.2 Production of houses 

More than 70% of all 
construction work are houses 
(annex 6.5). There is a need for 
28.000 new houses each year, to 
decrease the actual shortage of 
158.048 houses (MIVAH, 
1994). Annex 6.6 shows the 
amount of houses constructed 
between 1963 and 1993. Annex 
6. 7 gives the calculations and an 
estimate of the shortcoming of 
houses between 1984 and 2000. 

1000000 -,---------ol-egen-d;----,-- ---- -----------

800000 

• Lack of houses 

11 Unfivable houses 

8lJ Defectivohouses r--------=--11---

600000 +--0--=-Adequa---te houses------· I ~ 1------11%':'cHC~,; J 
-

00 ! ~ 11 ~ / ~ t -i rJ 

. 

Year 

The shortcoming presented in 
graph 6.2 can be calculated by Graph 6.2: Shortcoming in houses (1984-1995) 

(Sourcc: MIV AH, 1994) 

the next formulas: 
Existing houses 
Lack of houses 
Shortcoming 

= adequate houses + defective houses + unlivable houses; 
= needed houses - existing houses; 
= lack of houses + unlivable houses. 

In 1995 Costa Rica had a total of 624,866 houses, with an average of 4.1 persons per 
house. Ofthose, 330,833 houses are in urban areas and 380,694 houses in rural areas; 
forty-five percent ofthe total population livesin urban areas (PEN, 1995; DGEC, 1996). 
Costa Rica has an urban growth of 6% a year (PC-Globe, 1990). 
There are 650,803 Costa Ricans without owning a house. This is 21.2% ofthe total 
population (Consejo Centroamericano de Vivienda, 1992). Circa 0.3 % of the total 
population are wanderers and 1.8% livesin shanty-towns (2.1% = 10.500 houses). 
From the total of houses in Costa Rica, 93.9 % has access to drinkable water and almost 
100% have sanitation facility; 23% via underground canals and 76% with a septic tank 
or latrine (AyA, 1990; PEN, 1995). 

Compared to other developing countries and especially the surrounding countries in 
central America, Costa Rica is doing a good job. Still, Costa Rica has to do some work 
for improving the values and increasing the standard ofliving. 

In 1994 the MIV AH had made four hypotheses of which already three hypotheses are 
looking better than the actual situation in 1996. In the future Costa Rica will have a real 
problem of giving their citizen a house. The population is still growing fast (3.2%) 
compared to other countries. The Costa Rican citizen can buy a house at the moment that 
the national economy is growing equal or faster than the population growth. 

Application of the methodology 52 



Research context: Costa Rica 

The initiative for the construction of houses can be divided into four different groups: 
1. Governmental projects; 
2. Non Govemmental Organizations; 
3. Private organizations or contractors; 
4. Private houses. 

1. Government housing projects 
The houses constructed by governmental organizations, like the 'Instituto Nacional de 
Vivienda y Urbanismo' (INVU) and the 'Instituto Mixtode Ayunda Social' (IMAS), lead 
in generalto public legislation of house, by the 'Ministerio de Vivienda y Asentamientos 
Humanos' (MIV AH). This is an advantage for the contractors and the use of economie 
resources. 

2. Non Gaveromental Organizations (NGO) 
The majority ofthe foundation oflow-income housing comes from the NGO's (Derks, 
1995). These NGO's have an amount of construction projects through the whole 
country. 

3. Private organizations or constructars 
In the most cases the houses constructed by private organizations, are build in series with 
partial use of resources; like prefabricated walls and roofs. In most cases the building 
contractor himself will sell the houses. 

4. Private houses 
The construction of a private house is a method, which is very common in Costa Rica. 
A lot is sold by a person and the owner got the freedom to build a house as they please, 
within the border of the owners financial power. In the construction of private houses 
there are three different ways ofbuilding. 
1. By professionals 

The owner engages the service of a professional engineer and architect. They are 
responsible for the design and development of the house. They are doing an inspeetion 
on the building-site, once a week. They act on the behalf ofthe owner. 

2. By building-contractors with practical experience 
The owner engages a building contractor with many practical experiences in the field 
of construction. He is responsible for the construction on the site. Although there are 
persons with an excellence know-how, the majority does not have the technica! know 
how and the knowledge of administration. He is trying to cover the present 
imperfection with a curriculum of various practical years. 

3. By self-help 
The poor of Costa Rica are building their house by their self Sometimes they have a 
property, but most ofthe times they buildon public ground. Like in other developing 
countries the house is in an area with other self-build houses. It is not as in other 
developing countries, which these are shanty-towns, without any facility. Most ofthe 
self-help areas do have electricity, water and sanitation. 
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6.4 Costa Rican low-income housing 

More then 55% ofthe total population are living in low-income houses. Most ofthose 
inhabitants are unemployed or earning not enough money for buying a house in a higher 
class. The average ofnumber of persons per house in Costa Rica is 4.1 (§ 6.4.2). This 
average is higher in the group oflow-income houses; 4.7 persons per house. 
In 1985 the average floor area was 3.65 m2 per person (IMAS, 1985). At this moment 
the minimum ofthe floor area is 7.65 m2 per person, this is almost the same as the world 
average of 9 to I 0 m2 per person. 
The minimum floor-area of a low-income house in Costa Rica has to be 36m2 (7.65 m2 

* 4.7 persons per house). The maximum floor-area of a low-income house is stated by 
the government on 60m2

, which can handle 8 persons. 

The Costa Rican construction sector uses several materials for building a low-income 
house: Concrete blocks, Prefabricate (PC), Zitro and Bamboo. The researches of Jacobs 
( 1994) and Derks ( 1996) have proved that 98% of all materials are concrete blocks and 
prefabricated materials. The concrete blocks still have the highest market share. 

For the low-income group, there is a special souree offinancing their houses. This souree 
is called 'Sistema Financiero Nacional de la Vivienda' (SFNV). Within this system, there 
are national banks, mutuales and other financial institutions (BANHVI, 1994). Annex 6.8 
will give the complete list of entities, which are working within the system. 

There are some differences between the mutuales, the financing institutions and the 
national banks, by giving a mortgage for building a low-income house or houses. To 
overcome those differences the 'Banco Hipotecario de la Vivienda' (BANHVI) was 
established. The BANHVI regulates the mortgage that has to be paid by the different 
entities. The entities are operating on the behalf ofthe BANHVI. The BANRVI has two 
finance systems: the FOSUVI and the FONA VI. 

Fondo Subsidiado de la Vivienda (FOSUVI): 
It gives a bonus (Bono Familiar) to the people who cannot effort a house and are not 
able to buy their own house within the next 10 years. lt's a free bonus. 

Fondo Nacional de la Vivienda (FONAVI): 
This fund gives a mortgage to the families with a low-income. The interest of the 
mortgage will be paid by the government. 

The amount of a free bonus or the amount of a mortgage depends on the income of the 
family. The reference the BANHVI uses is: No family has to pay more than 30% of their 
iocome to the mortgage. The BANHVI noted in 1995 that the request to the Bono has 
dropped with 44,2% from 16,848 in 1993 to 9,397 in 1994 and had climbed a little to 
10,579 in 1995. This means that the low-income groups are not able, even with the Bono, 
to buy a house. In 1994 and also in 1995, they build less low-income houses as in the 
years before. 
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Results of the measurement 

This chapter contains the calculations of the ( standard) productivity in the Costa Rican 
low-income housing projects and the most important intluencal factors ofthe external 
environment. This chapter is divided into two parts. The first part, the largest one, will 
calculate the standard productivity and compare this standard with the results coming 
from the questionnaire. The second part gives the most important intluencal factors that 
have a high chance on intluencing the productivity of the Costa Rican construction 
sector. 

7.1 The productivity results in the Costa Rican low-income housing projects 

This paragraph will deal with the productivity calculations. First the standard productivity 
will be calculated, foliowed by the productivity calculations of the projects coming from 
the questionnaires. Finally, the results of the questionnaires will be compared with the 
standard and the efficiency and the performance will be measured. 

7 .1. 1 Standard productivity calculations 

Due to the low response on the questionnaires (§ 2.2) 23 projects of the CIVCO-research 
will be used as a standard for the measurements. This will give an answer to research
question 3: 'What wil/ be the average productivity of a law-ineome housing project?' 

Annex 7.1, pages 1 to 8, gives the spreadsheets with the results of 23 projects. Page 9 
of annex 7.1 gives an overview of all23 projects and their major indicators. As promised 
in chapter 5, a distinction is made between types of houses (concrete blocks and 
prefabricate) and whether a house is built on its own or as a part of a larger project (see, 
table 5.1). 

From the 23 projects, two projects only constructed one house and both were made of 
concrete blocks (mamposteria). Not one project of only one house is using prefabricated 
materials, probably because it is too expensive for just one house. Ten projects are using 
concrete blocks and the lasteleven projects are using prefabricated materials. Table 7.1 
will give the productivity of the 23 different projects before and when necessary after 
recalculation by the intlation (annex 7.2 gives the intlation figures ofCosta Rica, which 
are necessary for the calculations). 
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J ·•·. 
C<>ncrete blocks I·· . .:• +:•···· Prefabricate 

H<>usil1g project Onehouse Housing p.-oject Oneh<>use 

before aft er before aft er before .··· a:fter before aft er 

1 0.057 13 0.072 

2 0.054 0.063 14 0.060 

3 0.076 15 0.066 

4 0.054 16 0.040 

5 0.061 17 0.038 

6 0.045 18 0.048 0.053 

7 0.036 19 0.054 

8 0.034 0.046 20 0.083 

9 0.034 0.047 21 0.089 

10 0.042 22 0.067 0.073 

11 0.052 23 0.056 

12 0.069 
.. 

Tab1e 7.1, ProductlVlty (m2
/ 1,000 lt) before and a:fter recalculatlon ofthe inflatmn (1992 = bas1s) 

The averages of the different inputs, output and the productivity per system of 
construction and the number of houses are the input of SPSS. Those results are put 
together in table 7.2. Projects with one house and concrete blocks have no 5% trim of 
the average, because two projects are too less for calculating . 

• 

Concrete blocks . Prefabricate 
. ... 

............... 

Onehouse Housing project .. 
·. :. . ... 

5% ·.· . 
. ·.···· mean I . :wean mean 5% 

· .... 

Labour cost (lt) 1,625 1,977 2,024 1,271 1,269 

Material cost ( e) 16,726 14,158 14,000 13,044 12,925 

Equipment cost (lt) 508 714 711 695 658 

Miscellaneous (lt) 2,541 2,217 2,143 2,131 2,190 

T otal cost per square metre ( e) 21,251 19,066 18,902 17,142 16,976 

Price per house (lt) 1,166,985 848,382 843,327 718,632 696,696 

I Productivit,r {m2
/ 1 ~~~ct} I 0.047 I 0.055 I 0.055 I 0.063 I 0.063 I 

Table 7.2, Average productivity per system of construction and per number of houses 
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SPSS calculate two kinds of averages: one real average and one of 5% trim (annex 7.3 
explains the 5% trim used in this research and annex 7.4 gives the SPSS output), what 
means the five percent highest and the five percent lowest results are deleted in the 
calculation ofthe average (= 10% span ofmistakes). The means presented in table 7.2 
are the averages of each variable. When adding up all the input costs, it will not get the 
total oost per square metre. Even so, when using equation (5-4), the productivity is not 
the inverse of the total cost per square metre. The standards are higher or lower then the 
calculated averages in annex 7. 1, page 9. The average of the Iabour co st and the 
equipment co st are too low and the averages of the material cost, miscellaneous cost, 
total cost per square metre and the productivity are too high. The figures presented in 
table 7. 4 are an indication of the standards, within this research the indication of the 
standard will he used. For achieving the standard it is better to have a higher standard. 

As can he expected, the projects with more then one house and prefabricated materials 
have the highest productivity rate and the projects with just one house and concrete 
blocks, the lowest. By drawing the conclusions in the next paragraphs about the 
productivity measurement, the outcome of the two projects of just one house, will he 
skipped. Two projects won't tell anything about the average productivity. 

The best results of the averages are given by the 5% trim, because the outliers are deleted 
and this gives the most accurate average. When one takes a good look at the results of 
the projects of concrete blocks and those of prefabricated materials, the averages are 
almost the same, especially in the cost of materials; there where it was expected that 
prefabricated materials are more expensive. The major ditTerenee is the co st of Iabour per 
square metre. The most cheap and efficient way of building low-income houses is by 
using prefabricated systems. 

The figures ofthe 5% trim ofthe average given in table 7.2 will heusedas a standard 
with which other projects can he compared. In the next section the data given by the 
questionnaire will he compared with the achieved standards. 

7 .1.2 Productivity out of the questionnaires 

As mentioned before (§ 2.2), only four filled-in questionnaires were brought back. The 
results are four different projects; one project of houses constructed by concrete blocks, 
one project of one house also constructed by concrete blocks and two projects of houses 
constructed by prefabricated materials. Annex 7.1, pages 10 to 12, presents the different 
projects and page 13 of annex 7.1 gives the total overview. The floor-area of a low
income house in Costa Rica is between 36 and 60 square metres. One (102-3) project is 
above the 60 m2 and is of another category. 

Like table 7. 1, table 7. 3 will also give the results of the productivity before and aft er 
recalculation ofthe inflation. As mentioned in annex 7.2 the year 1992 is year 0. In annex 
7.1 and 7.2 the intlation rates over the years are shown. 
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Concret~ blocks Pr~fabricate ' 

Housing project Onehouse Housing project Onehousc 

before after · ·· before I ä:fter before aft er before aft er .·. 

102-3 0.015 0.030 101-1 0.017 0.031 

103-1 0.027 0.055 102-1 0.030 0.061 
.. 

Table 7.3, Productmty (m2
/ 1,000 ct)ofthe measured projects before and after recalculatlon ofthe inflation 

The projects of prefabricated houses are one of the low-income housing projects. The 
productivity of the projects is lower then the standard productivity measured in the 
foregoing section. The influence of the intlation has become very important over the 
years. The projects of 1996 have a more then 50% higher productivity then the one 
measured without the recalculation of the inflation. 

Project 101-1 has one ofthe most worse productivity ofalllow-income housing projects. 
The questionnaire was filled in during an appointment visit, only four times the project 
leader looked in his documentation, the rest was coming from his memory. Keep also in 
mind that the project was more than 2 years ago. It is for sure that the quality of the 
obtained data of project 101-1 is very low. Project 102-3 will not be compared with the 
standard, because of the floor area larger than 60 m2

. 

Table 7.4 gives the averages ofprojects 102-1 and 103-1 compared to the standards from 
section 7.1.1. Those two projects are the most accurate for comparing. 

Prefl!bricate '' 

Labour oost per m2 (ct) 5,152 1,977 3.574 1,271 

Material oost per m2 (ct) 10,826 14,157 10,083 12,925 

Equipment cost per m2 (ct) 2,309 711 1,149 658 

Miscellaneous oost per m2 (ct) 0 2,143 1,532 2,190 

Total oost per m2 (input) (rt) 18,287 18,902 16,337 16,976 

Price ofhouse (ct) 1,280,106 843,327 620,800 696,696 

0.055 0.055 0.061 0.063 

Table 7 .4, Differences between measured proJects and standards 

Looking at the most import variable, the productivity, the difference is trifling. Bothare 
lower then the standards, but only a little. The most important condusion is: 'the total 
costs per square metre ofthe projectsin 1996 are lower then the standard'. This means 
that one can produce more for less money. 
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The biggest differences in table 7.4 can beseen in the values ofthe inputs. Probably, in 
the projects used by CIVCO, a lot oflabour costs were added to the material costs, also 
much of the cost on equipment was added to the miscellaneous costs. F or getting a better 
standard a group oflabour and material costs is formed and is called group 1 and the two 
other inputs are called group 2. Table 7.5 shows the added results ofthose mentioned 
groups. The quality of the data will not improve with this kind of actions, but for 
calculating the coherence between the input( s) and the output ( § 7. 1.4) it is very 
important to have an uniformity. 

I 
' ,, '"' 

Concrete blocks Prefabric1ltë 

103-1 Standard 102-1 Standard 

Labour and material (group I) 15,978 16,134 13,657 14,196 

Equipment and miscellaneous (group 2) 2,309 2,854 2,681 2,848 

Table 7 .5, Averages of groups of mputs 

7. 1. 3 The performance ra te 

By using the equations of annex 3 one can calculate the integral performance rate of each 
project. Paragraph 3.4 describes the use of the performance rate. With the help of the 
performance rate one can control the production system. The performance rate can be 
calculated by (3-1-5): 

Of (3-1-6): 

actual-productivity 
The -performance -rate=---~---.!:..-

standard-productivity 

The-performance-rate =efficiency *effectiveness 

Figure 3.2, on page 27, gives an overview of the relations between input, output, 
efficiency, effectiveness, productivity and rate of performance. The efficiency can be 
calculated with the equation (3-1-3): 

Eèfji . standard-input 
~Jzczency=----....,:._-

actual-input 

Table 7. 6 gives the performance rate, efficiency and the effectiveness of project 102-1 
and 103-1. Using the results oftable 7.4 and the above standing equations the different 
rates can be calculated ( calculated output), but in chapter 5 it is assumed that the output 
won't change over the time(= standard output in table 7.6). 
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·:c 
Concrete l>locks {103~1) • •....... Prd'abricate ( 102-1) 

.. <···············. ···.~:-:-
calculated .·. . stat1dllrd •.• . .... 

output ·. .. . .. outp~t 
calCuïated standard 

output output 

Efficiency 1.03 1.00 1.03 0.97 

Effectiveness 0.97 1.00 0.94 1.00 

Rate of performance 1.00 1.00 0.97 0.97 

Table 7 .6, rate of performance, efficiency and effectiveness 

The effectiveness and the rate of performance in table 7. 6 show that the projects have 
become a little worse, but the efficiency of the projects, in most cases, is better. The 
inputs are used in a more optima} way. Having a higher efficiency rate than '1', means 
that the standard has to be adjusted. Using one project for adjusting the standard is not 
enough. The figures in table 7. 6 are an indication of the results in 1996 compared with 
the standard coming from the projects between 1992 and 1994. When the output is 
homogeneous, project 103-1 is equal to the standard and project 102-1 has even a little 
worse result. 

The most important thing that can be concluded from the figures, is that the results of the 
projectsin 1996 are almost the same as those from 1992 and 1994. In the past three years 
there has been no improvement in the construction process. The construction process 
gives exactly the same result as three years ago. 

7. 1. 4 Coherence between the different inputs and the productivity 

In this section a rough indication of the coherence between the different inputs and the 
productivity will be calculated. The different inputs are the independent variables and the 
productivity will be the dependent variable. To come to the final equation about the 
correlation, one has to take several steps: 

1. Normal distribution of all the variables. 
2. Scatter-plot 
3. Hypotheses. 
4. Correlation analyses. 
5. Regression analyses. 

In annex 2.9 the several steps are explained by their theory and insome cases examples 
are given. The annex es 7. 4 to 7. 7 will give the output of SPS S by calculating the different 
steps. 

1. Normal distribution of all variables 
Looking to the figures of the stem-and-leaf plots in annex 7. 4 most of the variables 
do have a normal distribution. Only the cost of equipment and the miscellaneous co st 
have outliers. Both have their outliers at the pre-fabricated projects. 
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2. Scatter-plots 
A scatter-plot gives information about the coherence between vanables. Every 
scatter-plot shows the coherence between two vanables, one on the horizontal axis 
and the other on the vertical axis. 

Out of the scatter plots of annex 7. 5 can be concluded that the following inputs or 
combination of inputs can have a co herenee with the productivity: 
- the total pnce of the house; 
- Iabour cost per square metre; 
- co st of matenals per square metre; 
- equipment cost per square metre; 
- group 1 (Iabour costand costof matenals per square metre). 

3. Hypotheses 
Each one of the five undemeath mentioned hypotheses will be represented as a zero
hypothesis (Ifo). Every hypothesis needs his opposite by testing ifthe hypothesis is 
correct. The alternative hypothesis (H1) will be the reverse of the Ifo. 

1. productivity depends on the total pnce of the house; 
2. productivity depends on the Iabour ooSt per square.metre~ 
3. productivity depends. on the costof materials per ·square 

metre; 
4: productivity depends on the equipment casts per square 

m~re; 

5: pfoductivity depetl.ds on group 1, which represent the:total 
value ofthe Jabour cósts and the oost of matenals per 
square metre. 

Text-box 7.1, Hypotheses 

4. Correlation analyses 
The most important value in annex 7.6 is the P-value ofthe t-test. Ifthe P-value is 
higher then 0,05, the Ho has to be rejected. In other words, the hypothesis is wrong. 
Looking through the three pages of annex 7. 6, the next condusion can be made: 

The productivity of all the projects, the projects with concrete blocks and the 
projects with pre-fabricated matenals, has a correlation with the total pnce of 
house, Iabour casts, cost of matenals and the combined cost of Iabour and 
matenals. 
The productivity of the projects with concr~e blocks has also a correlation with 
the equipment costs. 

5. Regression analyses 
The regression analysis will be used to estimate the linear conneetion between the 
dependent variabie and independent vanable(s) (see annex 7.7). 
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In paragraph 7 .1.2 it is concluded that it is not possible in this research to calculate with 
the Iabour costs and the co st of materials separated. Both costs are added together as 
group 1. The same condusion has been drawn for the equipment costs and the 
miscellaneous costs; added together as group 2. Only group 1 and their costs have proved 
that they have a coherence with the productivity. By concluding this, the first four 
hypotheses are rejected and only hypothesis 5 will be used for calculating the regression. 

Housing projects with concrete blocks: 
------------------ V ariables in the Equation ------------------

Variabie 
GROUP1 
(Constant) 

B 
-2.81363E-06 

.100454 

The regression-equation will be: 

SEB 
3.1729E-07 

.005274 

Bet a 
-.952711 

Productivity=O.l0-(2.81 *10-6 *Group1) 
In other words: 

Productivity=O.l0-(2.81 * 10-6[(C1+C)*(1-8/t)]) 

Housing projects with pre-fabricated materials: 
------------------ V ariables in the Equation ------------------

Variabie 
GROUP1 
(Constant) 

B 
-3.44731E-06 

.112559 

The regression-equation will be: 

SEB 
3.5375E-07 

.005277 

Beta 
-.955736 

Productivity=0.11-(3.45 * 10-6 *Group1) 
In other words: 

Productivity=0.11-(3.45 * 10-6[(C1+C)*(l-.1/t)]) 

T 
-8.868 
19.045 

T 
-9.745 
21.332 

SigT 
.0000 
.0000 

SigT 
.0000 
.0000 

(7-1) 

(7-2) 

(7-3) 

(7-4) 

By just knowing the labour co st ( C1), co st of materials (Cr) and the inflation ra te (It) over 
the years, one can roughly calculate (= predict) the productivity ofthe project. The Iabour 
oost and the co st of matenals are the most accessible values in a project documentation. 

7.2 Influences of the extemal environment 

To improve the efficiency(= input) of a production process, one has to have insight into 
the precise circumstances under which the process took place. Each production process 
is part of a certain operating environment (fig. 3.1 ). 
Several authors have acknowledged that the inputs of a production process are influenced 
by factors from this environment. Such factors are called 'influencal factors'. 

One has to understand the actions of these factors to be able to effectively control them. 
Effective control of the influencal factors will result in an efficient use of resources. 
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Increased efficiency leads to increased productivity. Evaluation of the data coming from 
this research should indicate the areas where impravement is possible. 

The results are, like in paragraph 7.1, poor. The number of questionnaires which came 
back are not sufficient to do a scientific research. The only thing which can be done with 
the data obtained from the questionnaires is to give an indication of which of the influencal 
factors have a high chance to influence the productivity. Annex 7.8 shows the results of 
the different influencal factors and the frequency-distribution of the answers. 

The most important influencal factors are those who have for more than 80% a 'yes' as 
an answer. The best are of course, those where the answers are always 'yes'. Like in 
paragraph 4. 5 the influencal factors are divided into the Multi-influencal factors and the 
Single-influencal factors. Eleven influencal factors that can have a high chance on 
influencing the productivity of the Costa Rican low-income housing sector are stated 
below. 

Multi-productivity factors: 
Bureaucracy (GOl)): 

Doing your business with the governmental institutes is time consuming. T oo many 
people have to take decisions and have to sign the right documents. 

Selection ofland (G02): 
This influences mainly the urbanization of the site; the preparatory work. By using 
a hilly site one has to take more care ofthe basis (foundation) ofthe building. 

Unavailability of infrastructure ( G04 ): 
This has mainly an impact on the delivery of building materials and equipment to the 
site. If there is no water for making cement, the construction process will stop. 

Low income level (G13): 
A low income level doesn't leave much money to save for a house. It takes therefore 
more time to buy or to rent a house. The projects are building fewer houses in one 
time and will build the rest in another period, when there is more money available. 

Vague increase ofcost (G19): 
Costa Rica is suffering from a huge decline in the national economy. Everything 
becomes more expensive also the building materials. The salaries of the employees 
have to increase also to be capable ofbuying the increased products. 

Single-productivity factors: 
Highcostof building materials (M03): 

The high cost of building materials might influence the total building costs. Due to 
this people may tend to postpone purchasing certain materials, buy lower quality at 
lower prices and buy less in quantity or just enough, no reserve. 

Delays result from no materials (MlO): 
In different ways there are delays by having no materials at that moment, when they 
are needed. This won't be a problem in every case, some times one can do something 
else. Most of the times one has to do that part of the construction at that moment, 
otherwise it is not possible to construct a house. 

Application of the methodology 63 



Results of the measurement 

Lack of information on new techniques (M17): 
The two information sourees in Costa Rica for giving information on new techniques 
are the educational institutes (UCR & ITCR) and the Camera Costarricense de 
Construcción (CCC). 

Limited technology innovations (Ml8): 
In whole Costa Rica there are three research institutes for the construction industry. 
Most of the contractors or the material suppliers do not have a research and 
development department 

Wrong tools are used (E03): 
A hammer is for hitting a nail into wood, not for getting a screw into iron. This is just 
an example, but most of the employees don't know which tooi has to be used in 
which case. 

Wear and tear of equipment (E04): 
Contractors are losing time and money, by the non availability ofthe equipment or 
by breaking down of the equipment. 

The problems found in the eleven factors can he divided into two main groups: education 
problems and information problems. The institutes that can solve this kind of problems 
can be divided into three groups: Costa Rican government ( + universities ), company 
management (contractors) and the two branch institutes (Cámera Costarricense de 
Construcción and the Colegio Federado deIngenieros y de Arquitectos de Costa Rica). 
Table 7.7 gives theeleven factors, their main problem and the institute(s) that can solve 
the problem. 

I 
. .•. ·. ;M~ problem 

··.· .; .... 
lnstitutes .. 

êducation information govem. rontractor i•·· ccc 
Bureaucracy ** ** 

Selection of land ** ** ** 

Unavailability of infrastructure ** ** 

Low-income level ** ** 

Vague increase of cost ** ** ** 

High cost of building materials ** ** ** 

Delays from no materials ** ** 

Lack of information ** ** 

Limited technology innovation ** ** ** ** 

Wrong tools are used ** ** ** 

Wear and tear of equipment ** ** 
Table 7. 7, Eleven influencal factors 
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The above-mentioned eleven influencal factors are said to influence the productivity of the 
Costa Rican low-income housing sector. In the same way there are some influencal factors 
that are said never to influence the productivity. The summary of those factors (3) is given 
below. 

Honorarium of consultancy (G08): 
The payments of the engineers and those of the architects won't influence the 
productivity of the construction project. Most of the time those honorariums are 
standard or related to the total cost of the project. 

Under the supervision of ........ ( G 14): 
Every construction project is under the supervision of the contractor himself Non 
of the Bono entities has an influence on the construction of the houses. 

Too much Bono familiar (G37): 
The bono familiaris not given to the contractors, but to the families (see § 6.5). The 
bono is related to the income of the families. There is rather less Bono familiar then 
too much. One of the productivity factors that has a high chance of influencing the 
productivity is the low income level, this implies that the people need more Bono 
instead of having too much. 

When looking to the answers ofthe research group and those ofthe expert group, most 
of the time there is hardly any difference between the outcome of those two groups. Only 
at the Iabour influencal factors there are some typical differences. The four researchers of 
CIVCO gave the opposite answer than the three contractors. The experience of the 
contactars with hired Iabour is different from the theoretica! thinking of the researchers 
ofCIVCO. 

Finally, it has to be said, that the factors coming from this research with a high chance of 
influencing the productivity, are the major ones. By extending this research with more 
interviews it is possible to identifY more factors that have an influence on the productivity. 
The el even factors found in this research can be the basis for improving the productivity, 
by trying to improve that special situation. After adapting the improvements one can 
measure the productivity again by showing the increase in productivity and if the 
impravement which has been made is the right improvement. Like Sumanth had said by 
descrihing his productivity cycle (§ 3. 5.1 ). After the impravement one can start again with 
finding those factors which influence the productivity, cycle after cycle. 
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8 
Final conclasions 

Based on the research-questions and the aims of this research, a number of conclusions 
can be made on the productivity in the Costa Rican low-income housing projects, the 
influences of the extemal environmental factors on the productivity and the used 
methodology. Therefore, the conclusions are divided into four parts. The fi.rst part will 
give the major characteristics ofthe Costa Rican construction sector. The second part will 
give the results of the measurements. The third part deals with the possible factors that 
can improve the productivity and the last part will give the results on the used 
methodology. The conclusions of every part are divided into different points of attention. 
Every point of attention represents one condusion made in this research. 

<D Characteristics of the Co sta Rican construction sector: 

0 Using the institutional aspects of Costa Rica, the developing countries and the 
Netherlands, it has been proved that Costa Rica is a developing country. The way 
of doing a research in Costa Rica is different from one in the Netherlands. 
(§ 6.2) 

@ Even with govemmental actions the shortcoming of houses is increasing each year. 
(§ 6.3.2) 

fD The minimum floor-area of a low-income house in Costa Rica has to be 36m2
. The 

maximum floor-area of a low-income house is stated by the govemment at 60 m2
. 

(§ 6.4) 

0 The Costa Rican low-income housing projects are divided into four different 
groups. The distinction is made between types of houses (concrete blocks and 
prefabricate) and whether a house is built on its own or as a part of a larger project. 
(chapter 5) 

® Results of the measurements: 

0 Due to the low response on the questionnaires, the results in this research are an 
indication of the actual value and can therefore not be generalised to the total Co sta 
Rican low-income housing sector. 
The non-availability of project documentation of the contractors is the main reason 
for not-filling in the questionnaire. 
(§ 2.2.2) 
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@A. d" n m teatiOn o t e stan ar pro ucttvtty ca cu ate m t ts researc : fh d d d I I d. h" h 
... 

I 
Concrete blooks Prefabricate . .• 

onehouse housing onehouse housing 
(indication) proj<:et project 

11 Productivity (m'l,,ooo e) 0.047 0.055 xxxx 0.063 
(§ 7.1.1, table 7.2) 

8l Projects of low-income houses build by prefabricated matenals have the highest 
productivity rate. 
Takinga good look at the results ofthe projectsof concrete blocks and those of 
prefabricated materials, the values are almost the same, especially in the cost of 
materials; there where it was expected that prefabricated matenals are more 
expenstve. 
The major difference between concrete blocks and prefabricated matenals is the 
cost oflabour per square metre. The most cheap and efficient way of building low
income houses is by using prefabricated systems. 
(§ 7.1.1) 

8 Due to the different ways of measuring the construction costs by the CIVCO 
(BANHVI) and the questionnaire used in this research, there are differences in the 
costs ofthe inputs. Probably, in the projects used by CIVCO, a lot of Iabour costs 
were added to the material costs, also much of the co st on equipment was added 
to the miscellaneous costs. 
(§ 7.1.2) 

e The costs per square metre decreased a little (ca. 600 rt = $ 2.80) between 1994 
and 1996, but there has been no improverneut in the construction process of the 
Costa Rican low-income housing projects. The construction process in 1996, has 
an even lower performance rate, compared to the standard of 1992 - 1994. 
(§ 7.1.2. & § 7.1.3) 

<D By just knowing the Iabour costs, the costs of matenals and the intlation rate over 
the years one can calculate (predict) the productivity ofthat project, by using the 
next equations: 

with concrete blocks: 

Productivity=0.10-(2.81 * 10-6[(C1+Cr)*(l-Lll
1
)]) 

with prefabricated materials: 

Productivity=0.11-(3.45 * 10-6[(C1+Cr)*(1-Lll
1
)]) 

(§ 7.1.4) 
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@ Influencal factors: 
Eleven influencal factors have a high chance of influencing the productivity. Those 
factors should be the basis for the first impravement of the productivity. These el even 
influencal factors are: 
0 Bureaucracy (infonnation problems, government solution); 

8 Selection of land ( education problems, government and company management solution); 

el Unavailability of infrastructure (education problems, government solution); 

0 Low income level (information problems, government solution); 

(Ö Vague increase of cost (information problems, government and brancb-institutes solution); 

<D High co st of building matenals (information problems, government and brancb-institutes 

solution); 

8 Delays result from no matenals (information problems, company management solution); 

0 Lack ofinformation on new techniques (information problems, brancb-institutes solution); 

Q) Limited technology innovations (education problems, all-institutes solution); 

4ID Wrong tools are used (education problems, government and company management solution); 
0 Wear and tear of the equipment ( education problems, company management solution). 
(§ 7.2) 

® methodology of productivity measurement: 

0 The intlation has its influences on all the input factors, not only on the labour input
side. Still it is not clear how to deal with the inflation. 
( chapter 5 and § 7 .1.1) 

8 The quality of the data resulting from the questionnaires was for more then 50% 
from bad till very bad. 
(§ 7.1.2) 

el The questionnaire used in this research is too extended. The questionnaire asked 
for too much information, which never will be used in the calculation of the 
productivity. 
(annex 2.5, a new questionnaire in annex 8) 

0 The equations have proved that they are workable and calculate the productivity 
adequately. No changes have to bemadein the equations. 
(chapter 5 and cbapter 7) 
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The recommendations are divided into two parts: productivity improverneut for the Costa 
Rican low-income housing construction sector and the methodology used in this research. 

Part A, productivity impravement for the Costa Rican low-income construction sector: 

CD To obtain better data on low-income housing projects a cost control system has to be 
introduced in the Costa Rican construction sector. With this kind of control system it 
is very easy to calculate (measure) the productivity of a project and even the 
productivity ofthe company. 
Cost-control systems can be introduced by the branch institutes (CCC and CFIA), 
educational institutes (UCR and ITCR), research institutes (like CIVCO) and the 
Costa Rican government. By introducing financial control of the company by 
accountants a company needs a cost-control system. 
To get such a system fully operative and to spread it out over the entire Costa Rican 
construction sector will take more than five years. 

@ Government ( + universities): 
Inspire of all govemmental policies the shortcoming of houses is still growing and the 
construction sector in suffering from the economical situation nowadays in Costa Rica. 
The Co sta Rican govemment is in the best position of improving the productivity in 
the low-income housing. In eight of the eleven cases the govemment can give 
direction to the solution of the influencal factors. 

0 Education is one of the main problems. Most of the employees in the construction 
sector never have leamed their technica! know-how in school, but on the job; 
learning by do ing. In this way of learning, the new employees are also copying the 
mistakes leamed by the older employees. 
Given a basic technica! education besides the already existing 'collegios' will solve 
lots of problems in the construction industry and will have forward and backward 
improvements beside the construction sector. The development of a basic technical
educational system will cost more then three years and it will cost even more then 
seven years befare the first student will graduate. F or this reason, the govemment 
has to start as soon as possible with the development. 
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@l The other main problem is the information and their flows. In most cases the higher 
authority of the Costa Rican government does not know what happens on the lower 
levels. They make policies, but they are oot controlling if the poli ei es are working 
as they thought. This lead to more bureaucracy and increases of the cost which the 
government cannot explain. 
To give a solution to those problems is the most di:fficult one. Most ofthe rituals of 
the Costa Rican are coming from their culture. Changing the behaviour of the Costa 
Rican politicians is equal to changing the habits of the Costa Rican people. 

@ Management of the companies~ the contractor: 
The contractors are in the best position to make solutions in the shortest possible time. 
The problems betonging to the contractors are the smallest and most of the times the 
solution is very easy to reach. 

0 Learning by doing is still and will be for more then 10 years the way of learning the 
know-how within the construction sector. As manager of a company one cao help 
the new employees by giving them a learning traject. The effort of learning the 
employees those things that can help to improve the productivity could be easy to 
reach. By introducing an apprentice system, learning the employees the most simpte 
but efficient way ofworking, won't cost that much in money and time, but the effort 
which cao be reached is higher. 

@l The information problems the contractors are dealing with are coming from others: 
the suppliers and the foreman on the site. In most cases it is oot even the fault of the 
contractors, but they cao do a lot by speeding up the information flow. Instead of 
waiting for the phone call, they can also phone the other party themselves. 

@ Branch institutes: 
In most of the countries the branch institutes have a lot of power, but especially a lot 
of knowledge. 

0 The educational task of the branch institutes is lying in the field of providing 
upgrading-courses to the contractors and the politicians. Most of the branch 
institutes have already started with giving courses in collaboration with research 
institutes (like CIVCO) and education eentres (like ITCR). Continuing this kind of 
activity will have a lot of benefits in the future for the Co sta Rican construction 
sector. 

8 The branch institutes are the perfect intermediary between research institutes and 
the contractors. Most ofthe time the information on new techniques does not reach 
the Costa Rican contractors but only the memhers of the branch institute. By just 
providing all the information to all the contractors of the Costa Rican construction 
sector willlead to a better productivity. Not only in the low-income housing, but 
also intherest ofthe construction sector. 
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0 The 'Cárnara Costarricense de construcción' (CCC) gives every rnonth an index
nurnber of the cost per square rnetre of every type of house. The low-incorne 
housing has also an index-nurnber. It was not possible within this research to analyse 
the rnethodology used by the CCC, because it is confidential. Nevertheless, the 
index-nurobers are very useful for predicting the productivity of a low-incorne 
housing project. The index-nurobers do have their basis in the cost per square rnetre 
and the equation (5-4) has already proved to be very useful by calculating the 
productivity. 
The productivity value corning frorn the index-nurobers should be seen as an 
indication, it will never be the actual value. 
For the future, it would be nice ifthe index-nurnber calculation will be cornbined 
with the productivity calculation. CCC is the only institute that has the possibility 
to combine these calculations (rneasurernents). The problern is that the CCC is 
controlled by their rnernbers. It will be more effective for Costa Rica, when it is a 
nonprofit foundation, without payable rnernbers. 

Part B, methodology of productivity measurement: 

CD To get a better overview ofthe different factors ofthe input, it is better to calculate the 
productivity of each of the inputs (partial productivity). One can see concluded if the 
productivity of one of the inputs has increased or decreased. 

® The standard productivity ofthe Costa Rican low-incorne housing projects will have 
to be recalculated after more than 50 projects. 
Standard productivity will have to be made for the projects with just one house; both 
for the concrete blocks (rnarnposteria) and the prefabricate. 

@ It is proved that the use of prefabricated rnaterials in the end is cheaper then the use of 
concrete blocks. Using prefabricated rnatenals is using an industrialized product. 
Industrialization leads to uniforrnity, higher quantities and faster production times. The 
final result will he a cheaper product. More and more yields can be achieved by using 
prefabricated rnaterials. 

@ U se the integral performance rate for calculating the effect of a project on the 
standards. It is the best way to rneasure the yield of a project. 

@ Try to interview (more) people, especially the contractors, to obtain more and accurate 
data on the influencal factors. 

@ By using dollars instead of colones, the productivity gets a cornparative value and can 
be cornpared with other countries. 

® Aft er rneasuring the productivity of the projects, rneasuring the productivity of the 
cornpanies is the next step. Foliowed by productivity rneasurernents on sector level. 
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