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ABSTRACT 

To gain an insight in the applicability and usefulness of the Technology Content Assessment 

metbod for developing country planners and policy makers for the evaluation of technological 

transformation facilities from an explicit technological viewpoint, the metbod has been applied 

in a case. The Cable Television modules product line of Philips Semiconductors Philippines 

Inc. has been used as the unit of research in this case. 

Observations made during the research, suggest that the metbod can be useful in two cases: 

In the case of one research unit, the current technological status of the research unit with 

regard to the state-of-the-art can be derived and the Component Contribution Intensities give 

an indication which component should be increased to obtain the largest proportionaf increase 

of the Technology Contribution Coefficient. 

In the case of several research units, information obtained from the determination of the 

causes of differences in the component values, can be used to plan corrective measures andjor 

technology upgradation programmes. 

The applicability and usefulness of the metbod is limited due to the following reasons: 

a) Most developing countries lack an indepth knowledge of the available technology 

worldwide which is required for the determination, definition and adaption of the criteria 

of the state-of-the-art assessment. 

b) The Technology Content Assessment requires considerable cooperation from the 

organizations being examined. 

c) The numerical results of the metbod are all calculated based on an ordinal scale, which 

restricts the extent of the conclusions that can be drawn. 



PREFACE 

Since 1984 the Eindhoven University of Technology in the Netherlands has offered a M.Sc. 

programme "Technology and Society''. The programme focuses on the relationship between 

technology and social sciences. One specific course in this M.Sc. programme is "International 

Technology and Development Sciences" (ITDS). The final requirement for this course is the 

writing of a thesis on a specific research assignment. Research assignments take place within 

programmes or projects of an internationally operating organization or enterprise, preferably 

in a developing country. 

My research assignment took place in the Philips Semiconductors Philippines Inc. (PSPI) plant 

in Las Pinas, the Philippines. Because my other research assignment is focused on the Cable 

Television (CATV) modules product line, it has been decided that this product line was going 

to be the unit of research of this research assignment. Due to time constraints and the fact 

that the CA TV-modules product line of Philips' only competitor Motorolais not located in the 

Philippines, this research assignment is a casestudy aimed at the PSPI CATV-modules 

product line. The following report discusses the results obtained from the case study. 
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1. INTRODUCTION 

1.1 Background 

The role of technology in economie growth has long been accepted in the context of 

industrialized economies. It has been said that modern development would have been 

essentially inconceivable without the influence of technology on economie growth. With the 

current technologkal and information revolution, there is ample recognition and a consensus 

among all nations that the contribution of technology to economie growth will rise significantly. 

This implies that it will no longer be possible for any nation to make effective polides for 

economie growth without taking into account the underlying economies and the pattem of 

world trade and investment. 

Since economie growth takes place through the transformation activities carried out by the 

production system of a nation, an appreciation of the impact and consequences of the 

technologkal change process, on the national production system, would be useful. The 

implications of the current technologkal and information revolution have led the industrialized 

developed countries and the newly industrialized countries to carry out detailed technologkal 

evaluations at the firm and industry levels. In spite of declared interest, many developing 

countries do not carry out technological evaluation exercises of their transformation facilities. 

In addition to the lack of local capabilities to carry out such studies, the uncertainty regarding 

the relevanee of roodels and indicators developed in the advanced nations to the developing 

countries also appears to have hindered their application even after suitable modifications. 

Also many science and technology indicators currently used by developing countries do not 

explicitly deal with technological aspects. A methodology specifically focusing on the 

technologkal aspects of transformation facilities could be of assistance to developing country 

planners and policy-makers. 

1.2 Problem selection 

Evaluation of the technologkal transformation activities of a production system are usually 

based on two popular approaches. The frrst approach is based on the concept of substitutability 

of Iabour and capital and attempts to evaluate technologkal aspects based on surrogate 

measures involving those two factors of production. The second approach deals with the 

computation of the economie value added at a transformation facility and attempts to draw 

conclusions regarding the technological characteristics of the frrm using a series of value added 

based ratios (both approaches are discussed in more detail in Appendix I). 

While the measures based on capital and Iabour inputs and economie value added have a 

successful role to play in evaluating the performance of transformation facilities at the firm 

(micro), industry (meso) and sectorialfnational (macro) levels, they have two major drawbacks. 

Firstly, their analytical framework requires the use of monetary values. Due to market 
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imperfections and government policies, it may be necessary to replace market prices by shadow 

prices when monetary evaluations are carried out. However, the use of shadow pricing requires 

a great deal of information and only a rigarous analysis may warrant an economy-wide 

computation of consistent shadow prices. Purthermare the casts involved in acquiring the 

information for operationalizing these methodologies may be formidable. Secondly these 

approaches consider technological aspects only implicitly. A methodology focusing explicitly on 

technological aspects would be useful. Such a methodology could also help in supplementing 

the approaches mentioned above, since it helps to overcome the subjectivity and ambiguity that 

might arise when interpreting technological aspects based on productivity and value added 

based measures. 

The United Nations Economie and Social Commission for Asia and the Pacific (ESCAP) has 

developed a technology content analytic approach for studying the performance of 

transformation facilities from an explicit technological viewpoint The methad called 

"Technology Contents Assessment" is part of a framework for technology-based development 

created by the Technology Atlas Project. The faculty "International Technology and 

Development Sciences" (ITDS) of the Eindhoven University of Technology has no experience 

with this methad though. To gain an insight in the applicability and usefulness of this method, 

it has therefore been decided to apply the methad as a case study to one of the product lines 

of PSPI. Due tothefact that another research assignment was aimed at the CA TV-modules 

product line, the Technology Contents Assessment has been applied to the same product line. 

1.3 Problem definition 

The research question is as follows: 

"How is the applicability and what is the usefulness of the Technology Contents Assessment for 

developing country planners and policy makers for the evaluation of technological 

transformation facilities from an explicit technological viewpoint." 

The objective of this research is to gain an insight in the applicability and usefulness of the 

Technology Content Assessment methad for developing country planners and policy makers 

for the evaluation of technologkal transformation facilities from an explicit technological 

viewpoint 

It has to be stated however, that this research assignment constitutes of a case study. Most 

likely, only limited generalizations can therefore be made with regard to the applicability and 

usefulness of the Technology Contents Assessment methad in general. 
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2. METHODOLOGY 

2.1 Theoretica} framework 

The economie growth or the material wealth of a country depends basically on the quantity of 

goods it produces by combining the natoral sources, land, capital and human resources it is 

able to mobilize. This transformation of natoral sourees into produced resources thus lies at 

the heart of modern economie growth processes, with technology as the care of all such 

transformation activities. Technology, as the transformer, acts in two ways in contributing to 

economie growth. Firstly, technology can promate economie growth by expanding the 

utilization of resources which have practical application. For instance, technology can help 

productive utilization of land previously considered worthless. Or, it can help in the economie 

exploitation of resources and raw materials formerly considered to be of little value. Secondly, 

technology can increase material output through a more efficient and productive utilization of 

the same amount of resources. Thus, it is not surprising that countries which are 

technologically advanced are also those which are economically developed. 

However, the technology development and assessment aspects appears to be posing difficulties 

to many developing countries primarily due to two reasons. Firstly, a Jack of appreciation of 

the difference between science and technology and their interrelationships appears to have led 

to difficulties in the context of the different objectives and policy instruments which may have 

to be adopted by the governments for the promotion and development of the two (see 

Appendix 11 for a more detailed discussion). Secondly, the tendency to treat technology as a 

"black-box" without examining the characteristic features of technology have led to a situation 

where important decisions pertaining to technology development are aften made in a cursory 

manner. 

The basic components of technology 

As mentioned above, many developing countries tend to treat technology as a black-box 

without paying adequate attention to its characteristic features. At present technologies are 

categorized in many ways: high and low technologies; modern and traditional technologies; 

capitai-intensive and Iabour intensive technologies; advanced and intermediate technologies etc. 

These categories, while useful, aften require careful interpretation. However, all these 

categorizations imply that technology is a combination of hardware and software with the 

relative proportions of varying from one extreme to another. 

Since the methodological emphasis of the Technology Atlas Project is on the pattern and 

characteristics of economie transformation of resources, it may be useful to view technology as 

a combination of bath the physical tooi and the related know-how either to make or use that 

tooi. 
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If viewed in this manner, then it becomes possible to discern four basic components of 

technology namely: 

1. Object-embodied technology, called "Technoware" 

2. Person-embodied technology, called "Humanware" 

3. Document-embodied technology, called "Infoware" 

4. Institution-embodied technology, called "Orgaware" 

Technoware refers to items such as tools, equipment, machines, vehicles and physical 

infrastructure. Humanware refers to knowledge, skills, wisdom, creativity and experience of 

individuals or groups of people. Infoware refers to aspects of technology such as processes, 

procedures, techniques, theories, specifications, observations and relationships described in 

publications, documents and blueprints. Orgaware is required to facilitate the effective 

integration of Technoware, Humanware and Infoware and consists of management practices, 

linkages and organizational arrangements. 

The effective usage of these four components at a transformation facility, requires that certain 

minimum conditions be satisfied. Firstly, Technoware needs operators with certain capabilities. 

Humanware has to gradually imprave from operation to upgradation and eventually generation 

of Technoware. Infoware as accumulated knowledge needs to be regularly updated while 

Orgaware has to be continually evolved over time to meet the changing requirements within 

and outside the transformation activity. 

All four components of technology are complementary to one another and are required 

simultaneously at any transformation operation. According to this approach, no transformation 

of natural resources can take place in the complete absence of any of the four components. 

The four components also interact with one another in a complex fashion and it is important 

to understand the nature of these interactions. 

Technoware is the core of any transformation system. This is developed, installed, operated 

and improved mainly by Humanware using Infoware which has been accumulated over time. 

Technoware cannot perfarm by itself and is useless if Humanware is not there to utilize it. 

Humanware plays a key role in carrying out transformation operations. It is Humanware that 

makes Technoware productive. However, the extent of what it can do, is guided by the 

Infoware available and the Orgaware within which it operates. Humaoware also leads to the 

generation of more Infoware and thereby leads to improved utilization of Technoware. 

Infoware represents the accumulation of knowledge by human beings. The body of knowledge 

available today is growing continuously and hence, Infoware requires regular updating. If this is 

not done, proper selection and usage of Technoware will not be possible. Thus, one of the key 

tasks of an organization is to ensure acquisition, usage and updating of appropriate types of 

Infoware. 
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Orgaware coordinates Infoware, Humanware and Technoware in a transformation operation to 

effectively achieve the desired conversion of natural resources to produced resources. With an 

increase in the effectiveness of Orgaware, the productivity of the other three components tends 

to increase. In general, Orgaware bas to evolve over time to match the dynamics of the other 

three components and the socioeconomie elimate within which the transformation activity 

operates. 

If in real life transformation activities are examined, it is possible to perceive increasing 

degrees of sopbistkation within each component of technology. Such variations in the degree 

of sophistication, within each component, comes about due to four reasons. Firstly, increased 

operational complexities lead to the need for the development and usage of Technoware with 

higher degrees of sophistication. Secondly, the increased requirements of skilis needed to 

develop, improve, install and operate Technoware of varying degrees of sopbistkation also 

requires Humanware with appropriate sophistication. Thirdly, as the degrees of sopbistkation 

of Technoware and Humanware increase, the sopbistkation of Infoware required to guide the 

use of these also increases. The value of documentation in such situations increases 

tremendously. Lastly, as a transformation activity attempts to increase the quanturn and scope 

of its operations, management functions such as planning, organizing, activating, motivating 

and cantrolling become increasingly complex and thus greater sophistication may be required 

in the Orgaware to effectively integrate Technoware, Humanware and Infoware. 

The degrees of sopbistkation provide a convenient framework for examining the complex 

interactions among the four components of technology. It is aften assumed that sophisticated 

Technoware calls for high level Humanware. For generating new and sophisticated 

Technoware, there is no doubt that high level Humanware is required. However, in the case of 

application of sophisticated Technoware, relatively simple operating abilities is all that is 

necessary. Another unique characteristic of Technoware is the presence of its different farms, 

at various degrees of sophistication and scale of operation. For example, in the field of energy, 

nuclear Technoware coexists with windmills, etc. To take advantage of the existence of 

technologkal pluralism requires a very careful consideration of the tradeoffs among the four 

basic components of technology. 

The interrelationship among the four components bas implications for choices of technology. 

Some of the more important ones are as follows: (1) with the increase in the degree of 

sophistication of Technoware, the required level of sophistication of Infoware and Humanware 

are likely to change considerably, because higher level Technoware bas many built-in control 

and monitoring features; (2) with the increase inthelevel of sophistication of Infoware, better 

choices of Technoware and Humanware are possible, as less Infoware means fewer 

alternatives; (3) with the increase in the level of sophistication of Humanware, Infoware is self

generated and utilization of Technoware is improved, as it becomes easy to digest imported 

Technoware; and ( 4) with the increase in the level of sopbistkation of Orgaware, the 

effectiveness of Technoware, Humanware and Infoware are all increased. However, the 

sophistication of Orgaware needs to be locally evolved. Transplantation of Orgaware does not 

work in most cases. 
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The above mentioned aspects need carefut considerations whenever the complex interactions of 

the components of technology or their substitutability at a transformation facility are examined. 

However, the information from available studies may be used to test at least some of the 

mentioned attributes. A detailed discussion of the substitutability of the components of 

technology can be found in the Technology Content Assessment manual [United Nations, 1989, 

p 30 .. 37]. 

Technological transformation for economie growth 

The four components of technology and their degrees of sophistication have already been 

outlined. If any transformation activity teading to the production of economie goods is 

examined, it can be seen that it is technology that transfarms the material inputs into outputs. 

It may even be said that technology is the core of the transformation activity. Thus, it may be 

said that there are three controllable elements in any transformation activity namely inputs, 

outputs and the technology used for transforming the inputs and outputs. 

The inputs going into the transformation activity may consist of natural resources and 

intermediate goods. Natural resources may inelude things like geo-physical, mineral and 

biological resources. Intermediate goods may inelude semifinished items such as chemicals, 

materials and hardware components. 

The output of a transformation activity may consist of consumer goods, intermediate goods 

and facilities (Technoware). Consumer goods refer to products such as food, medicine, apparel 

and appliances which can be use directly by consumers. Facilities refer to the object-embodied 

component of technology mentioned earlier such as machines, tools, plant and equipment, 

vehieles and instruments. 

The third element, namely technology, as already mentioned, is the transfarmer and the core 

of the transformation activity. It is a complex combination of four components namely, 

Technoware, Humanware, Infoware and Orgaware as explained earlier. 

In addition to these three elements, there is a fourth "exogenous" element that influences frrm 

level/transformation facility operations. This fourth element is the national technology climate. 

Onderstanding the manner in which the national elimate influences the performance of a 

transformation activity is important. Experience bas shown that similar transformation 

operations in two different countries may not always produce comparable results. One primary 

reason is that the national technology elimate differs from one country to another and in some 

instance, may even vary from one regionor one sector toanother within a country. In a 

supportive technology elimate, a transformation operation is likely to produce better results 

than in a less supportive elimate. 
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2.2 Technology Content Assessment 

The model that has been used basically seeks to measure the joint contribution of the four 

components of technology towards the overall technologkal sophistication of the 

transformation facility. This joint contribution may be called the "technology contribution" 

made by the four components of technology to the transformation facility. 

The Technology Contribution Coefficient (TCC) is a measure that represent the joint 

contribution of the four components of technology. The TCC of a frrm indicates the technology 

contribution of the total transformation process towards the output. It can be seen as a 

technology contents added per unit output or the difference between the technology contents 

of the output and that of the input. 

The TCC can be calculated as follows: 

Here, the T, H, I and 0 refer to the individual contributions made by the Technoware, 

Humanware, Infoware and Orgaware. The Bt, Bh, Bi and Bo refer to the intensity of 

contribution of each component of technology towards TCC. 

The multiplicative function for TCC has the following properties which appear to explain 

eertaio practical situations reasonably well. 

eq. 1 

1) The TCC function shows that T, H, I and 0 should be strictly non-zero if TCC is to be 

non-zero. This is in accordance with the statement that no transformation activity is 

possible without all four components of technology. 

2) Experience shows that the law of diminishing returns begins to operate when attempts are 

made to increase technology levels by increasing the degree of sophistication of one 

component while keeping others constant. The partial differentiation of TCC (equation 1) 

with respect to T, for instance, shows that: 

cS(TCC) TCC 
=Bt--

cST T 

This expression shows that phenomenon outlined above will be satisfied in the case of 

Technoware if, 

0 < Bt < 1 

eq. 2 

eq. 3 

Such conclusions can also be drawn regarding H, I and 0 by carrying out similar partial 

differentiation exercises. 
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3) It can be shown that 

d(TCC) dT dH dl dO 
= Bt-- +Bh--+ Bi--+ Bo--

TCC T H I 0 
eq. 4 

This shows that the proportionate increase of TCC would be equal to the sum of the 

proportionate increases in the four components weighted by the B's. If all four components 

are increased by the same proportion p then equation 4 would reduce to 

d(TCC) 
= p [Bt + Bh + Bi + Bo] 

TCC 

Thus, if 

Bt + Bh + Bi + Bo < or = or > 1 

eq. 5 

eq. 6 

then the TCC function obeys the condition of decreasing, neutral or increasing returns to 

scale. 

The operationalization of the TCC function however, requires that estimates be made of T, H, 

I, 0, Bt, Bh, Bi and Bo. This estimation procedure must also have the capability of helping to 

rank similar types of transformation facilities in increasing or decreasing order of technological 

sophistication. 

2.3 Speciflc procedures 

The applied procedure for TCC evaluation at the firm level consists of five steps: 

1) Degree of sophistication; 

2) State-of-the-art assessment; 

3) Component contribution calculation; 

4) Component contribution intensities; and 

5) Computation of TCC. 

These five steps are discussed in more detail in the following sub-paragraphs. 

2.3.1 Degrees of sophistication 

A classification and examples of increasing degrees of sopbistkation of Technoware, 

Humanware, Infoware and Orgaware can be found in Appendix 111. A scoring procedure for 

determining the degrees of sophistication of the components of technology can be found in 

Appendix IV. 
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This scoring procedure may be applied to a transformation facility as follows: 

a) Firstly, a qualitative examination of the four components of technology at the 

transformation facility is carried out and all relevant technological information is collected. 

b) Based on the qualitative examination, all major items of Technoware at the transformation 

facility are identified. For instance, at an integrated iron and steel plant, the items of 

Technoware could be sintering plant, coke-making plant, blast furnaces, steel-making 

plant, casting plant and rolling plant. The major categories of Humaoware at the 

transformation facility would also have to be identified. One possible categorization of 

Humaoware which may be used could be workers, supervisors, executives and managers 

and R&D personnel. However, in the case of Infoware and Orgaware it is proposed that 

all evaluations be made only at the overall frrm level. 

c) At any transformation facility operating at prescribed levels, in gener al, a range of 

alternatives may be available in terms of degrees of sophistication for each component of 

technology. There will, however, be a minimum degree of sophistication required for each 

component of technology. This may be called the lower limit of technological 

sophistication. On the other hand there is also a maximum degree possible for each 

component which may be called the upper limit of technological sophistication. In practice, 

the choice of the degrees of sophistication at a transformation facility would depend on 

the characteristics of the material inputs, attributes required of the material outputs, 

related economie factors and other social, legal and politica! considerations. Thus, when 

the degrees of sophistication of the technology components are being evaluated at a 

transformation facility, it would be necessary to determine both the lower and upper limits 

of technological sophistication. Let the lower and upper limits of technological 

sophistication for each item i of Technoware be denoted by LTi and UTi respectively. Let 

the lower and upper limits for each category j of Humanware be LHj and UHj 

respectively. Since the degrees of sophistication of Infoware and Orgaware are evaluated 

at the firm level, let the lower and upper limits for these components be LI, UI and LO, 

UO respectively. According to the proposed scoring procedure in Appendix IV all the 

upper limit values will be less than or equal to 9 while the lower limits will be greater than 

or equal to 1. 

2.3.2 State-of-the-art assessment 

Once the lower and upper limitsof sophistication of the four components of technology are 

obtained, the position of each component between these two limits will depend on its status 

with regard to the state-of-the-art. For instanee a component which is state-of-the-art would 

occupy the upper limit. The determination of the status of a component of technology with 

regard to the state-of-the-art requires in depth knowledge of technica! and related performance 

specifications not only at the type of transformation facility being studied but also at "best in 

the world" plants. This task will therefore require considerable inputs from technica! and other 

specialists who are well versed in operations of the type of transformation facility being 
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studied. However, some genericcriteria that may be used to guide the selection of specitic 

measures to assess the state-of-the-art of the four components, of a transformation facility, can 

be found in Appendix V 

The applied procedure for the assessment of the state-of-the-art is as follows: 

a) Using the suggested genericcriteria a set of specific quantifiable criteria is developed for 

each component of technology. 

b) The specific criteria that have been developed are then used to develop a state-of-the-art 

rating system. Each criteria is given a score of 10 for the best in the world and a score of 

0 for the lowest permissible specification. For instance, if specific energy consumption is 

used as one of the criteria to evaluate the state-of-the-art of blast furnace operations 

(Technoware ), the most energy efficient performance in record (3250 Mcal) would get a 

score of 10, while the worst (greater than or equal to 8,5 Mcal) would get a score of 0. 

The rating of a blast furnace with a performance between these two values could obtained 

using linear interpolation. Similar considerations may be extended to cover the state-of

the-art assessment of Humanware, Infoware and Orgaware. 

c) Basedon the procedure outlined above, the state-of-the-art ratings of Technoware, 

Humanware, Infoware and Orgaware may be obtained using the following expressions: 

1) state-of-the-art rating of Technoware item i 

STi = k = 1,2 .... kt 

where tik is the k'th criteria score for Technoware item i, 

2) state-of-the-art rating of Humaoware category j 

1 I:l h·· 
SHj =- IJ 

10 lh 
1 = 1,2 ... .lh 

where hij is the i'th criteria score for Humaoware category j, 

3) state-of-the-art rating of Infoware 

SI= 
1 

10 
m = 1,2 .... mr 

where fm is the m'th criteria score for Infoware at the frrm level, 

10 

eq. 7 

eq. 8 

eq. 9 



4) state-of-the-art rating for Orgaware 

so = 
1 

10 
n = 1,2 .... n0 

where on is the n'th criteria score for Orgaware at the frrm level, 

eq. JO 

The division by 10 is carried out to normalize the ratings between 0 and 1. It may be noted 

that the STi, SHj, SI and SO expressions imply that all the criteria used for assessing the state

af-the-art have equal weightages. However, if there are reasons to believe that some criteria 

deserve a greater weightage than the others then the expression could be suitably modified. 

For instance, the expression for Technoware item i could be modified as follows: 

STi = 
1 

10 

where wk is the weightage for criteria k and l:wk = 1. 

2.3.3 Component contribution calculation 

eq. 11 

Based on the knowledge of the limits of sophistication and the state-of-the-art ratings, the 

component contributions may be calculated as follows: 

Ti = 1/9 [LTi + STi (UTi- LTi)] eq. 12 

Hj = 1/9 [LHj + SHj (UHj - LHj)] eq. 13 

I = 1/9 [LI + SI (UI - LI)] eq. 14 

0 = 1/9 [LO + SO (UO - LO)] eq. 15 

The Ti value indicates the contribution of each item i of Technoware while the Hj value 

indicates the contribution of each category j of Humanware. The division by 9 is used so that 

the contribution by a component at the state-of-the-art would be 1. To obtain the overall 

Technoware and Humanware contributions at the frrm level the Ti and Hj values may be 

aggregated using appropriate weightages. Thus, 

T= 
l:ui Ti 

l:ui 
eq. 16 

H= 
l:vj Hj 

l:vj 
eq. 17 
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The value of ui and vj would have to be carefully selected. For instance, ui may refer to the 

investment cost of Technoware item i and vj may refer to the number of employees in 

Humanware category j. 

2.3.4 Component contribution intensities 

The component contribution intensities Bt, Bh, Bi and Bo can be calculated by using the 

pairwise comparison matrix approach. The procedure may be summarized as follows: 

a) For the transformation facility under consideration, the four components of technology are 

arranged hierarchically in order of increasing importance. The B's conesponding to these 

components are then arranged in the same order of relative importance. 

b) The relative importance of a B value at a particular level over those in the succeeding level 

is measured by a procedure of pairwise comparisons. The metbod of pairwise camparisoos 

is carried out because an individual cannot, in general, simultaneously campare and rank 

several elements based on a given criteria. However, it is easy to campare a pair of 

elements at a time and the metbod of pairwise camparisoos is based on this recognition. 

Thus, when two B's are compared, the relative importance of one over the other may be 

obtained by using a relative importance scale, which cao be found in Appendix VI. 

c) Thus, if the four B's are arranged in a hierarchy there would be 16 paired camparisans 

and these camparisoos cao be shown in the farm of a 4 x 4 square matrix. However, the 

relative importance estimates rij of this pairwise comparison matrix must satisfy the 

following conditions in order to rnaintaio consistency. 

rij 1 for all i = j 

r .. = 
IJ 

1 

r .. 
Jl 

It cao be shown that an eigenvalue analysis of this matrix will preserve ordinal preferences 

among the B's being compared. This means that if a B is more important than the other, 

its eigenvector component will be larger than the other. Thus, the required weightages of 

importance for each B will be given by the normalized eigenvector. It is noted that this 

normalization process implies constant returns to scale. 

2.3.5 Computation of TCC 

Using the values of T, H, I, 0 and the B's the Technology Contribution Coefficient TCC can 

be calculated using equation 1. Since T, H, I and 0 are allless than one and also because the 

sum of the B's is equal to one (after normalization), the maximum value of TCC will be one. 
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As has been said before, the Technology Contribution Coefficient (TCC) of a frrm indicates 

the technology contribution of the total transformation operation towards the output. Put 

differently, the TCC mayalso be viewed as the Technology Content Added (TCA) per unit 

output. Viewed in this manner, a frrm with a larger output will add more technology than one 

with the same TCC but a lower output. Thus, it may be said that TCA is proportionaf to both 

TCC and output. 

The TCA may also be viewed as the difference between the technology content of the outputs 

and that of the inputs. For a transformation facility, the technology content of its inputs will be 

lowest when all inputs consist of only natural resources. Intermediale inputs will have a higher 

technology content compared to natural resources due to the fact that they are already the 

outputs of another transformation facility. It may be noted that most natural resource inputs 

will also have some amount of technology content due to the fact that before they become 

inputs they will have passed through some stages of transformation. 

The relationship between TCA, TCC and output may be expressed by the following simple 

equation: 

TCA = f..l TCCVA eq. 18 

where V A refers to the monetary value of value added, and f..l refers to the technology elimate 

factor under which the particular transformation activity is operating. 

In a very broad sense it may be said that from a technological viewpoint, a firm producing a 

unit of V A with a higher TCC has greater technological capability than one producing a unit 

of V A with a lower TCC. lt may also be said that if two fi.rms are at the same TCC level, the, 

the firm that produces a larger V A has higher technological capabilities than the one that 

produces a lower output. 

The technology elimate factor f..l which has been referred to as one of the elements defining 

the functioning of a transformation facility, is postuialed as having a value less than or equal to 

one. If the value of the elimate factor is close to one, then it may be deducted that the 

transformation facility is operating in a very supportive technology climate. Thus, it may be 

said that when the technology elimate facto and TCC are one (i.e. the most advanced firm 

operating under the most supportive technology elimate ), then the TCA will be equal to V A 

(the value added by the frrm). 

This TCA computation has important implications from the technology planners point of view. 

It points out for instanee that, even if a frrm produces a large V A with low TCC, the overall 

TCA will be low. The TCA value of a firm with high V A but a low TCC may be exceeded by 

a firm with a medium V A but a high TCC. Thus, one of the objectives of a technology 

planning exercise pertaining to transformation facilities, is to explore ways and means of 

increasing not only the V A but also the TCC. The technology content analysis will be of use in 

such situations. 
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The calculation of TCA requires a Value Added analysis and a determination of the 

technology elimate factor, which both can be considered to be a research assignment on their 

own. Due to time constraints neither the Value Added analysis nor the determination of the 

technology elimate factor have been performed. 

2.4 Unit of research 

As has been mentioned before, the unit of research of this casestudy was the CA TV-modules 

product line of PSPI. Due to the fact that PSPI contained several different collaborating 

product lines, this gave rise to some difficulties in applying the Technology Content 

Assessment. The boundaries of the unit of research were easy to distinguish in the case of 

Technoware. For the measurement of Humanware, Infoware and Orgaware however, it was 

sometimes necessary to extend the unit of research to the total Modules product line. It is 

assumed in those cases, that the characteristics of the Modules product line are representative 

for the characteristics of the CA TV-modules product line. 

2.5 Data collection 

Data bas been gathered by interviewing key-technical personnel, managers, operators and 

design, production and process engineers. To increase the accuracy of the measurements, in 

most instances more than one employee was interviewed for the collection of the same data. In 

some cases additional information bas been found in abundantly available company 

publications. However, as opposed to the data collected through the interviews, the information 

found in the company publications was not always complete or coherent. Besides interviews, 

the CA TV-modules assembly line bas been observed to gather additional information for the 

determination of the degrees of sopbistkation of the individual items of Technoware. 
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3. DISCUSSION OF RESULTS 

3.1 Results 

The applied procedure for TCC evaluation at the firm level consisted of five steps: 

1) Degree of sophistication; 

2) State-of-the-art assessment; 

3) Component contribution calculation; 

4) Component contribution intensities; and 

5) Computation of TCC. 

The results of the application of the five steps mentioned above, will be discussed in the 

following paragraphs. 

3.1.1 Degree of sophistication 

Technoware 

The major items of Technoware of the CA TV-modules product line that have been identified 

are: 

a) Wafer sawing 

b) Diebonding 

c) Wirebonding 

d) Connector attach 

e) Capacitor attach 

f) Heatsink attach 

g) Trafo soldering 

h) Laser trimming 

i) RL/Slope testing 

j) Trafo gluing 

k) Marking top cap 

1) Top cap sealing 

m) Hybrid testing 

n) Packaging 

Appendix VII gives a brief description of each of the items of Technoware mentioned above. 

Although some parts of the operation are considerably more advanced, all of the major items 

of Technoware are important for the assembly of the CA TV-module. 

Based on the interviews and observations, the degrees of sophistication of the items of 

Technoware have been determined. The lower and upper limit of sopbistkation of Technoware 

have been based on what range of sophistication would be applicable under current production 
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circumstances. Although for most process steps even more advaoced technology is available, in 

most case using that technology would oot be feasible. The upper aod lower limit of 

sophistication of Technoware cao be found in Table 1. 

Table 1: Limitsof the degrees of sophistication of Technoware 

Items Lower Upper 
Limit Limit 
LTi UT i 

Wafer sawing 5 7 

Diebonding 5 7 

Wirebonding 6 8 

Connector altach 1 3 

Capacitor attach 1 3 

Heatsink altach 1 3 

Trafo soldering 1 3 

Laser trimming 6 8 

RL/Siope testing 5 7 

Trafo gluing 1 3 

Marking top cap 1 3 

Top cap sealing 1 3 

Hybrid testing 5 7 

Packaging 1 3 

All the manual operations have a lower limit corresponding to Maoual facilities aod ao upper 

limit corresponding to Powered facility. All the machine operations were at least at the level of 

a Special purpose facility. Some of them were to a eertaio degree automated or computer 

controlled. The operations performed by a machine/operator combination require in most 

cases a high accuracy. The loading, unloading and process control are performed by an 

operator. All the manual operations cao be done by an operator with some (powered) hand 

tools. The use of special purpose machines for these operations is economically oot viable. 

Humaoware 

The initial selection of the different categories of Humaoware was based on the observation 

that the upper aod lower limit of sophistication were more consistent within a group thao 

between groups. However, during the state-af-the-art assessment it became apparent that 

further differentiation was necessary, due to differences in the state-af-the-art scoring criteria. 
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The majorcategoriesof Humanware that have been distinguished are: 

a) Operators & Leadgids 

b) Supervisors 

c) Department heads 

d) Managers & Executives 

e) Engineers 

f) Design engineers 

g) Quality control engineers 

h) Quality inspeetors 

i) Technicians 

Based on the interviews, the degrees of sophistication of the categories of Humanware have 

been determined. The lower and upper limit of sophistication of Humanware have mainly been 

basedon the range of activities each category had to perform (functional job descriptions) and 

an assessment of the required capabilities for performing those activities. The upper and lower 

limit of sophistication of Humanware can be found in Table 2. 

Table 2: Limits of the degrees of sophistication of Humonware 

Categones Lower Upper 
Limit Limit 
LHj UHj 

Operators & Leadgids 3 4 

Supervisors 4 6 

Department heads 5 7 

Managers & Executives 6 8 

Engineers 4 7 

Design engineers 5 7 

Quality control engineers 6 7 

Quality inspeetors 3 6 

Technicians 3 5 

The lower limit of sophistication of the operators is high Operating abilities. The upper limit is 

high Setting-up abilities. The relatively high scores for the operators is caused by the fact that 

regardless whether the operators operate a machine or perform manual operation, a high skill 

and education is required due to the accuracy and quality specifications of the products. 

Infoware and Orgaware 

The lower and upper limit of sophistication of both Infoware as well as Orgaware have been 

measured at "firm" level. 

In case of Infoware, no clear distinction could be made between the different product lines 

that make up the Modules product group. Therefore, the total Modules product group has 
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been taken as the unit of research for the upper and lower limit sophistkation. The Modules 

product group is representative for the CATV-modules product line with respect to the 

degrees of sopbistkation of Infoware. The estimation of the upper and lower limit of 

sopbistkation of Infoware was based on the range of degrees of sopbistkation of Infoware 

present in the company, that were needed for production purposes. 

In the case of Orgaware, the description of the degrees of sopbistkation could not be matebed 

completely. Since the CA TV-modules product line is only a small part of the total Philips 

organization, the descriptions that have been used for estimating the degrees of sopbistkation 

of Orgaware were profitability, market and fmance. 

Table 3 shows the upper and lower limit of sopbistkation Infoware. 

Table 3: Limits of the degrees of sophistication of Infoware 

Category Lower Upper 
Limit Limit 
Ll UI 

CA TV-modules 4 8 

The range of Infoware necessary for production purposes within the CATV -modules product 

line bas a lower limit corresponding to Specifying facts and an upper limit of Assessing facts. 

Table 4 shows the upper and lower limit of sopbistkation of Orgaware. 

Table 4: Limits of the degrees of sophistication of Orgaware 

Category Lower Upper 
Limit Limit 
LO uo 

CA TV-modules 8 9 

The global market of CA TV-modules is completely controlled by two companies. Philips bas a 

market share of 55 percent while Motorota controls the remaining 45 percent. Both companies 

have a Leading framework. The upper limit of sopbistkation of Orgaware is therefore high 

Leading framework. The lower limit corresponds to a medium Leading framework. 

3.1.2 State-of-the-art assessment 

Once the lower and upper limits of sopbistkation of the four components are obtained, the 

position of each component between these limits would depend on its status with regard to the 

state-of-the-art. Specific criteria that have been developed to be used as a state-af-the-art 

rating system can be found in Appendix VIII, IX, X and XI as well as the state-af-the-art 

ratings of the individual items of the four components of technology. 
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A summary of the state-af-the-art rating of Technoware can be found in Table 5. 

Table 5: State-of-the-art rating of the items of Technoware 

Item Sfi 

Wafer sawing 0.875 

Diebonding 0.329 

Wirebonding 0.593 

Connector attach 0.000 

Capacitor attach 0.000 

Heatsink attach 0.500 

Trafo soldering 0.200 

Laser trimming 0.714 

RL/Slope testing 1.000 

Trafo gluing 0.250 

Marking top cap 0.000 

Top cap sealing 0.250 

Hybrid testing 1.000 

Packaging 0.000 

A summary of the state-af-the-art rating of Humanware can be found in Table 6. 

Table 6: State-of-the-art rating of the categones of Humanware 

Category SHj 

Operators & Leadgids 0.428 

SupeiVisors 0.307 

Department heads 0.655 

Managers & Executives 0.705 

Engineers 0.788 

Design engineers 0.688 

Quality control engineers 0.759 

Quality inspeetors 0.830 

Technicians 0.625 

A summary of the state-af-the-art rating of Infoware can be found in Table 7. 

Table 7: State-of-the-art rating of Infoware 

Category SI 

CATV-modules 0.642 
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A summary of the state-af-the-art rating of Orgaware cao be found in Table 8. 

Table 8: State-of-the-art rating of Orgaware 

Category SO 

CA1V-modules 0.700 

3.1.3 Component contribution calculation 

Based on the knowledge of the limits of degrees of sophistication aod the state-af-the-art 

ratings, the component contributions cao be calculated using equations 12, 13, 14, 15, 16 aod 

17. The weight factors ui necessary for the calculation of the joint contribution of the individual 

items of Technoware are all equal. The literature suggests using the investment cost of the 

items of Technoware for selecting the weightage of each item [United Nations, 1989, p 55). 

Since all operations are essential for the assembly of a CATV -module, no data could be found 

to justify the use of weight factors based on the investment cost of each item of Technoware. 

In the case of Humanware, the weight factors are based on the number of employees in each 

category, as suggested by the literature [United Nations, 1989, p 55). The number of employees 

per category cao be found in Appendix XII. The results based on the calculations are: 

T 0.41 

H 0.42 

I 0.73 

0 0.97 

3.1.4 Component contribution intensities 

The component contribution intensities have been estimated using the pairwise comparison 

matrix approach. 

The four components of technology have been arraoged in order of increasing importaoce. The 

B's corresponding to these components have then been arraoged in the same order of relative 

importance. The hierarchy is: 

H>O>I>>T 

therefore 

Bh > Bo > Bi > > Bt 
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Technoware is the least important component of technology. Most items of Technoware have a 

considerable toleranee for variance. The production can be highly automated or largely manual 

without a negative influence on the output. Of the remaining three components, Infoware is 

the least important. Infoware is only important in the training phase and in the case of new 

product types. The repetitive nature of the production processes, makes it possible to 

transfarm the Infoware into Humaoware (skill and experience). In normal production 

circumstances, Infoware is needed only to a eertaio extent. Camparing Humaoware and 

Orgaware, Humaoware turns out to be slightly more important. Orgaware makes the 

difference between a high quality production and a world-class production. Without the skill 

and experience of the employees, however, it would not be possible to produce the current 

number of CA TV-modules with such a high quality, which is essential to keep the current 

market share. 

The pairwise comparison matrix can be obtained by using the scoring procedure outlined in 

Appendix VI. The pairwise comparison matrix is as follows: 

T H I 0 

T 1 1/5 1/3 1/4 

H 5 1 3 2 

I 3 1/3 1 1/2 

0 4 1/2 2 1 

In order to obtain the values for the B's, the eigenvector of the pairwise comparison matrix bas 

to be calculated. 

To obtain the characteristic polynomial of the pairwise comparison matrix, the Faddeev

Leverrier metbod has been used [James, M.L., 1977, p 229-235]. For solving the roots of the 

polynomial to obtain the eigenvalues, the metbod of Bairstow has been used [James, M.L., 

1977, p 141-149]. Finally the Gauss elimination metbod has been used to obtain the 

eigenvector [James, M.L., 1977, p 169-177]. Listings of the programs that have been used to 

calculate the eigenvector can be found in Appendix XIII, XIV and XV. 

With an eigenvalue of 4.05 the eigenvector, after normalization, will give the following values 

for the B's: 

Bt 0.11 

Bh 0.45 

Bi 0.16 

Bo 0.27 
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3.1.5 Computation of TCC 

Table 9 presents a summary of the T, H, I, 0 and the values of the B's for the CA TV-modules 

product line. Using equation 1, the TCC value can be computed. 

Table 9: Summary of TCC computation 

Technology Component Component TCC 
Components Contribution Contribution 

Intensities 

Technoware T 0.41 0.11 

Humanware H 0.42 0.45 
058 

Infoware I 0.73 0.16 

Orgaware 0 0.97 0.27 

3.2 Discussion 

The objective of this research was to gain an insight in the applicability and usefulness of the 

Technology Content Assessment metbod for developing country planners and policy makers 

for the evaluation of technologkal transformation facilities from an explicit technologkal 

viewpoint The numerical results of this case study, that have been outlined in the previous 

paragraphs, are useful only as far as they can demonstrate the potential strength and 

weaknesses of the metbod for fulfilling its purpose. The numerical results are only relevant if 

they can he compared with results obtained from other cases. The observation of the 

problems, which arose during the application of the method, gave more insight in the 

applicability and usefulness of the Technology Content Assessment method. 

Because the Eindhoven University of Technology did not have any experience with the method, 

adaptations to the measuring instrument could not be made yet. The only adaptations that 

have been made, without which the metbod could not be applied, are the criteria for the state

of-the-art assessment and the assignment of the weight factors of Technoware and Humaoware 

for the component contribution calculation. The other parts of the metbod have been used 

without any modifications. In some cases this gave rise to scoring difficulties, due to the 

numerous subjective descriptions of the scoring methods and the degrees of sophistication of 

the four components of technology. These difficulties however, have given additional evidence 

with regard to the applicability of the Technology Content Assessment. The observations that 

have been made with regard to the applicability and usefulness of the metbod are discussed 

below. 

Adaptation 

The authors of the Technology Content Assessment metbod conclude their discussion of the 

metbod by explaining that the metbod should be viewed as an analytical framework that 

highlights as many relevant factors as possible so that they can be viewed in proper 
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perspective. The technology content approach that has been outlined may thus be considered 

as an initial step in this direction [United Nations, 1989, p 103]. The authors stress the fact that 

the metbod can and will have to be adapted to incorporate the duferences in each particular 

application. Observations substantiate this conclusion. 

The metbod is in its current form not adapted to a specific case. The measuring instruments 

provided by the metbod contain to many general definitions and descriptions. They should 

merely be seen as a set of guidelines and examples. By using this metbod in its current form 

and only redefming the criteria for the state-of-the-art assessment, it became apparent that 

especially the qualitative descriptions of the degrees of sopbistkation were rather vague. This 

resulted in difficulties in assigning the scores for the upper and lower limit of the degrees of 

sophistication. The subjeelive scores are therefore in most cases not very accurate. 

Number of research units 

The number of research units of a TCA study will indirectly determine the usefulness of the 

results obtained. Among others, due to the specific criteria used for the state-of-the-art 

assessment and the classification of the degrees of sophistication, the number of research units 

will influence the amount of detail that can be used for setting up the method. Because the 

measuring instrument has to fit all the organizations being investigated, the accuracy wiU be 

reduced and the metbod will be less detailed according as the metbod is applied to more 

research units. This will make it more difficult to explain the results of the study and to set up 

specific policy measures. A choice has to be made between a small number of research units, 

accuracy and details or a larger number of research units, less accuracy and little detail. 

Specific procedures 

Some remarks can be made with regard to individual procedures for the determination of the 

TCC of a transformation facility. 

The fact that for each component of technology exactly seven levels of the degrees of 

sopbistkation exist seems artificial. 

The scoring procedure used for the degrees of sopbistkation has to much overlap. Each score 

can be found on three consecutive levels. It is suggested to use a different scoring procedure 

with less overlap. An example of such a scoring procedure can be found in Appendix XVI. 

Weight factors might have to be introduced for the criteria of the state-of-the-art assessment. 

In the current method, all the criteria have equal importance which does not seem realistic. 

During the calculation of the B's it became apparent that the procedure results in four 

eigenvalues. One positive, one negative and two eigenvalnes which are complex. In the case, 

the positive eigenvalue has been selected. It has not been determined yet whether it might be 
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possible that this procedure can have more than one positive eigenvalue with other initia} 

val u es. 

The calculation of the B's turned out to be very sensitive to changes in the initia} values. The 

sensitivity of a set of four equations can be measured by dividing each equation by the square 

root of the sum of squares of its coefficients. If the determinant of the coefficient matrix is 

small compared to ± 1 then the set of four equations is very sensitive [James, M.L., 1977, p 

173]. In the CATV-modules product line case the determinant turned out to be 0.06, so the 

calculation of the B's in this case is very sensitive to changes in the initial scores of the pairwise 

comparison matrix. It bas notbeen determined yet whether the sensitivity is caused by the 

scores used in this case or by the general structure of the pairwise comparison matrix. In the 

case of the latter, this means that the calculation of the B's will always be very sensitive. 

Usefulness 

The observations made suggest that the metbod can be useful in two cases: 

In the case of one research unit, limited conclusions can be drawn based on the results since 

there is no basis for comparison. However, because the state-af-the-art assessment implicitly 

compares the research unit with a state-af-the-art facility, the current technological status of 

the research unit with regard to the state-af-the-art can be derived, including areas for 

impravement Purthermare the component of technology with the highest B score bas the 

largest influence on the TCC. This gives an indication which component should be increased to 

obtain the largest proportional increase of TCC. 

In the case of several research units, the results obtained can be used to draw conclusions with 

regard to the possible causes of the differences in the results. By camparing the component 

values T, H, H and 0 of the different research units, the causes for the differences between 

the component values can be traeed back to the individual scores for the degrees of 

sophistication and state-af-the-art assessment. This information can be used to plan corrective 

measures andjor technology upgradation programmes since the causes for the gaps are known. 

The applicability and usefulness of the Technology Content Assessment metbod for developing 

country planners and policy makers for the evaluation of technological transformation facilities 

from an explicit technological viewpoint is however limited due to a number of reasons: 

a) The determination, defmition and adaption of the criteria of the state-af-the-art 

assessment require an indepth knowledge of the available technology worldwide. Most 

developing countries specifically lack that knowledge [Tilburg, van, P.T., 1990]. 

b) The Technology Content Assessment requires considerable cooperation from the 

organizations being examined. A large part of the information will only be available within 

the organizations. The organization will not always be willing to cooperate with such a 

research. 
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c) The numerical results obtained from the method, suggest a high generalisation level 

possible. However, the values for the componentsof technology T, H, I and 0, the B's and 

the TCC are all calculated based on an ordinal scale. This means that only limited 

conclusions cao be drawn from the results. The relative or absolute differences in the 

results are meaningless. 
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4. CONCLUSIONS 

Based on the observations made during the application of the Technology Content Assessment 

in the CATV-modules product line case, the following conclusions can be drawn: 

Firstly, in order to be able to use the methad in a practical application, it should be adapted to 

incorporate the specitic trades of the particular case. The methad should be regarcled as an 

analytical framework and a set of guidelines on which the development of a specific measuring 

instrument can be based. 

Secondly, a clear choice has to be made between a small number of research units, accuracy 

and details or a larger number of research units, less accuracy and little detail. With this 

particular method, if it is applied to a large number of research units, the accuracy of the 

results will be reduced and the methad will be less detailed. This will make it more difficult to 

explain the results of the study and to set up specific policy measures. 

Thirdly, the applicability and usefulness of the Technology Content Assessment metbod for 

developing country planners and policy makers for the evaluation of technological 

transformation facilities from an explicit technologkal viewpoint is limited due to the following 

reasons: 

a) The determination, definition and adaption of the criteria of the state-af-the-art 

assessment require an indepth knowledge of the available technology worldwide. Most 

developing countries specifically lack that knowledge [Tilburg, van, P.T., 1990]. 

b) The Technology Content Assessment requires considerable cooperation from the 

organizations being examined. A large part of the information will only be available within 

the organizations. The organization will not always be willing to cooperate with such a 

research. 

c) The numerical results obtained from the method, suggest a high generalisation level 

possible. However, the results are all calculated basedon an ordinal scale. This means that 

only limited conclusions can be drawn from the results. The relative or absolute 

differences in the results are meaningless. 

Taking the above mentioned limitations into account, the observations made suggest that the 

methad can be useful in two cases: 

In the case of one research unit, restricted conclusions can be drawn based on the results since 

no comparison is available. However, because the state-af-the-art assessment implicitly 

compares the research unit with a state-af-the-art facility, the current technologkal status of 

the research unit with regard to the state-af-the-art can be derived, including areas for 

impravement Furthermore the component of technology with the highest B score has the 
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largest influence on the TCC. This gives an indication which component should be increased to 

obtain the largest proportional increase of TCC. 

In the case of several research units, the results obtained can be used to draw conclusions with 

regard to the possible causes of the differences in the results. By comparing the component 

values T, H, H and 0 of the different research units, the causes for the differences between 

the component values can be traeed back to the individual scores for the degrees of 

sophistication and state-of-the-art assessment. This information can be used to plan corrective 

measures and/or technology upgradation programmes since the causes for the gaps are known. 
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5. RECOMMENDATIONS 

It is suggested to use a different scoring procedure with less overlap for the determination of 

the upper and lower limit of the degrees of sopbistkation of the four components of 

technology. An example of such a scoring procedure has been outlined in Appendix XVI. 

Weight factors should he used for the criteria of the state-of-the-art assessment. 

It should he examined whether it is possible that the component contribution intensities 

calculation procedure can result in more than one positive eigenvalue with other initial values. 

This situation has unfortunately not been foreseen by the authors of the TCA method. 

It should be determined whether the sensitivity of the component contribution intensities 

calculation procedure is caused by the scores used in this case or by the general structure of 

the pairwise comparison matrix. 

The current metbod makes frequently use of qualitative descriptions and measurements based 

on an ordinal scale. Drawing conclusions based on comparison of the results is therefore 

limited. It should he examined whether it is feasible to develop instruments which measure on 

an interval or ratio scale. 
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APPENDIX I Technological transformation evaluation methods 

Evaluation of the technological transformation activities of a production system is usually based on two 

popular approaches. The frrst approach is based on the concept of substitutability of Iabour and capital 

and the second approach deals with the computation of the economie value added at a transformation 

facility [United Nations, 1989, p 7-12]. 

Measures based on capital and Iabour 

Same of the cammanest indicators based on capital and Iabour are, capital per employee, tangible ftxed 

assets per employee, capital per unit output, profit per unit of capital and output per employee. Of these 

indicators, the first three deallog with capital intensity (i.e. capital per employee, tangible ftxed assets per 

employee and capita} per unit output) are perhaps the most commonly used and have found wide 

application in studies dealing with the choice of techniques in developing countries. The third and fourth 

ratios are also considered to reflect partial productivity of Iabour. In general it is surmised that, in a 

partienlar type of industry the higher these ratios, the more technologically advanced is the facility under 

consideration. However, such interpretations have to be made very carefully and many aspects have to be 

considered. 

Firstly the measurement of capital employed itself is difficult and there is a wide body of literature that 

deals with the "non-homogeneity" of capital and the "complex and perhaps insoluble problems" of its 

measurement. Secondly, a technologically more advanced transformation facility need nat be more 

expensive in terms of ftxed assets per employee. The price of different generations of a machine depends 

on the scale of production of the machines themselves. The older, and perhaps more Iabour intensive, 

machines may be no langer used in the developed world which usually accounts for the larger part of the 

market for plant and equipment. The later version they buy may be cheaper, than the older generations, 

since these are likely to be produced on much larger scale. Also technological developments in fields 

such as computers and consumer electranies show that successive generations have become less costly 

but technologically more sophisticated. 

Thirdly, Iabour intensive facilities may have camparabie ( or even higher) capita! output ratios when 

compared to capital intensive facilities, especially if working capitalis added to ftxed capita!. This need 

for higher working capital requirements may be due to greater Iabour inputs, and higher time lags 

involved between the incurring of expenditure and receipt of revenue as a result of the methods of 

organization of Iabour intensive facilities. Thus when capital output ratios are used to evaluate the 

technological sophistication of a facility, the above mentioned aspects also require careful consideration. 

The capital-labour ratio or capita! intensity, as it is popularly known, also needs careful interpretation 

when used to evaluate technological sophistication. Two facilities with camparabie levels of technological 

sophistication may exhibit different capita! intensity ratios due to (1) different prices being charged by 

various suppliers for similar plant and equipment; (2) differences in the degrees of mechanization of non

critica! peripheral activities such as packing raw materials, materials handling, etc; (3) impravement of 
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engineering activities at the shop floor which may lead to minor but useful adaptations being build 

around existing plant and equipment. Furthermore, the apparent capital intensity in terms of fiXed capital 

per employee does not make any allowance for skills. For instanee an apparently Iabour intensive activity 

may be "skilled Iabour intensive" and oot "unskilled Iabour intensive". 

On top of all this, the use of monetary values gives rise to a host of measurement problems due to 

imperfections in the economie environment. These aspects are dealt with, in greater detail, in the next 

section. The use of measures based on capital and Iabour could thus be said to be quite complex 

requiring very skilied and careful analysis and interpretation. 

Measures based on Value Added analysis 

Value Added (VA) analysis bas been used extensively as a basis for analyzing the technological 

transformation activities of a production system. This approach seeks to measure the economie value 

added, at a transformation facility, to the inputs. Two popular methods are used for this measurement 

exercise namely the Product Flow Metbod and the Iocome Flow Method. The Product Flow Metbod 

interprets V A as being equivalent to the difference between the economie value of the outputs and 

inputs. This computation is carried out by taking the difference between total sales revenue (including 

iocome from sundry sales, imputed sales and own account) plus the value of increase in stocks and work

in-progress less the cost of intermediate material inputs, intermediate service inputs and indirect taxes. 

The Iocome Flow Metbod on the other hand, calculates VA by computing directly the economie value 

added to the inputs at the transformation facility. This computation involves taking the sum of the 

compensations of the employees, depreciation and amortization, rent and interest paid, transfer and 

charges, net profit before tax and subtracting from this total the rent and interest received, dividends 

received, capital gains and other miscellaneous sundry income. Both the Product Flow and Iocome Flow 

metbod give identical values of V A but with opposite signs. This is due to the fact that it is conventional 

to allocate a positive sign to economie value inflows and a negative sign to outflows. VA computations 

are usually carried out using per annum values. 

Technological aspects are then examined using a series of V A related ratios as surrogate measures. 

Examples of such ratios include VA as a ratio of total tangible fiXed assets ( or fiXed assets by way of 

plant and machinery only), VA per employee, VA per unit employee compensation, V A per unit gross 

output, and profit as a proportion of V A. These ratios may be considered to be indicators of 

technological sopbistkation since they provide surrogate measures of the effectiveness and sopbistkation 

of plant and equipment, Iabour and the organization as a whole. This Transformation facility level ( or 

micro-level) analysis of V A can be extended to cover evaluations at the meso-level (groups of similar 

transformation facilities or a specific industry) or at the macro-level (sectoral or nationallevel). 

While the V A approach for studying technological sopbistkation cao be useful, the metbod bas been 

found to have some deficiencies which need reiteration when results of the analysis are interpreted. 

Firstly, as in the capita} and Iabour based measures the V A analytical framework tends to equate 

technological sophistication with increased capital expenditure for mechanization. Such an interpretation, 

as explained earlier, cao be questioned on the grounds that a technologically advanced facility need oot 

always be more costly. 
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Secondly, VA based computations may not realistically reflect the technological characteristics of a 

transformation facility due to imperfections in the economie environment. Some of these imperfections in 

developing countries include the following: 

a) Price control and other measures such as impositions of quotas and tariff proteetion which tend to 

overvaluefundervalue the prices of material inputs and outputs; 

b) Monopolistic andfor oligopolistic conditions which affect the pricing of material inputs and outputs; 

c) Taxes and subsidies imposed by national governments; 

d) Labour wage rates exceeding the social opportunity cost of onskilled while being lower than the 

social opportunity costof skilied Iabour (including science and technology professionals); 

e) Unrealistic interest rates which tend toonderstate the social opportunity costs of capital; 

f) Overvaluation of the dornestic currency leading to underestimation of the real cost of imports and 

also understating (in local currency terms) the real benefit accruing to the country through exports; 

g) Rapid inflation, in which time-lags andfor government controls distort relative prices; 

h) Deficiencies in saving and in government income, brought about by poverty and the difficulties of 

administering tax systems; 

i) lnequality in the distribution of income and wealth, and in some instances the problem of business 

profits betonging to foreign corporations. 

To overcome these deficiencies, economists have suggested that VA computations be carried out using 

shadow prices so that market price distortions can be eliminated. Some of the popular ways of deriving 

shadow prices are: 

a) through linear programming techniques; 

b) by using price relationships observed in markets for similar items or in markets for some items in 

other countries; 

c) by determining the prices implied by government choices; and 

d) adjusting market prices to allow considerations that are not reflected in those market prices. 

However, these methods too have many limitations and shadow prices derived using these methods may 

not ensure complete elimination of all price distortions. Furthermore, in actual practice, very often 

shadow prices are calculated on a piecemeal basis. This can lead to errors because, for instance, when 

factor inputs or intermediale goods that are used in a variety of industries are shadow priced, this will 

affect the various valuations of all their outputs. In fact it is accepted that, a rigorous shadow-pricing 

exercise, requires a knowledge of marginal input-output coefficients throughout the economy, in order to 

evaluate a consistent set of shadow prices for all factors and intermediate goods. 

Thirdly, while VA analysis is useful for camparing the performance of one transformation facility with 

another, it does not provide adequate information as to why the differences exist. Thus, based on the 

analysis, it becomes the responsibility of the analyst to identify specific reasons for the existence of the 

differences. Since the V A analytica! framework does not lend itself easily to the examination of specifics, 

very often such exercises make it possible only to arrive at broad generalizations. This makes it difficult 

to recommend specific corrective actions. 
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APPENDIX 11 Science and technology 

Science may be said to be the quest for objective laws governing natural phenomena free of any concern 

about possible economie applications. In this sense, science is simply the pursuit of truth itself. On the 

other hand, technology has the practical goal of making directly useful application of scientific principles 

and laws to human life or the process of production. Thus, technology may be said to be concerned with 

"know-how'' while science focuses on "know-why". Science thus generates knowledge while technology 

facilitates the production of materials wealth. 

Although bath science and technology may be said to have their roots at the very beginning of human 

civilization, modern science came into being only during the last few centuries. However, technologies 

emanated from knowledge gained by our instinctive adaption to the natural environment through trial 

and error and its application became formalized very early when the crafts began to be transformed into 

various technological disciplines. In every technology, the practice of applying certain rules of thumb was 

nat explained through the application of scientific knowledge till much later. This farm of skill 

development led to the accumulation of systemized knowledge, which in return resulted in science. 

Nowadays, science and technology have become inseparably linked and have assumed the guiding role in 

the development of modern economie processes. This coupling of science and technology has led to 

tremenclous advances in bath areas. Por instance, onderstanding in fields such as aerospace, nuclear 

physics, geophysics and cell biology, has been greatly facilitated by the technology of improved or 

radically new instrumentation. Similarly, economically important contributions have been made by science 

to technologically important sectors such as steel making, micro-electranies and food processing. 

In the light of these developments, it is desirabie to note the fundamental differences between science 

and technology. Firstly, while the ultimate objective of bath science and technology is to achieve optimal 

development of resources of all kinds, science initiatives are usually directed towards the generation of 

basic and potentially useful information which may be used as an instrument for continued technological 

development. Secondly, while scientific knowledge is, in general, amenable to wide dissemination 

unencumbered by national frontiers, technology is a tradable commodity with proprietary elements and a 

price component built into it. Thirdly, while scientific activities are normally evaluated on its intrinsic 

merit, technology is measured in terms of its contribution to the desired economie and social goals of a 

country. Fourthly, the time frame for science activities is usually medium to long term and allowance has 

to be made for the uncertainties that normally accompany such activities. On the contrary, for 

technological activities, the time dirneusion is of shorter duration and initiatives have to be programmed 

according to clearly defined outlines with the objective of achieving immediate positive outputs. 

While noting these differences, developing countries must nat forget that, as asserted by the renowned 

economist John Kenneth Galbraith, the future society is one in which science and technology will 
determine the direction of socioeconomie changes. The speed of such a societal change is accelerating 

and the area of impact is broadening, while the nature of change is becoming increasingly sophisticated 

and complex. 
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APPENDIX 111 Degrees of sophistication 

The following tables 10 to 13 show a classification for the increasing degrees of sophistication for the 

componentsof technology Technoware, Humanware, Infoware and Orgaware. 

Table JO: Degrees of sophistication of Technoware 

Broad classification Characteristics 
in increasing order of 
sophistication 

Manual facilities Description : Manual efforts and manual control of operations 
Examples : lnclude the use of hands in manual packaging and also hand tools which are 

non-powered (eg. screwdriver) 

Powered facilities Description : Mechanica! power is added to supplement body strength. Control of 
operations is carried out completely by the operator 

Examples : Include powered hand tools such as the portable drill 

General purpose Description : Machine performs generic operations and the control of the operations is 
facilities carried out entirely by the operator 

Examples : lncludes machines such as lathes, milling machines and other general purpose 
machine tools 

Special purpose Description : Machine performs specialized operations and control of operations is carried 
facilities out entirely by the operator 

Examples : Include machine tools such as textile power !ooms 

Automatic facilities Description : Machine performs a sequence of actions without human attention. The 
sequence and completion of the operations are controlled to a very low 
degree by the operator. However, the machine is not self correcting and any 
corrective action has to be initialed by the operator 

Examples : lnclude machines such as automotive transfer machine tools 

Computerized Description : Computer controts enable the machines to: 
facilities - Change speed, position and direction according to measurement signa!; 

- ldentify and select appropriate set of actions; 
- Correct performance after operating; 
- Analyze environmental requirements and adjust to achieve desired 

performance prior to operating; 
Very little direct human involvement in the operations 

Examples : lnclude Computer Numerical Control (CNC), Direct Numerical Control 
(DNC) and Computer Aided Manufacturing (CAM) facilities 

Integrated facilities Description : Operatiens of an entire plant and integrated through the use of computerized 
facilities. Almost no direct human involvement in the operations 

Examples : lnclude completely robotized plants 

Source: [United Nations, 1989, p 22} 
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Table 11: Degrees of sophistication of Humonware 

Broad classiCication Characteristics 
in increasing order of 
sophistication 

Operating abilities Type ofwork : Standard 
Type of decision : Routine 
Physical effort : Low, medium, high 
Mental effort : Very low 
Education : Secondary level and below 
Training : Basic elementary 
Categones : Unskilled and semi-skilied workers 

Setting-up abilities Type ofwork : Standard 
Type of decision : Routine 
Physical effort : Low, medium 
Mental effort : Low 
Education : Secondary level and below 
Training : Short term 
Categones : Skilied workers and technicians 

Repainng abilities Type ofwork : Partly non-standard 
Type of decision : Partly routine 
Physical effort : Low, medium 
Mental effort : Medium 
Education : Vocational and/or tertiary education 
Training : Short to medium term 
Categones : Technicians, scientists and engineers 

Reproducing abilities Type ofwork : Generally non-standard 
Type of decision : Mostly non-routine 
Physical effort : Low to medium 
Mental effort : Medium, high 
Education : Tertiary education 
Training : Medium term 
Categones : Technicians, scientists and engineers 

Adapting abilities Type ofwork : Non-standard 
Type of decision : Non-routine 
Physical effort : Low 
Mental effort : High 
Education : Tertiary education and higher 
Training : High 
Categones : Technicians, scientists and engineers 

Improving abilities Type ofwork : Non-standard 
Type of decision : Non-routine 
Physical effort : Low 
Mental effort : Very high 
Education : Tertiary education and higher 
Training : High 
Categones : Technicians, scientists and engineers 

Innovating abilities Type ofwork : Non-standard 
Type of decision : Non-routine 
Physical effort : Low 
Mental effort : Extremely high 
Education : Tertiary education and higher 
Training : Extremely high 
Categones : Technicians, scientists and engineers 

Source: [United Nations, 1989, p 23] 
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Table 12: Degrees of sophistication of Infoware 

Broad classification Characteristics 
in increasing order of 
sophistication 

Familiarizing facts Description : Information which creates awareness of facilities of interest 
Examples : lnclude pictures, models and brochures containing basic descriptions 

Describing facts Description : Information which enables the understanding of basic principles behind the 
usage of and the mode of operations of interest 

Examples : Examples include equipment and process description 

Specifying facts Description : Information which enables the selection and instanation of facilities of interest 
Examples : lnclude equipment specifications, Iayouts, flowcharts, raw material 

specifications, engineering sketches, engineering blueprints, fabrication details, 
piping diagrams, painting specifications, insulation specifications, electrical 
circuit diagrams and specifications, instrumentation details 

Utilizing facts Description : Information which enables facilities to be utilized effectively 
Examples : lnclude standard operating procedures, equipment set-up details, safety 

instruction, quality assurance procedures, maintenance procedures, faiture 
deleetion and trouble shooting checklists, process control manuals and 
procedures, cost accounting manuals and procedures 

Comprehending facts Description : Information which enables an in-depth knowledge and understanding regarding 
the design and operation of facilities 

Examples : lnclude process details, designs including specifications, production 
management techniques 

Generalizing facts Description : Information which enables improvements to be carried out on design and 
usage of facilities 

Examples : lnclude product development and process impravement information generaled 
through reverse engineering and indigenous R&D 

Assessing facts Description : State-of-the-art information with respect to facilities being used for a specific 
purpose 

Examples : Include comprehensive information on latest developments on the design, 
improvements, performance and usage of facilities 

Source: [United Nations, 1989, p 24] 

Table 13: Degrees of sophistication of Orgaware 

Broad classification Characteristics 
in increasing order of 
sophistication 

Striving framework Description : Small firms, usually owner managed, with Iow capital investment and employing 
small Iabour forces 

Market : Product characteristics are such that a market exists for widely varying quality. 
Usually these firms rely heavily on middleman for marketing 

Production : Use easily available facilities not proteeled by patents. Production schedules 
are usually very erratic due to the fact that the firms have very little control 
over the supply and pricing of outputs 

Workforce : Owner managed and most of the workers have very low level of skilis 
Finance : Use own capita) or obtain it from informal sourees 
Profitability : Very low to Iow 
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Tie-up framework Description 

Market 
Production 

Workforce 

Finance 

Profitability 

Venturing framework Description 

Market 

Production 
Workforce 

Finance 
Profitability 

Protecting framework Description 

Market 

Production 

Workforce 
Finance 

Profitability 

Stabilizing framework Description 

Prospecting 
framework 

Market 

Production 

Workforce 
Finance 
Profitability 

Description 

Market 

Production 

Workforce 

Finance 

Profitability 

Firms (striving framework) which have proved their capability in mastering the 
use of facilities tend to become sub-contractors to big organizations. While this 
provides some security in the short term, their fortunes become tied up to that 
of the big organization 
Guaranteed markets in the short term due to the tie-up 
Rigid production schedules. Opportunities available for upgrading facilities 
with assistance of the big organization 
Owner managed and most of the workers have low level of skills. Due to the 
need for meeting production targets without fait, management practices tend to 
become more formalized 
U se own capital and due to the tie-up, able to obtain a fair amount of support 
from financial institutions 
Although there is a guaranteed market, due to transfer pricing practices, the 
firm may not get adequate profits, Profitability can be increased by reducing 
costs 

Some firms which have gathered adequate expertise and confidence during the 
tie-up phase may decide to venture out on their own and market the product 
independently. This may be more likely in the case of produels with a long 
product life cycle 
Product with a fairly stabie and increasing demand. Great emphasis on 
marketing strategies 
Predictabie production schedules 
Low level of skill but higher than tie-up framework. Owner managed with more 
formalized management practices. Professional managers may also be reeruiled 
in selected areas (eg. marketing) 
Own capital and cautious support from format financial institutions 
Low to medium 

Based on the experience and reputation gained during the venturing framework 
phase, the firms may identify other produels and new markets and decide to 
product and market these using their already well established channels 
Existing product in old and new markets. New produels in old and perhaps 
new markets as well 
Emphasis is on improving product quality and increasing production efficiency. 
U se improved and specialized facilities usually obtained through foreign 
collaboration 
Ownership may be broadbased (two or more active partners) 
lncreased support may be forthcoming from financial institutions due to 
availability of more capital assets offered as collateral 
Medium, but may improve to higher levels with time 

Firms which operated within a protecting framework may tend to stabilize their 
competitive posture by increasing their market share and also by continuously 
upgrading the quality and variety of their outputs 
More aggressive and creative marketing of the products in old and new 
markets 
Continuous upgrading of facilities and great emphasis on value engineering, 
and indigenous designs. Very strict control of production schedules 
Ownership more broadbased 
Easy access to funds from financial institutions 
Medium to high 

Firms which are fast reaching their potential within a stabilizing framework 
tend to build up on their successes by continuously looking for new market 
opportunities and by experimenting with new responses to environmental 
trends 
Very high market orientation. May act as international transferrers of 
technology 
Frequent production modifications and improvement. Tendency to use 
advanced facilities 
High level of skilts used; Professional managers in charge; innovative and 
strategie thinking 
Easy access to capital from national as well as international financial 
institutions 
High. Much of the profit may also be ploughed back into R&D 
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Leading framework Description 

Market 

Production 

Workforce 

Finance 

Profitability 

Source: [United Nations, 1989, p 26 .. 28] 

Some firms in the prospecting framework may become world leaders in 
specialized fields and end up handling the frontiers of technology 
Market leaders and are prepared to meet the market needs of the future as 
well 
Highly sophisticated facilities and are prepared to transfer technology even 
through direct investment. Very high level of in-house R&D with emphasis on 
basic research 
Broadbased ownership; Very high level of skills; Completely managed by top 
professionals 
Very easy access to finance from national and international financial 
institutions 
Very high 
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APPENDIX IV Scoring procedure 

Table 14 shows the applied scoring procedure for the four components of technology. The overlap 

between successive levels has been introduced to indicate that in actual practice a clear demarcation 

between consecutive levels may not be possible. 

Table 14: Scoring procedure for the components of technology 

Degrees of sophistication of the four components of technology Score 

Technoware Humanware Infoware Orgaware 

Manual Operating Familiarizing Striving 1 2 3 
Facilities Abilities Facts Framework 

Powered Setting-up Describing Tie-up 2 3 4 
Facilities Abilities Facts Framework 

General Repairing Specifying Venturing 3 4 5 
Purpose Abilities Facts Framework 
Facilities 

Special Reproducing Utilizing Protecting 4 5 6 
Purpose Abilities Facts Framework 
Facilities 

Automatic Adapting Comprehending Stabilizing 5 6 7 
Facilities Abilities Facts Framework 

Computerized Improving Generalizing Prospecting 6 7 8 
Facilities Abilities Facts Framework 

Integrated Innovating Assessing Leading 7 8 9 
Facilities Abilities Facts Framework 

Source: [United Nations, 1989, p 50} 
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APPENDIX V Generic criteria for the state-of-the-art assessment 

Same generic criteria that may be used to guide the selection of specific measures to assess the state-af

the-art of the four components, of a transformation facility, are presented below. These criteria have 

been developed based on firm level studies that have looked at frrm level performance and operations 

from multiple perspective. 

Since Technoware is the care of any transformation facility it may be useful to commence the 

determination of genericcriteria by examining this component. Five genericcriteria that may be used are 

as follows: 

a) Scope of operations 

b) Precision required 

c) Handling required 

d) Extent of control required 

e) Intrinsic merit of the Technoware with respect to the level of advanced science and technological 

know-how that bas gone into its development and operation 

The above mentioned criteria are presented in more detail in Table 15. 

Table 15: Criteria for the state-of-the-art assessment of Technoware 

State-of-the-art evaluation criteria for Technoware 

Scope of operation The complexity of the operations as evaluated by aspects such as output 
rates, product mix, variety of the material inputs, operating temperatures 
and pressures 

Precision required Ratio of varlation allowed in specifications with respect tot dimensions, 
material attributes, process parameters, component attributes and 
operating environment 

Handling required Physical attributes (state, flowability, unit size, geometrie configuration, 
abrasiveness, corrosiveness, durability) of the materials to be handled 
Movement required (route, path, method of imparting motion, periooicity 
speeds) with respect to the materials being handled 

Extent of control The degree and difficulty of exercising control with respect to environment 
regulations, safety regulations, standardization levels, quality monitoring, 
process monitoring 

Merit of Technoware lnventive merit 
Embodiment merit 
Operational merit 
Market merit 

Source: [United Nations, 1989, p 39} 

However, the merit as used in Table 15 applies to Technoware when a significant inventive concept, 

through its new combination of scientific principles, relieves or avoids major constraints inherent in the 

previous generation of Technoware. In aviation, jet and turboprop engines could be said to have inventive 

merit when compared to the piston engines. Embodiment merit refers to the enhanced value of the 

physical farm given to an inventive concept. For instanee the inventive merit affered by the transistor was 

given embodiment merit by the Japanese when they produced the pocket transistor radio. They 
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reinforeed the size and weight advantages that the transistor affered by miniaturizing the ferrite 

antennae, speakers and tuning capacitors. Operational roerit from the point of Technoware could be said 

to refer to reliability of operations, ease of maintenance, simpter peripheral support required etc. Finally 

market roerit could be said to refer to the characteristics of the output (produced by the Technoware) 

such as consistency of quality, durability etc. 

The generic criteria that may be used to evaluate the state-af-the-art of Humaoware are as follows: 

a) Potential for creativity 

b) 

c) 
d) 

e) 

t) 

Achievement orientation 

Affiliation orientation 

Efficiency orientation 

Risk hearing capacity 

Time integrity orientation 

Details of the criteria are presented in Table 16. 

Table 16: Criteria for the state-of-the-art assessment of Humonware 

State-of-the-art evaluation criteria for Humanware 

Creativity potential The creative powers of the Humanware as evaluated by aspects such as 
intelligence, imagination and intuition 

Achievement orientation The desire to achieve as evaluated by aspects such as success orientation, 
courage, competitiveness and dynamism 

Affiliation orientation The ability to work together as evaluated by aspects such as team spirit, 
respect for merit, social awareness and appreciation of the dignity of 
Iabour 

Efficiency orientation The desire to be efficient as evaluated by aspects such as the willingness to 
work hard, productivity, consciousness and the willingness to accept 
responsibility 

Risk bearing capacity The propensity to take risks as measured by aspects such as the willingness 
to experiment, receptivity to change, and the ability to take initiative 

Time integrity orientation Respect for time and the tendency to treat it as valuable resource as 
evident from aspects such as time based target orientation, and a future 
orientation 

Source: [United Nations, 1989, p 41} 

Due to the criticality of Infoware in decision making the generic criteria for its evaluation could camprise 

of the following: 

a) Ease of retrievability 

b) Number of linkages 

c) Possibility of updation 

d) Ease of communicability 

Details of these criteria are shown in Table 17. 
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Table 17: Criteria for the state-of-the-art assessment of Infoware 

State-of-the-art evaluation criteria for Infoware 

Ease of retrievability The ease of information retrieval as evaluated by the metbod of 
information storage and its reeall and use 

Number of linkages The number of linkages which the information system has with respect to 
sourees and users 

Possibility of updation The possibilities of updating the information in order to ensure its validity 
with time 

Ease of communicability The ease with which the information can be communicated as evaluated by 
the mode of communication used 

Source: {United Nations, 1989, p 41} 

The state-of-the-art of Orgaware is perhaps the most difficult to measure due to the numerous 

exogenous and endogenous factors that affect the management of a frrm. However, some suggested 

generic criteria are as follows: 

a) Motivational capabilities of organizationalleadership 

b) Degree of autonomy at the workplace 

c) Organizational sense of direction 

d) Extent of employee involvement 

e) Extent of stakeholder orientation 

t) elimate for innovation within the organization 

g) Integrity of organizational operations 

The details of these criteria are shown in Table 18. 

Table 18: Criteria for the state-of-the-art assessment of Orgaware 

State-of-the-art evaluation criteria for Orgaware 

Leadership to motivate The ability of the organization to motivate its employees through effective 
leadership as evident from aspects such as organizational objectives and 
visibility of top management 

Autonomy to work The degree of autonomy given to the employees as evaluated by aspects 
such as active delegation, informal working systems and efforts to promote 
entrepreneurship 

Sense of direction The extent to which the organization as a whole is given a sense of 
direction as measured by the timeliness of performance feedback, close 
attention to planning, strategie thinking and prudent performance control 

Extent of involvement The extent to which employees are involved in the functioning of the 
organization as evident from aspects such as pride in affiliation, good 
intraorganizational communication, opportunities for development and 
genuine respect for the individual 

Orientation of stakeholder The extent to which the organization is committed in meeting 
(commitment to) the expectations of its stakeholders (customers, 
shareholders, employees, suppliers, financiers, govemment and society in 
general) 

Climate for innovation The innovative elimate within the organization as measured by aspects such 
as comparative performance evaluation, directed R&D, international 
perspective, technology orientation and sensitivity to changes in the 
business environment 
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Integrity of operations The integrity with which the organization carries out its operations as 
evident from aspects such as adherence to genuine meritocracy and 
business ethics 

Source: [United Nations, 1989, p 43] 

The above mentioned criteria could be made more comprehensive depending upon the nature of the 

transformation facility being studied. However, at any transformation facility, based on its techno

economie characteristics, the above generic criteria could be used to derive specific criteria for the state

af-the-art assessment. 
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APPENDIX VI Relative importance scale 

Table 19 shows the relative importance scale for evaluating component contribution intensities. 

Table 19: Relative importance scale for evaluating component contribution intensities 

Intensity of Definition Explanation 
importance 

1 Equal importance Two activities contribute equally to one 
objective 

3 Weak importance of one over the other There is evidence favouring one activity 
over another but it is not conclusive 

5 Essential or strong importance Good evidence and logica! criteria exist 
to show that one is more important 

7 Demonstraled importance Conclusive evidence shows the 
importance of one activity over another 

9 Absolute importance The evidence in favour of one activity 
over another is of the highest possible 
order of affirmation 

2, 4, 6, 8 Intermediale values between two Compromise is needed 
adjacent judgements 

Source: [United Nations, 1989, p 56] 
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APPENDIX VII Description of items of Technoware 

The major items of Technoware of the CA TV-modules product line that have been identified are: 

a) Wafer sawing 

b) Diebonding 

c) Wirebonding 

d) Connector attach 

e) Capacitor attach 

t) Heatsink attach 

g) Trafo soldering 

h) Laser trimming 

i) RL/Siope testing 

j) Trafo gluing 

k) Marking top cap 

I) Top cap sealing 

m) Hybrid testing 

n) Packaging 

Each of these items are briefly described below. 

Wafer sawing 

The wafer sawing process cuts the wafer containing the transistor and capacitor chips. The sawing 

process goes as follows. Firstly, the machine operator attaches the wafer to a metal ring covered by a 

thin plastic film. Then the wafer is manually loaded into the sawing chuck. The sawing sequence is being 

programmed by the operator after which she has to abserve the sawing process. Occasionally the sawing 

blade's alignment has to be adjusted. The total sawing cycle takes approximately 30 minutes. 

The chips, also called dies or crystals form a matrix. In order to be able to piek up individual dies, the 

wafer has to be cut or sawn in horizontal as well as vertical direction at the connecting boundaries of the 

dies. The wafers, which are produced by Philipsin Nijmegen (The Netherlands) are slightly smaller than 

a compact disc, have a thickness of 200 IJm and contain on average 3000 to 4000 dies. The dies are 0.4 x 

0.4 mm or 0.5 x 0.75 mm in size. To eosure that the individual crystals are completely separated, the 

sawing blade cuts completely through the wafer and an extra 15 IJm in the supporting film. This has to 

be done very accurately because the thickness of the film is only 75 IJm. The sawing blade has a 

diameter of ± 4 cm and has a thickness of 50 1-Jm. 

Diebonding 

The diebonding process attaches between 4 and 12 dies onto a small printed circuit board. These printed 

circuit boards also called substrates are 10 x 25 x 3 mm in size and are made by Philips Brussels 

45 



(Belgium). The diebonding process goes as follows. Firstly the operator loads the metal ring with the 

wafer into the diebonding machine. Then a tweezer is used to load the individual substrates onto a rail. 

The operator has to align the dies, after which an arm picks up a die, transfers it to the correct spot on 

the substrate and scrubs it into the contact spot on the substrate. The machine is programmed to align 

the substrate for the attachment of the next die. After all the dies have been attached, the substrate is 

being transported to the unloading mechanism. 

Wirebonding 

The wirebonding process attaches small wires between the dies on the substrate and the printed circuit 

on the substrate to establish an electrical connection. The operator has to load and unload the individual 

substrates. The wirebonding machine is programmed for the pattern of attachment. A vision system and 

pattern recognition makes alignment adjustments if necessary. Between 16 and 42 wires are attached per 

substrate. The wire, produced by American Finewire in Singapore, has a diameter of 25 J.lm. 

Connector attach 

The connector attach is a manual attachment of a connector to the substrate. The connector is going to 

act as the electrical interface between the component and the outside circuitry. The connector which 

looks a bit like a comb, is clamped and pressed onto the side of the substrate. 

Capacitor attach 

The capacitor attach is the placement of several capacitors onto the substrate. Before the capacitors are 

placed with a tweezer, solder is dispensed on the spot where the capacitors will be attached. The size of 

the capacitors allows this process to be done manually. 

Heatsink attach 

The heatsink is attached by dispensing solder onto the heatsink and pressing the substrate and heatsink 

in a jig. After the attachment, curing is necessary to make the attachment permanent. The heatsink made 

by Janone (Japan), acts as a component frame and heat transfer component. 

Trafo soldering 

During the trafo soldering process, one or two small trafos are manually soldered onto the substrate. The 

core ferrite (plus wiring) trafos are produced by Philips Components in Spain. 
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Laser trimming 

The laser trimming machine cuts resistors in the printed circuit of the substrate with a laser beam to 

change the electrical behaviour of the component. By cutting parts of the resistors, the power 

consumption and power gain of the component are influenced. The toading and unloading of the 

components is done manually. The cutting process is fully automatic. 

RL/Siope testing 

The RLfSlope testing stage tests the ReturnfLoss (RL) parameters of the component. The component is 

manually loaded in a test jig. Network analyzers test the ReturnfLoss parameters while the operator is 

aligning the trafos on the substrate. If the parameters are correct, the slope, gain and flatness of the 

component have to be tested on another machine. If oot correct, the component has to be realigned 

again on the RL machines. This cycle continues until both the RL as well as the Slope adhere to the 

standards. Due to the large variety of components and the large number of variables per component, 

experienced operators are needed. Nevertheless the RLfSlope testing is very time consuming. After the 

trafo is being permanently ftxed onto the substrate after the trafo gluing operation, the substrate is tested 

again for the RL/Slope to check the parameters. This reeheek is necessary because the trafo gluing 

operation might have misaligned the trafos. 

Trafo gluing 

Trafo gluing takes place to eosure the position of the trafo. Fixing the position of the trafo prevents 

changes in behaviour of the component. The glue is manually dispensed on the substrate, after which the 

substrate has to be cured for 30 minutes at 125 °c. 

Marking top cap 

At the marking top cap stage, the top cap of the component (housing) is manually printed with the 

components identification data. 

Top cap sealing 

During the top cap sealing, the top cap is attached onto the substrate. To eosure durability of the 

component, the top cap is filled with a rubber sealant after which is cured to solidify the rubber. 

Hybrid testing 

During the hybrid testing phase, the fmished component gets a last computer controlled parameter test. 

If the behaviour of the component is oot according to specifications it will be rejected. The ones that are 
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correct will be packaged and shipped. The toading and unloading of the components in the test jig is 

done manually. 

Packaging 

The individual components are loaded manually into a blister pack (tray). The blister packs are inserted 

into a box and four boxes are inserted into a big box. The big box is being sealed and marked (bar 

coding) and stored until it is ready for shipment. 
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APPENDIX VIII State-of-the-art rating of Technoware 

The following specific criteria have been used for evaluating the state-of-the-art of the Technoware. The 

score per criterium is always between 0 and 10 (mentioned between brackets). The criteria arebasedon 

data obtained through the interviews, available literature and observations of the production lines of 

PSPI. The state-of-the-art rating of the individual items of Technoware can be calculated by using 

equation 7. 

Wafer sawing 

1. Number of directions of cuts available [two:10, one:O] 

2. Sawing mode available [fully automatic:10, semi:5, manual:O] 

3. Cutting speed [variable:10, fixed:O] 

4. Cutting depth [variable:10, fixed:O] 

5. Programmabie in both systems of measurement (mm/inch) [yes:10, no:O] 

6. Availability of instrumentation control (2.5 points per item) 

Sawing cutting monitor 

Monitoring of coolant flow rate 

Number of cuts done 

Parameters inputted 

STi = (10 + 5 + 10 + 10 + 10 + 2.5 + 0 + 2.5 + 2.5)/60 = 0.875 

Diebonding 

1. Workpiece feed [automatic:10, manual:O] 

2. Bonding sequence control [programmable:10, manual:O] 

3. Bonding rates (cycles/hour) [:::3500:10, ::::1500:0] 

4. Die piek-up allgoment [automatic die positioner:10, manual:O] 

5. Bonding location control [pattern recognition system:10, manual:O] 

6. Wafer size possible [>4":10, ::::4":0] 

7. lnstrumentation control available (2 point per item) 

Piek-up monitoring camera 

Bonding monitoring camera 

Temperature profûe of workholder 

Pressores and flow rates of auxiliary gases 

Camera for checking synchronization of bondarm and die ejector 

STi = (0 + 10 + 5 + 0 + 0 + 0 + 2 + 2 + 0 + 0 + 2)/70 = 0.329 
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Warebonding 

1. Workpiece feed [automatic rail type:10, manual:O) 

2. Bonding sequence control [programmable:10, manual:O) 

3. Bonding rates (wiresjsec) [2:4:10, <4:0) 

4. Bonding location control [pattern recognition system:10, manual:O] 

5. Workholder [convertible:10, rigid:O] 

6. Battery back-up [with:10, without:O) 

7. Wire size [25 1-Jm to 150 1Jm:10, smaller range:O) 

8. Channels of ultrasonic generator [2:4:10, <4:0] 

9. lnstrumentation control available (3.33 points per item) 

Instruction display 

Temperature proftle of workholder 

Bonding Monitoring camera 

STi = (0 + 10 + 10 + 10 + 0 + 10 + 10 + 0 + 0 + 0 + 3.33)/90 = 0.593 

Connector altach 

1. Connector cutting [automated:10, manual:OJ 

2. Connector loading [automated:10, manual:O) 

3. Substrate loading [automated:10, manual:O) 

4. Connector to substrate clip-on attach [automated:10, manual:O) 

5. Solder dispense [automatic dispensing machine:10, manual:O) 

STi = (0 + 0 + 0 + 0 + 0)/50 = 0.0 

Capacitor altach 

1. Solder dispensing [automatic dispensing machine:10, manual:O) 

2. Substrate loading [rail or jig:10, single load:O) 

3. Capacitor placement [pattern recognition systemjautomated:10, manual:O) 

STi = (0 + 0 + 0)/30 = 0.0 

Heatsink attach 

1. Workpiece feed [multiple jig type:10, single load:O] 

2. Dispense on heatsink [auto screen print:10, manual:O) 

3. Reflow machine: Nominal speed (inch/min) [2:8:10, <8:0) 

4. Reflow machine: Temperature control varianee (0C) [ <2:10, >2:0) 

5. Reflow machine: Temperature range (0C) [max:>350:10, <300:0) 
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6. Reflow machine: Controllable zones [>4:10, 4:5, <4:0) 

7. Reflow machine: Temp. profile info souree [built in computer:10, auxiliary equipment:O) 

STi = (0 + 0 + 10 + 10 + 10 + 5 + 0)/70 = 0.5 

Trafo soldering 

1. Metbod of bonding [ultrasonic:10, soldering:OJ 

2. Manner of solder dispense if soldered [automatic dispensing machine:10, manual:O] 

3. Soldering metbod [hot air/IR:10, soldering iron:OJ 

4. Workpiece loading [multiple by jig:10, single load:O] 

5. Fumesfwaste disposal [with:10, without:O) 

STi = (0 + 0 + 0 + 0 + 10)/50 = 0.2 

Laser trimming 

1. Workpiece loading [indexing/automated:10, manual:O) 

2. No. of trims available per loading [multiple:10, one:O) 

3. No. of RF input signals available per loading [multiple:10, one:OJ 

4. XYZ positioning control [programmable:10, manual:O) 

5. Range of cutting/trimming speeds [multiple:10, ftxed:O] 

6. Parameter/limits setting control [computer:10, logic gate control:O) 

7. Available instrumentation (5 points per item) 

Flow rate auxiliary gases and coolant 

Trimming deviation monitoring 

STi = (0 + 10 + 10 + 10 + 10 + 10 + 0 + 0)/70 = 0.714 

RL/Slope testing 

1. Response presentation of ReturnfLoss [analog/digital:10, analog:O) 

2. Parameter readout indicator [analog/digital:10, analog:O) 

3. Integration of measuring equipment [yes:10, no:O) 

4. Parameter and test set-up [programmable through computer:10, machine re-set-up:O) 

5. Faiture indicator [equipment generated:10, visual inspection:O) 

STi = (10 + 10 + 10 + 10 + 10)/50 = 1.0 
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Trafo gluing 

1. Trafo glue dispensing [automatic dispensing machine:10, manual:O] 

2. Glue curing: availability of instromenlation control (5 points per item) 

Curing time 

Temperature profile 

STi = (0 + 5 + 0)/20 = 0.25 

Marldog top caps 

1. Marking metbod [laser marking:10, manual:O] 

STi = (0)/10 = 0.0 

Top cap sealing 

1. Rubber temperature application [automated:10, manual:O] 

2. Curing instrumentation control available (5 point per item) 

Curing time 

Temperature profile 

STi = (0 + 5 + 0)/20 = 0.25 

Hybrid testing 

1. Inlegration of test equipment [yes:10, no:O] 

2. Frequency range capacity [40 MHz to 1 GHz:10, 40-450 MHz:O] 

3. Availability of info and data of test [computer generated:10, manual:O] 

4. Availability of statistica! analysis/data [computer generated:lO, none:O] 

5. FailjPass indicator [equipment generated:10, operator inspection:O] 

STi = (10 + 10 + 10 + 10 + 10)/50 = 1.0 

Packaging 

1. Workpiece loading [automated:10, manual:O] 

2. Barcode/label placement [automated:10, manual:O] 

STi = (0 + 0)/20 = 0.0 
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APPENDIX IX State-of-the-art rating of Humaoware 

The following specific criteria have been used for evaluating the state-of-the-art of Humanware. The 

score per criterium is always between 0 and 10 (mentioned between brackets). The criteria arebasedon 

data obtained through the interviews, available literature and observations of the production lines of 

PSPI. The state-of-the-art rating of the individual categories of Humaoware can be calculated by using 

equation 8. 

Operators & Leadgirls 

Operators: 

1. Production volume (pieces/day) [4000:10, 3200:0] 

2. Quality (visual defectsin parts per million) [0:10, > 100:0] 

SHj = (3.75 + 4.8)/20 = 0.4275 

Leadgirls 

1. Production volume (pieces/day) [4000:10, 3200:0] 

2. Quality (visual defects in parts per million) [0:10, > 100:0] 

3. Quality circles formed (number/year) [1:10, 0:0] 

SHj = (3.75 + 4.8 + 5)/30 = 0.4516 

Number of operators 314 

Number of leadgirls 4 

Total number 318 

Weighted score: SHj = 0.4275(314/318) + 0.4516(4/318) = 0.4278 

Supervisors 

1. Attainable volume per year (percentage) [100:10, :s;95:0] 

2. Confirmed line item performance (percentage) [100:10, :s;92:0] 

3. Lot rejection rate (percentage) [1.5:10, :s;6:0] 

SHj = (2 + 5 + 2.22)/30 = 0.3074 
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Department heads 

Department head production 

1. Attainable volume per year (percentage) [100:10, ~95:0] 

2. Confirmed line item performance (percentage) [100:10, ~92:0] 

3. Lot rejection rate (percentage) [1.5:10, ~6:0] 

4. Throughput time (days) [1:10, 5:0] 

5. Headcount performance ratio (percentage) [100:10, 90:0] 

6. Overtime operators (percentage) [0:10, 4:0] 

SHj = (2 + 5 + 2.22 + 7.5 + 5 + 2.5)/60 = 0.4037 

Department head quality 

1. Technical know-how (company rating scale) [5:10, 3:0] 

2. Management know-how (company rating scale) [5:10, 3:0] 

3. Teamwork & Communication (company rating scale) [5:10, 3:0] 

4. Problem solving/Decision making (company rating scale) [5:10, 3:0] 

5. Discipline (company rating scale) [5:10, 3:0] 

SHj = (6.5 + 5.5 + 9.5 + 5.5 + 4)/50 = 0.62 

Department heads engineering 

1. Overall rating (company rating scale) [5:10, 1:0] 

SHj = (7.5)/10 = 0.75 

Number of department heads 

production 1 

quality 1 

engineering 3 

Total 5 

Weighted score: SHj = 0.4037(1/5) + 0.62(1/5) + 0.75(3/5) = 0.655 

Managers & Executives 

Product group performance indicators 

1. Quality indicators (company rating scale) [4.5:10, 3:0] 

lot reject rate 

customer indicatorsfnumber of complaints 
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2. Technical indicators (company rating scale) [4.8:10, 2.5:0] 

material impravement 

machine impravement 

layout impravement 

new products 

machine efficiency 

3. Efficiency indicators (company rating scale) [5:10, 2.5:0] 

personnel efficiency 

organizational efficiency 

material efficiency 

4. Logistics performance indicators (company rating scale) [5:10, 2:0] 

delivery performance 

confirmed line item performance 

stock levels 

supply (not out of stock) 

5. Profitability (company rating scale) [5:10, 3:0] 

profit befare tax 

profit after tax 

SHj = (5.33 + 4.348 + 8 + 4.33 + 10)/50 = 0.6403 

Department performance indicators 

1. Overall rating (company rating scale) [5:10, 1:0] 

SHj = (7.75)/10 = 0.775 

Individual performance indicators 

1. Overall rating (company rating scale) [5:10, 3:0] 

SHj = (7)/10 = 0.7 

Weighted score: SHj = (0.6403 + 0.775 + 0.7)/3 = 0.705 

Engineers 

1. Overall rating (company rating scale) [5:10, 1:0] 

SHj = (7.875)/10 = 0.7875 
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Design engineers 

1. Overall rating (company rating scale) [5:10, 1:0] 

SHj = (6.875)/10 = 0.6875 

Quality control engineers 

1. Technica} know-how (company rating scale) [4.5:10, 2:0] 

2. Management know-how (company rating scale) [4.0:10, 2:0] 

3. Teamwork & Communication (company rating scale) [4.5:10, 1:0] 

4. Problem solving/Decision making ( company rating scale) [ 5:10, 2:0] 

5. Discipline (company rating scale) [5:10, 3:0] 

SHj = (7.6 + 9 + 10 + 6.33 + 5)/50 = 0.759 

Quality inspeetors 

1. Technica} know-how (company rating scale) [4:10, 1:0] 

2. Management know-how (company rating scale) [4:10, 1:0] 

3. Teamwork & Communication (company rating scale) [4.5:10, 1:0] 

4. Problem solving/Decision making (company rating scale) [4:10, 1:0] 

5. Discipline (company rating scale) [5:10, 1:0] 

SHj = (7.33 + 8.33 + 9.428 + 7.66 + 8.75)/50 = 0.83 

Technicians 

1. Overall rating (company rating scale) [5:10, 1:0] 

SHj = (6.25)/10 = 0.625 
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APPENDIX X State-of-the-art rating of Infoware 

The following specific criteria have been used for evaluating the state-af-the-art of lnfoware. The score 

per criterium is always between 0 and 10 (mentioned between brackets). The criteria are based on data 

obtained through the interviews, available literature and observations of the production lines of PSPI. 

The state-af-the-art rating of Infoware can be calculated by using equation 9. 

Infoware 

1. Extent of management information 

total industry information:10 

partial industry information:5 

only corporate information:O 

2. Extent of networking 

online network from supplier to customer:10 

online corporate network:8 

partial online corporate network:6 

local interdepartment network:5 

no online networking:O 

3. Monitoring schemes 

online automatic process control, automatic shutdown of machines:10 

statistkal process control online:8 

statistkal process control by operator:? 

formal system existing, organization well developed:5 

no distributed process control:O 

4. Issuing documents for process control 

paperless manufacturing:10 

full effective paper based document system:5 

no formal document system:O 

5. Degree of vertical communication 

openness 98%, worker to management. (2% of information is not open, such as new 

products, breakthroughs, some strategie information, succession in companies, etc) Business 

information, strategie information and direction in relationship to customers, suppliers and 

competition bas a high level of openness. Clear perception of top management regarding 

workforce or shopfloor concerns. Workforce or shopfloor awareness of top management 

decisions: 10 

50% openness:5 

no openness outside/within company, low communication top-down and bottom-up, no clear 

perception of management regarding worker concerns and no awareness of worker of top 

management decisions:O 

57 



6. Degree of horizontal communication 

totai openness (98%)/shared resources of man, facilities, know-how etc. Mutual deveiopment, 

Totai department participationfcommunication:lO 

reasanabie communication, mutual respect, self initiated cooperation:6 

reasanabie communication, mutual respect, authority driven cooperation:5 

no openness (0%), isiands/autonomous organizations within company. No cooperation, 

respect and communication:O 

SI = (6 + 6 + 7 + 6 + 7 + 6.5)/60 = 0.642 
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APPENDIX XI State-of-the-art rating of Orgaware 

The following specific criteria have been used for evaluating the state-af-the-art of Orgaware. The score 

per criterium is always between 0 and 10 (mentioned between brackets). The criteria arebasedon data 

obtained through the interviews, available literature and observations of the production lines of PSPI. 

The state-af-the-art rating of Orgaware can be calculated by using equation 10. 

Orgaware 

1. Quality indicators (company rating scale) [4.5:10, 3:0] 

lot reject rate 

customer indicators/number of complaints 

2. Technica} indicators (company rating scale) [4.8:10, 2.5:0] 

material impravement 

machine impravement 

layout impravement 

new products 

machine efficiency 

3. Efficiency indicators (company rating scale) [5:10, 2.5:0] 

personnet efficiency 

organizational efficiency 

material efficiency 

4. Logistics performance indicators (company rating scale) [5:10, 2:0] 

delivery performance 

confrrmed line item performance 

stock levels 

supply (not out of stock) 

5. Profitability (company rating scale) [5:10, 3:0] 

profit befare tax 

profit after tax 

6. Continuous impravement (company rating scale) [5:10, 2:0] 

number of Company Wide Quality Impravement programs 

participation to programs 

number of quality impravement teams 

number of impact teams 

7. Teamwork and communication (company rating scale) [5:10, 2:0] 

organizational meetings 

responsiveness of organizational directives 

cohesion of department during quality competition 

individual support of business objectives 

so = (5.33 + 4.348 + 8 + 4.33 + 10 + 7.66 + 9.33)/70 = 0.7 
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APPENDIX XII Number of employees per category of Humaoware 

The number of employees per category of Humanware can be found in Table 20. 

Table 20: Number of employees per category of Humanware of the C4 TV-modules product line 

Category Number 
of 

people 

Operators & Leadgids 318 

Supervisors 7 

Department heads 3 

Managers & Executives 3 

Engineers 14 

Design engineers 3 

Quality control engineers 3 

Quality inspeetors 16 

Technicians 17 

total 384 

Source: Phi/ips Semiconductors Manila Consolidated Headcount report november 22, 1992 
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APPENDIX XIII Program listing of the Faddeev-Leverrier metbod 

Tbe following program calculates tbe cbaracteristic polynomial of tbe pairwise comparison matrix by 

using tbe Faddeev-Leverrier metbod [James, M.L., 1977, p 229-235]. Tbe program bas been written in 

TurboPascal 5.0. 

program Faddeev _ Leverrier; 

{$N+,E+} 

uses Crt; 

const nn = 10; 

type matrix = array [l..nn] of array [l..nn,l..nn] of extended; 
teller = integer; 
pp = array [1 .. nn] of extended; 

var B : matrix; 
A,M,R : array [l..nn,l..nn] of extended; 
r1,k1,r2,k2 : teller; 
tl,t2,t : teller; 
p: pp; 
n: integer; 

Procedure Invoer; 
begin 

ClrScr; 
Write('Size of tbe matrix: '); 
ReadLn(n); 
WriteLn; 
for r1:=1 ton do 
begin 

for k1: = 1 to n do 
begin 

Write('A[',r1,',',k1,'] = '); Read(A[r1,k1]); 
B[1][r1,k1]: =A[r1,k1]; 
for tl: =2 to n do 
begin 

B[tl][r1,k1]: =0; 
end; 
R[r1,k1]: =0; 
if r1=k1 tben M[r1,k1]:=1 else M[r1,k1]:=0; 

end; 
end; 

end; 
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Procedure Trace; 
begin 

p[t]: =0; 
for tl:= 1 ton do 
begin 

p[t]: = p[t] + B[t][tl,tl]; 
end; 
p[t]: = (1/t)*p[t]; 

end; 

Procedure Multiply; 
var s : array[l..nn] of extended; 
begin 

for tl:=l ton do 
begin 

M[tl,tl]: = p[t]; 
end; 
for r1:=1 ton do 
begin 

for k1:=1 ton do 
begin 

R[r1,k1]: = B[t][r1,k1]-M[r1,k1]; 
end; 

end; 
for k1: = 1 to n do 
begin 

for r1:=1 ton do 
begin 

for tl: = 1 to n do 
begin 

s[tl]: =A[r1,tl]*R[tl,k1]; 
B[t + 1][r1,k1]: = B[t+ 1][r1,kl] + s[tl]; 

end; 
end; 

end; 
end; 

Procedure Uitvoer; 
begin 

WriteLn; 
for t1:=1 ton do 
begin 

WriteLn('p[',tl,'] = ',p[t1]:15:10); 
end; 

end; 

begin 
Invoer; 
for t:=1 to n-1 do 
begin 

Trace; 
Multiply; 
WriteLn; 
for r1:=1 ton do 
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begin 
for kl:=l ton do 
begin 

Write(B[t][rl,k1]:3:0); 
end; 
WriteLn; 

end; 
end; 
t:=n; 
Trace; 
for rl:=l ton do 
begin 

WriteLn; 
for kl:=l ton do 
begin 

W rite(B[ t ][ rl,kl] :3:0); 
end; 

end; 
WriteLn; 
Uitvoer; 

end. 
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APPENDIX XIV Program listing of the Bairstow metbod 

The following program solves the roots of the characteristic polynomial of the pairwise comparison 

matrix using the metbod of Bairstow [James, M.L., 1977, p 141-149]. The program has been written in 

TurboPascal 5.0. 

program Bairstow; 

{$N+,E+} 

uses Crt; 

const N=4; 

type R = array[O .. N] of extended; 

var A,B,C : R; 
EPSI : extended; 
UI, VI : extended; 
P,Q : extended; 
U,V: extended; 
DELTU,DELTV: extended; 
IT : integer; 
RAD : extended; 
R1,R2,R3,R4: extended; 
IMG : extended; 

procedure Invoer; 
var t : integer; 
begin 

ClrScr; 
EPSI: = 0.0000000000001; 
Write('UI = '); 
ReadLn(UI); 
Write('VI = '); 
ReadLn(VI); 
WriteLn; 
{UI:=1; 
Vl:=1;} 
U:=UI; 
V:=VI; 
A[0]:=1; 
{WriteLn('A[O] = 1'); 
for t: = 1 to 4 do 
begin 

Write('A[',t,'] = '); 
ReadLn(A[t]); 

end; 
WriteLn;} 
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A[l ]: = -4; {negatieve van de oplossing} 
A[2):=0; 
A[3): = -299 /360; 
A[4):=-1/30; 

end; 

procedure Calculate; 
var t : integer; 
begin 

t:=O; 
repeat 
begin 

t:=t+l; 
B[O):=l; 
B[l): =A[l)-U; 
B[2): =A[2)-(B[l)*U)-V; 
B[3): =A[3)-(B[2J*U)-(B[l)*V); 
B[4): =A[4)-(B[3J*U)-(B[2J*V); 
C[O):=l; 
C[l): = B[l)-U; 
C[2]: = B[2)-(C[l )*U)-V; 
C[3): = B[3)-(C[2)*U)-(C[l)*V); 
C[4): = B[4)-(C[3J*U)-(C[2J*V); 
DEL TU:= ( (B[NJ*C[N-3])-(B[N-l)*C[N-2]) )/( (C[N-l)*C[N-3])-(C[N-2J*C[N-2]) ); 
DELTV:=((C[N-l)*B[N-1])-(C[N-2)*B[N)))/((C[N-l)*C[N-3])-(C[N-2)*C[N-2])); 
U:=U+DELTU; 
V:=V+DELTV; 

end; 
until ( (Abs(DELTU) + Abs(DELTV)) < EPSI); 
WriteLn('Aantal iteraties : ',t); 
WriteLn; 

end; 

procedure Uitvoer; 
begin 

RAD:= (U* U)-( 4*V); 
if RAD< 0 then 
begin 

Rl: = -(O.S*U); 
R2: = -(O.S*U); 
IMG:=O.S*Sqrt(Abs(RAD)); 
WriteLn('Lambdal = ',R1:30:20,' + ',IMG,'i'); 
WriteLn('Lambda2 = ',R2:30:20,'-',IMG,'i'); 

end; 
if RAD= 0 then 
begin 

Rl: = -(O.S*U); 
R2: = -(0.5*U); 
WriteLn('Lambdal = ',R1:30:20); 
WriteLn('Lambda2 = ',R2:30:20); 

end; 
if RAD> 0 then 
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begin 
Rl: = -(0.5*U) + (0.5*Sqrt(RAD) ); 
R2: = -(0.5*U)-(0.5*Sqrt(RAD)); 
WriteLn('Lambdal = ',R1:30:20); 
WriteLn('Lambda2 = ',R2:30:20); 

end; 
RAD:= (B[l]*B[l])-( 4*B[2]); 
if RAD< 0 then 
begin 

R3: = -(0.5*B[l]); 
R4: = -(0.5*B[l]); 
IMG: = 0.5*Sqrt(Abs(RAD) ); 
WriteLn('Lambda3 = ',R3:30:20,' + ',IMG,'i'); 
WriteLn('Lambda4 = ',R4:30:20,'-',IMG,'i'); 

end; 
if RAD= 0 then 
begin 

R3: = -(0.5*B[l ]); 
R4: = -(0.5*B[l ]); 
WriteLn('Lambda3 = ',R3:30:20); 
WriteLn('Lambda4 = ',R4:30:20); 

end; 
if RAD> 0 then 
begin 

R3: = -(0.5*B[l]) + (0.5*Sqrt(RAD) ); 
R4: = -(0.5*B[l ])-(0.5*Sqrt(RAD) ); 
WriteLn('Lambda3 = ',R3:30:20); 
WriteLn('Lambda4 = ',R4:30:20); 

end; 
end; 

begin 
Invoer; 
Calculate; 
Uitvoer; 

end. 
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APPENDIX XV Program listing of the Gauss metbod 

Tbe following program uses tbe Gauss elimination metbod to calculate tbe eigenvector [James, M.L., 

1977, p 169-177]. Tbe program bas been written in TurboPascal5.0. 

program Gauss; 

{$N+,E+} 

uses Crt; 

const n=4; 

type M = array[l..n,l..n] of extended; 

var A,B: M; 
Lambda : extended; 
x : array[l..n] of extended; 

procedure Invoer; 
var r ,k : integer; 
begin 

ClrScr; 
A[1,1]: =1; 
A[1,2):=0.2; 
A[1,3]: = 0.333333333333333; 
A[1,4]: = 0.25; 
A[2,1]:=5; 
A[2,2]:=1; 
A[2,3]:=3; 
A[2,4]:=2; 
A[3,1]:=3; 
A[3,2]: = 0.333333333333333; 
A[3,3]:=1; 
A[3,4]: = 0.5; 
A[4,1]:=4; 
A[ 4,2]: = 0.5; 
A[4,3]: =2; 
A[4,4]:=1; 
{Lambda:= -0.0757126782; 4.114490962460752030;} 
Lambda:= { -0.039826515767240668; }4.051109547476949030; 
{ for r: = 1 to n do 
begin 

for k:=1 ton do 
begin 

Write('A[' r " k '] = ')· 
'''' ' ' ReadLn(A[r,k]); 

end; 
end; 
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WriteLn; 
Write('Lambda = '); 
ReadLn(Lambda);} 
WriteLn; 

end; 

procedure Wissell(t:integer); 
var h : array[l..n] of extended; 

max : extended; 
t1 : integer; 
hl : integer; 

begin 
max:=O; 
for tl: =t to n-1 do 
begin 

if abs(A[tl,t])>max then 
begin 

max: = abs(A[tl,t]); 
hl:=tl; 

end; 
end; 
for tl:=l ton do 
begin 

h[tl]: =A[hl,tl]; 
A[hl,tl]: =A[t,tl]; 
A[t,tl]: = h[tl]; 

end; 
end; 

procedure Eliminatel; 
var t,r,k,w: integer; 

h : extended; 
eh: char; 
fac : extended; 

begin 
for t:=l ton do 
begin 

A[t,t]: =A[t,t]-Lambda; 
end; 
for t: = 1 to n do 
begin 

A[t,n]: = -A[t,n]; 
end; 
for t: = 1 to n do 
begin 

A(n-l,t]: =A[n-l,t] + A[n,t]; 
end; 
for r:=l to n-1 do 
begin 

for k:=l ton do 
begin 

B[r,k]: =A[r,k]; 
end; 

end; 
end; 
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procedure Eliminate2; 
var t,r,k,w: integer; 

h : extended; 
eh: char; 
fac : extended; 

begin 
for t:=l to n-2 do 
begin 

for r: = t + 1 to n-1 do 
begin 

Wissell(t); 
fac: =A[r,t)/ A[t,t); 
WriteLn(fac); 
for k:=t ton do 
begin 

for w:= 1 to n-1 do 
begin 

WriteLn(A[w,1):10:5,A[w,2):10:5,A[w,3):10:5,A[w,4):10:5); 
end; 
WriteLn(t "r" k)· 

' '' ' ' repeat until Keypressed; 
eh:= ReadKey; 
WriteLn; 
A[r,k]: =A[r,k]-(fac* A[t,k]); 

end; 
end; 

end; 
x[n]:=l; 
x[n-l):=A[n-l,n)/A[n-l,n-1); 
for t: = n-2 downto 1 do 
begin 

h:=A[t,n]; 
for k: = t + 1 to n-1 do 
begin 

h: = h-(A[t,k)*x[t + 1]); 
end; 
x[t): = h/ A[t,t); 

end; 
end; 

procedure Wissel2(t:integer); 
var h : array[l..n) of extended; 

max : extended; 
t1 : integer; 
hl : integer; 

begin 
max:=O; 
for tl:=t to n-1 do 
begin 

if abs(B[tl,t]) >max then 
begin 

max: = abs(B[tl,t]); 
hl:=tl; 

end; 
end; 
for tl: = 1 to n do 
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begin 
h[tl]: = B[h1,tl]; 
B[h1,tl]: = B[t,tl]; 
B[t,tl]: = h[tl]; 

end; 
end; 

procedure Eliminate3; 
var t,r,k,w: integer; 

h : extended; 
eh: char; 
fac : extended; 
res : array[l..n] of extended; 

begin 
for r: = 1 to n-1 do 
begin 

res[r]:=O; 
for k: = 1 to n-1 do 
begin 

res[r]: = res[r] + (x[k]*B[r,k]) 
end; 
WriteLn('res[',r,'] = ',res[r]); 

end; 
WriteLn; 
for r: = 1 to n-1 do 
begin 

B[r,n]: =B[r,n]-res[r]; 
end; 
for t:=1 to n-2 do 
begin 

for r: = t + 1 to n-1 do 
begin 

Wissel2(t); 
fac: = B[r,t]/B[t,t]; 
WriteLn(fac); 
for k: = t to n do 
begin 

for w: = 1 to n-1 do 
begin 

WriteLn(B[w,1]:10:5,B[w,2]:10:5,B[w,3]:10:5,B[w,4]:10:5); 
end; 
WriteLn(t' 'r' 'k)· , '' ' ' 
repeat until Keypressed; 
eh:= ReadKey; 
WriteLn; 
B[r,k]: =B[r,k]-(fac*B[t,k]); 

end; 
end; 

end; 
x[n]:=1; 
x[n-1]: =x[n-1] + B[n-1,n]/B[n-1,n-1]; 
for t: = n-2 downto 1 do 
begin 

h:=B[t,n]; 
for k: = t + 1 to n-1 do 
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begin 
h: =h-(B[t,k)*x[t + 1]); 

end; 
x[t]: =x[t] + h/B[t,t); 

end; 
end; 

procedure Normalize; 
var Len : extended; 

t: integer; 
begin 

Len:=O; 
for t:=l ton do 
begin 

Len: = Len + Abs(x[t]); 
end; 
for t:=l ton do 
begin 

x[t]: =x[t)*(l/Len); 
end; 

end; 

procedure Uitvoer; 
var t : integer; 
begin 

for t:=l ton do 
begin 

WriteLn('x[',t,') = ',x[t):20:10); 
end; 

end; 

begin 
Invoer; 
Eliminatel; 
Eliminate2; 
{Eliminate3;} 
Normalize; 
Uitvoer; 

end. 
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APPENDIX XVI Alternative scoring procedure 

Table 21 shows an alternative scoring procedure for determining the upper and lower limit of the 

degrees of sopbistkation of the four components of technology. This scoring procedure shows less 

overlap compared to the procedure in Appendix IV. Due to the fact that the score ranges from 1 to 15, 

the factors used in the equations 12, 13, 14 and 15 have to be changed from 1/9 to 1/15 to accommodate 

the changes in the scoring procedure. 

Table 21: Alterative scoring procedure for the components of technology 

Degrees of sophistication of the four components of technology Score 

Technoware Hu manware Infoware Orgaware 

Manual Operating Familiarizing Striving 1 2 3 
Facilities Ahilities Facts Framework 

Powered Setting-up Descrihing Tie-up 3 4 5 
Facilities Ahilities Facts Framework 

General Repairlog Specifying Venturing 5 6 7 
Purpose Ahilities Facts Framework 
Facilities 

Special Reproducing Utilizing Protecting 7 8 9 
Purpose Ahilities Facts Framework 
Facilities 

Automatic Adapting Comprehending Stahilizing 9 10 11 
Facilities Ahilities Facts Framework 

Computerized Improving Generalizing Prospecting 11 12 13 
Facilities Ahilities Facts Framework 

Integrated lnnovating Assessing Leading 13 14 15 
Facilities Ahilities Facts Framework 
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