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FOREWORD:

Statistical studies of earnings are important for many purposes. In the compli

cated and technical process of present day negotiations comparisons of wages

and salaries are done by mOTe and more refined methods. Similar comparisons

are central both in professional and political debate about income distribution·

and inequality in standard of living. Studies in the structure of earnings are

also important for the analysis of consumptions and savings behavior and for

educational plan"ning.
.. .

The complex interaction between all those factors which determine the

structure of earnings makes the analysis a difficult task. In empirical work it

is thus urgent to try various methods of general applicability which catch signif

icant features of the earnings structure. The present study is a statistical ana

lysis of the salary structure in Swedish industry. Although the methodological

aspects of the study are important, the empirical illustrations of the methods of

analysis give results which carry over as suggestions for future research.

The study is made by fil.lic. Anders Klevmarken. It started while the author

was employed by the University of Stockholm and the National Central Bureau

of Statistics. The study was then completed at the Industrial Institute for Eco

nomic and Social Research (IUI) and jointly sponsored by all three institutions.

The statistical data have been obtained from the salary statistics of the Swedish

Employers' Confederation (SAF) and the Swedish Association of Graduate En

gineers (CF). We are grateful to these two organizations, without the generous

support of which this study would have been almost impossible to complete.

We also wish to express our appreciation to the seminar at the Institute of

Statistics, University of Stockholm and the seminar at The Stockholm School

of Economics for their comments and suggestions. The study has also benefitted

from financial support from The Swedish Council for Social Science Research.

Sten Malmquist
Institute of Statistics
University of Stockholm

Stockholm in April 1972

Lars Nab seth
The Industrial Institute
for Economic and Social
Research

Ingvar OWsson
National Central
Bureau of Statistics
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PREFACE

The research underlying this monograph started some years ago, initiated by

Sten Malmquist, head of the Institute of Statistics, University of Stockholm,

and Carl Johan Åberg, former head of the Forecasting Institute, National

Central Bureau of Statistics. As the study advanced preliminary results were

documented in various working papers and research reports. Chapter 3 on

labour composition and mobility contains results obtained already in 1967.

The analysis of age-earnings profiles in Chapter 4 received its present form

after several revisions of a preliminary draft from 1968 and one version was

read at the European Meeting with the Econometric Society in Barcelona in

1971. Many of the results from the cross sectional analysis of salary differ

ences in Chapter 5 were presented in a research report in 1968. This mono~

graph thus contains selected results from previous reports now put together

and extended with new ones.

It has indeed been a great privilege to work in the stimulating environment

of three research institutes: the Institute of Statistics, the Forecasting Institute

and the Industrial Institute for Economic and Social Research (IUI). My

greatest obligation is to Sten Malmquist for all his encouragement and patient

guidance. His generous interest and our frequent discussions have been a great

support, in particular when doubts about my progress were persistent. I am

also indebted to Thora Nilsson, head of the Forecasting institute, and Lars

Nabseth,director for the Industrial Institute for Economic and Social Research,

who have both activelycontributed to my work, not only by »administrative»

support but also by coml1!ents and suggestions to improvements.

Harry Liitjohann and Staffan Lundquist were exceptionally generous strug

gling through unorganized early versions of the manuscript, discussing substan

tive and expository issues at length, and making a great number of invaluable

contributions. No doubt, the book improved very much as a result of their

helpful efforts.

I have been unusually fortunate in receiving many useful suggestions from

Tore Dalenius, Gunnar Eklund, Gunnar Eliasson, Karl-Olof Faxen, Siv Gustafs

son, Jan Henriksson, Erland Hofsten, John Quigley, Erik Ruist and Carl Johan

Åberg.
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I also wish to express my special appreciation to Hans Löfgren and his

collegues at The Swedi~h Employers' Confederation (SAF) who never refused

assistance in providing and interpreting SAF's statistical data, nor in comment

ing on preliminary drafts of the manuscript. Thanks are also due to Jon-Erik

Eriksson and his collegues at The Swedish- Association of Graduate Engineers

(CF) who helped with data and comnients on empirical results. I am grateful

to Kurt-Allan Wallgren for his assistance in comparing the SAF-data and the

CF-data (Chapter 2) and to Sune Robin for providing data from the job-i~di

cator in Dagens Nyheter. I also wish to thank Bengt Cedheim who made a

great job in programming all the computations for Chapter 5, and L. Gruber

who improved my English.

Grateful thanks also go to editorial and secretarial help at all three institutes.

In particular I wish to mention the generous assistance of Ruth Ellerstad and

Wera Nyren at IUI in preparing the manuscript for the printer.

I am of course responsible for any remaining errors of fact or interpretation.

Stockholm in April 1972

Anders Klevmarken
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CHAPTER 1

GENERAL INTRODUCTION AND SUMMARY

Wage and salary differences are of general concern and in the debate the

»facts» presented to support arguments and interpretations of statistics are

often contradictory) or at least they seem to be. In the authors's opinion

this is not usually a result of a conscious attempt to misuse statistics for the

sake of a good cause, but rather the effect of different definitions and dif

ferent methods of analysis. Lack of data, lack of good methods and insuf

ficient understanding of the assumptions behind existing methods leave a wide

range for »expert» interpretations.

In their textbook Wallis and Roberts (Wallis and Roberts [1956]) give many

simple but illustrative examples. One of them is example 77C (p. 77).

»Amanufacturing plant found that the average monthly earnings of its em
ployees had fallen 8 percent during a certain period. This might seem to »prove»
that earnings had gone down. As a matter of fact, however, the earnings of
every single employee were exactly 10 percen t higher than at the be'ginning
of the period. The reason the average earnings fen despite this increase was
that many of the higher-paid employees were dropped at the time the increase
was made, so that the new average included only lower-paid workers.»

Another example is obtained from the negotiations and conflict between

the Swedish Confederation of Professionai Associations (SACO), the National

Federation of Government Officers (SR) and the Swedish National Col1ective

Bargaining Office during the winter and spring of 1971. In this tense situation

contradictory »facts» showing salary increases during past periods of varying

length and in comparison to other groups in the labour market were presented

by both sides. In negotiations comparisons of wages and salaries between

groups of employees have traditionally been made, whenever possible, after

standardization for differences in age and kind of job. The basic principle

underlying the interest in standardization for differences in the kind of job is

that of equal pay for equal job. This principle does not say anything about

the wage or salary difference between two different jobs and it does not nec

essarily conflict with a policy aiming towards an equalization of wages and

salaries. Such a policy is nothing new in negotiatians, but in the negotiatians

during the winter and spring of 1971 these aspects were spotlighted and given

a new emphasis. While SACO and SR, which represent civil servants and
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teachers at middle and high levels in the public sector , presented figures to

show what small nominal increases and even real decreases their member

groups had received during the duration of the previous agreement, new sta

tistics were suddenly thrown into the debate showing that these groups had

in general obtained increases exceeding that of any other group. From the

statistical point of vie",' it is interesting to note that they were obtained by

a method of comparison rarely used before in negotiations in Sweden. These

new data were obtained from a public investigation (Eriksson [1970]) where

each individual in a sample of SACO and SR members was followed over a

number of years and their salaries recorded. The average salary increase ob

tained from these data was high because promotion from one job level to a

higher one in the career of a civil servant was inc1uded in the measurement.

There was thus no standardization for differences in job leve1 in this com

parison.

There is no easy answer to what is the proper comparison, but it is im

portant that the nature of different methods of measurement and the differ

ences between these should be clear1y understood which was probably not

the case during the conflict. (See also Klevmarken [1971 ].)

1.1 AlMS

The t\\'o examples above are both related to negotiations, but the main pur

pose of this study is more general than merely that of criticizing statistical

practice in this particular field of application; it is rather to suggest some

methods for the analysis of ineome and earnings statistics of a wider appliea

bility and to illustrate empirically how these methods work. This study is

not intended to solve one partieular problem by one method espeeially de

signed for this problem. On the eontrary, the methods suggested in this study

are believed to be useful in several different applieations, and some examples

will be given.

The methodologieal aspeets have offered more than enough problems of

interest for one study. Analysis of data from a subjeet matter point of view

is therefore not a primary objective of this study. The empirieal analysis first

of all serves as an illustration of the methods. However, this does not mean

that the empirieal results obtained are not interesting in their own right. Al

though it is the methodologieal aspeets of the study whieh are stressed, its

purpose is in this sense twofold. This double objeetive is more a problem of

presentation than a real problem, beeause a diseussion of methods must always

have some relation to applieations.. Several examples of possible applieations

as well as references to work carried out by others are given below. Most of

them are taken from the fields of economics and salary negotiations, but there

are also some referenc"es to other fields of application.
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·The construction of the models used in this study is naturally influenced

by subject matter studies performed by others. This is for instance true for

the choice of variables which is also limited by available data. As the statistics

used were originally collected for use in negotiations, we have some guarantee

that the variables are at least relevant for this purpose. The present applica

tions of the methods suggested may be cal!ed descriptive in the sense that

little of economie or" institutional explanation is offered of the particular

features found in the data in addition to what is now inherent in the modeis.

Although they are not based on a particular economic or industrial r~lations

theory, the models can easily be modified and expanded to give anSwers to

economie problems. They can thus serve as a basis for an economic analysis.

Some indications in this direction are given in particular in chapter 4, but it

is beyond the scope of this study to pursue the analysis in that direction.

1.2 A READER'S GUIDE

Except for chapters 1 and 2 each chapter is organized in one theoretical and

one empirical part. In order that the reader may benefit from the text in an

empirical part it is not necessary that he should read the corresponding theoret

ical part in detail, but it is assumed that the reader is acquainted with the

notation and main characteristics of the model. It is not necessary to read all

chapters in one sequence since each chapter is relatively selfcontained.

Because of the twofold purpose of the study and the possible difference in

interest of the readers it may be appropriate to give a relatively detailed guide

to the following chapters and summarize the results chapter by chapter.

1.2.1 A reader's guide to chapter 2

Even if the main objective is methodological it is necessary to know the limi

tations and nature of the statistical data in order that appropriate methods

may be designed. It needs hardly be mentioned that this knowledge is a pre

requisite for interpretation of the empirical results. The data used are salary

statistics from the Swedish Employers' Confederation (SAF) and from the

Swedish Association of Graduate Engineers (CF) .which collect salary data for

their negotiations. For readers not familiar with Swedish negotiations for sal

ary earners, the very brief survey of institutions and negotiation practice at the

beginning of chapter 2 may facilitate. understanding of the interest in a study

of the salary structure and also the instrumental rule of the statistics. The re

mainder of chapter 2 is a rather detailed survey of statistical data, its collec-
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tion, definitions and limitations. As the SAF data only cover salary earners

employed by members of SAF there are groups of employees which enter

and leave the records. It is important that readers who want to interpret the

empirical results, in partieular those in ehapter 3, should read chapter 2. Simi

larly, the sta.tistics do not cover employees at top management level which

gives a seleetion bias in the estimates of salary inereases in ehapter 4. and of

salary differences in ehapter 5. This data ·problem is also treated in chapter 2.

1.2.2 A reader's guide to chapter 3

Chapter 3 serves as a general baekground to the empirical analysis in ehapters

4 and 5. The reader who wants to interpret the empirieal results will find

useful information on for instanee age, education and job composition. The

distribution of the number of employees over the edueational qualifieations,

jobs, age intervals and industries presented shows what educational qualifica

tions, jobs and so forth are most frequent and for this reason most worth

while to analyse in the following chapters. Chapter 3 also eontains some in

formation on mobility among salary earners which may be interesting as a back

ground in particular to the investigation of changes in the salary structure in

ehapter 5.

For practical reasons composition and changes in composition with respect

to age, edueation, job and so forth are analysed for two variables at a time,

usually edueation and another variable. The description follows a seheme now

exemplified by its applieation to the variables edueation and industry. First

the edueational distribution (composition) is given for all industries together

for two or three years. The ehange in eomposition between these years is also

presented in detail for all industries together. The educational distribution for

eaeh industry separately is only presented for the last year. Changes in eom·

position for a single industry are measured by two descriptive statistics. The

industries whieh aeeording to these statisties showa ehange in eomposition

that deviates most from the change registered for all industries are singled out

for a eloser examination of the nature of the observed ehange, while the eom

positional change in the remaining industries is considered to be approximately

equal to the overall ehange.

The two descriptive statistics used have no particular relation to the analysis

of the salary structure in chapters 4 and 5. One objection to their introduc

tion then is that their fitness for use in the deseription of compositional

changes in the population of salary earners is difficult to evaluate, but on the

other hand, their simplieity and affinity both with the usual measures of

central tendency and variation and with index numbers may justify their

18



introduction and application. As these statistics do not necessarily have to

be applied to earnings data there is a wider applicability of this approach.

In chapter 3 it is shown that the average annual tumover of salaried em

ployees is 15-20 % of all employed salary earners. This individual mobility

and an increased supply from schoois, universities and other sectors, increased

the total number of salary earners with academic or vocational high school

training employed by SAF members by more than 60 % over the period 1957

1968. Although the aggregate distributions by age, kinds of education, job

and industry only show changes in frequency of not more than a few percent..

age units there are some decided changes in composition. The general incr~ase

in the number of employees is unevenly distributed among industries. In the

period 1957-1968 this more than doubled in Building and construction, while

it decreased in Beverage and tobacco and in Textile industry. The number of

employees with a nonacademic education increased more than those with an

academic degree. The age distribution also changed. The number of employees

below 30 years and between 45 and 60 years increased more than other age

groups. Vet another change in composition is the decrease in the proportion

of employees at high job leveis. Although no analysis of the causes underlying

mobility and changes in salary structure is perforrned in this study the reader

may find this information relevant for an explanation of the rigid salary struc

ture found in chapter 5.

1.2.3 A reader's guide to chapter 4

In econometric literature a distinction is made between cross section analysis

and time series analysis. Nevertheless differences between individuals measured

in cross sections are commonly interpreted" as if the same differences had been

observed from a time series. For instance, the income elasticity of consump

tion estimated from a household survey is sometimes used as a measure of the

effect on comsumption of an increase in income from one point of time to

another. Such an agreement of results from cross sections and time series can

not of course be expected to hold in general (Malmquist [1948],pp.62 ff, Klev

marken [1970]).

Since there is an interest in comparisons of earnings between points of time

and between individuals, it was natural to develop a model which distinguishes

between these two aspects but at the same time links them together. The re

sult is the model developed in chapter 4. The simple observations behind it

can most, easily be explained by figure 1:1. Suppose a group of individuals

is defined by some common characteristics and that it is divided into cohorts

19



Figure 1:1. Cohort and cross sections profiles

MontWy salary (Sw.kr.)
1900

1700

1500

1300

1100

900
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~---I'--+--#----Wl~-~--i--~1900

o 10 20 30 40
Number of years
on the labour market

according to when they started work. Assume also that those who started

work in 1910 received the average initial montWy salary of Sw.kr. 500.

As they grow older their average salary increases and in 1950, when they

have worked for 40 years, they reach the salary of Sw.kr. 1400. Since start

ing salaries increase from one year to another, those who start work later ac

cumulate their increases from a higher initial leve!. For instance, those who

started in 1920 received a starting salary of Sw.kr. 700 and those who started

in 1950 Sw.kr. 1300. If each solid curve is followed to a point which cor

responds to a particular calendar year, for instance 1950, and all these points

are joined, the broken curve marked 1950 is obtained. This curve describes

differences between (groups of) individuals at one and the same point of time
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(cross section profile), while a solid curve describes the salary path of a

group through time (cohort profile). As is shown by the figure the two

kinds of curves (profiles) can be very different.

Age-earnings profiles are of interest in several applications. They are

central in the human capital approach in economics, where the profiles are

100ked upon as a result of investment in human capital (Becker [1962],

Mincer [1970]),and they are used in educational planning to calculate rates

of return for education (Blaug, Peston & Ziderman [1967], Siegfrid [1971] ).*

They are also used in consumption and savings theory to explain the life-cycle

pattern of consumption and savings (Lydall [1955], Tobin [1967J, Thurow

[1969], Klevmarken [1970]). The profiles are of importance in collective

bargaining. Labour unions organizing employees of higher education (academic

and professional education) have in their negotiations with employers used the

characteristics of the age income profile as an argument for high salaries com

pared to those groups which do not have a high education and thus enter the

labour market earlier. Sometimes the comparison between the groups is done

on the basis of lifetime incomes (SACO [1968]). The usual practice of making

these calculations from cross section profiles has been criticized in for instance

Miller [1965] and Ben-Porath [1966]. The discussion about income inequality

in Sweden and the example from the negotiations in 1970/71, which was given

above is another example of the application of age-eamings profiles. Vet an

other application is described in chapter 2, namely that cross section profiles

are used in the negotiation process in Swedish industry to determine the so

cal1ed statistical salary increases due to age (Lind [1963], SAF [yearly] ).

In his work on age-earnings profiles Fase (Fase [1969])mentions actuariai

science as another field of application. The profIles may then be used to

estimate earnings lost for instance because of injury in an accident. (Refer

ences are given in Fase [1969].)

Cohort and cross sectian profIles with the same basic characteristics as age

earnings profJ1es also have applications in other sciences. That cross section

daJa should be supplemented by cohort data in order to avoid misleading con

clusions has long been recognized in the science of demography. As an early

example reference may be made to the report of the 1860 Swedish popula

tion census, signed by F. Berg, the head of the then recently organized Swed

ish Central Office of Statistics. For a long time, however, the dominance of

the life table which in its most current form is nearly always based on c~oss

section data has had the result that the cohort approach has been neglected

* For a criticism see for instance Merrett [1966].
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to same extent. Modern development started with Whelpton [1954] who

pointed out that the cohort approach is fundamental for studying fertility

and who was probably also one of the first scientists to introduce the term

cohort in this context. A more recent Swedish reference is Hofsten [1971 l.*
Vet another example of a combined cohort and cross section analysis is

found in a recent article about the age distribution of cancer (Doll [1971 l).

In a diagram similar to figure 1:1 the author demonstrates that the annual

death rates in lung cancer in England and Wales show the reversed U-shaped

cross section profile by age so weil known from economic applications. This

is so because the death rate increases not only with age but a1so for each

successive cohort.

In applications the data available for derivation of profiles are very often

insufficient and inaccurate. Usually only one or a few cross sections are

availab1e and there may be changes in the cross section profi1es because same

observationa1 units are reported one year but not another. Data on individ·

uals may be very expensive or impossible to obtain whi1e avarages, for in

stance average incomes or average earnings, may be more readily available.

A model which is specified in such away that estimation is possib1e from

this type of data and still permits projections of complete profJ.1es wou1d be

very useful in all applications mentioned.** The aim of chapter 4 is there

fore to develop a statistical framework for analysis and projection of age

earnings profiles with a limited supply of data.

The chapter starts with a formal representation of an individual earnings

path which can be applied to any data. The individual path is seen in this

representation as a deviation from the average path of a weil defined group.

The average path is built up of an average initial salary to which average

yearly salary increases are accumulated, Initial salaries also change from one

year to another. A reason for the immediate introduction of an average path

is that the data to be used are average salaries.

In the later sections of chapter 4 certain simple but rather natural restric

tions are imposed on the formal representation which give a few alternative

versions of the same basic model. In the first model the salary profJ.1es are

* I am indebted to E. Hofsten for comments and references on the application of
cohort and cross section analysis in demography.

** I. am indebted to T. Dalenius who suggested that such a model could be used for
analytic evaluation of data. For instance, cross section data different from the data used
for estimation could be confronted with the predictions from the model to discover
errors in the statistics.
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analysed as a function of active age, Le. number of years in the labour

market, and this model serves as a kind of prototype model. In the second

model the sa1ary increases are a function of both active age and physica1 age.

The third model which is a special case of the second, describes earnings as

a function of physica1 age only. Before the empirical application to pooled

cross section and time series data from CF and SAF is presented, there is a

section about individual variability and the stochastic properties of the modeIs.

It is for instance shown that the individual dispersion around the average path,

as measured by a standard error, is of the same relative magnitude as the

average annual increases.

The application of the model to data from CF shows that active age is

more important for the determination of salary increases than physica1 age.

This is a result which is consistent with the human capital theory. When

the physical age profile model is applied to SAF data grouped by education,

the results show that the estimated average percentage shifts in the cross sec

tions are almost the same for all educational groups. Disregarding a possible

bias in the estimates this result can also be interpreted as an almost equal in·

crease in initial salary for the different educational qua1ifications. The esti

mates of the age dependent salary increases show more dissimilarities between

educational groups. The profiles have a more pronounced peak for employees

with a university degree than for those without. To some extent this may

be an effect of the selection bias previously mentioned.

Under the assumptions of the model used, it is also shown that a lifetime

salary calculated from a cross section profile with a certain discount factor,

numerically equals the lifetime salary obtained from a cohort profl1e dis

counted by a factor which is the sum of the average percentage increase in

initial salary and the discount factor used in the cross section calculations.

The estimated models are also used for numerical calculations of lifetime sal·

aries as weIl as comparative rates of return for education before tax. As the

assumptions used in these calculations are restrictive they primarily serve as

illustrations. The results may be used as a characterization of the sample

period but preferably not as predictions. The restrictive assumptions which

now make predictions doubtfu1 can, however, be modified and will make the

models more realistic. The parameters of the mode1s, which are interpreted

as salaiy increases, are now assumed to be invariant to factors associated

with calendar time but independent of cohort. As the systematic pattern of

the residuals analysed in section 4.3.3 shows, this is a rather restrictive assump

tion. One way of obtaining the desired modification wou1d be to expand the
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present mode1s with an explanation of the inter-yearly variations in salary in

creases in terms of supply and demand for labour, consumer price increases

and other factors. By this kind of expanded model it might be possible to

make meaningful predictions of changes in the shape of the profiles and then

also of future lifetime salaries.

1.2.4 A reader's guide to chapter 5

Although it has not been possible within the present study to incorporate ex

plicitly economic growth factors and price increases in the models and in this

way to investigate whether, in the terminology of Ben-Porath [1966], economic

growth and inflation are neutral with respect to the shape of cross section pro

files, the salary structures of isolated cross sections are analysed and compared

in chapter 5. The definition of structure is mainly determined by the limited

set of variables in the salary data, which of course reflects the concepts and

comparisons of interest in negotiations. In chapter 4 we only consider salary

differences due to education and age, but in chapter 5 differences due to job

level, job family, industry and cost of living area are analysed in addition. It

is quite natural to see promotion from one jOb level to another as one com

ponent of the age-related salary increases in chapter 4 while the other factors

are mainly used for stratification in the same way as education.

Chapter 5 is, however, not only an investigation of the stability of the sal

ary structure as observed in cross sections, but it is also intended as a general

purpose description of the salary structure itself in the sense that it should be

possible to use the description for many different comparisons of salary dif

ferences, possibly by different users. A descriptive problem usually involves

a conflict between ease of presentation and loss of information. The approach

taken here is firstly to give an overall survey of the salary structure by using

a simple and rather restrictive model and secondly to go into some detail which

for practical reasons has to be done on subsets of data.

The statistical model used is the general linear model. Application of this

model makes comparisons possible in a general way. As comparisons between

earnings of different groups of employees are important in negotiations, this

is a field in which application of the methods in chapter 5 could be very use·

ful. T1:le brief survey of negotiation practice in section 2.2 will help to clarify

this point. Another field of application is the analysis of income distributions

in which the general linear model can help to throw light on the role of im·

portant socio-economic variables in shaping the distribution of income from

employment as shown in Hill [1959].
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Chapter 5 starts with a presentation of the general linear model of less

than full rank by an examp1e with two factors. It continues with an ana-

lysis of some specific properties of this mode!. Since it is not a full rank

mode1 the parameter va1ues are not all unique and estimab1e. There are, how

ever, linear combinations of parameters which are unique and estimable.

Traditiona11y the general linear model of less than full rank has been used

mainly to test an estimate estimable linear combinations, e.g. differences be

tween two parameters. In view of the general purpose of this study, focusing

on estimable linear combinations is not appropriate. We aim at a general pre

sentation of the salary structure which makes many comparisons feasible. The

approach chosen is to impose constraints on the parameters in order to obtain

unique parameter values, which may be seen as a standardization of the para

meters. The constraints have to be chosen according to certain rules, but

there are still an infinite number to choose from, Le. the parameters can be

standardized in many different ways. To investigate estimable functions any

of these constraints can be used to obtain a solution to the normal equations,

but when an estimate of each parameter is to be presented one standardiza

tion may be more convenient than another. The choice of constraints with

in the class of feasible constraints determines the interpretation of the para

meters and the corresponding estimates. In a particular application, one

interpretation may be preferred before another.

As the choice of a particular set of constraints is of greater importance in

the present application of the general linear model than is usually the case,

a large part of the theoretical section in chapter 5 is devoted to the choice

of constraints. Some estimation problems are dealt with in the last part of

the theoretical section, in particular problems due to insufficient computer

capacity . In the second half of chapter 5 some properties of the mode1 are

illustrated and evaluated empirically. For this analysis it has been possible

to use individual data rather than averages. Different specifications of the

general linear model have been applied to several subsets of data. This is

done partly in order to economize with computing expenses and partly in

order to economize with limited computer capacity . Both restrictions prevent

the application of a model with all possible factors and interactions of poten

tial interest and it has been necessary to reduce the size of each problem.

This was done both by discarding less important factors and interactions and

by applying each model reduced in this way to subsets of data. To this end

an investigation was necessary as to which factors and interactions could be

omitted without great disadvantage and what effects this procedure would

have on the estimates of the remaining parameters. To keep the computing

costs low the investigation was partIy done by a small modelon a very
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limited amount of data. This may be unsatisfactory from the statistical

point of view since the inference drawn is based on a non-probability sample

and the judgement that similar results hold for the whole data set.

The second part of chapter 5, Le. section 5.2, is now organized as follows.

The first part exp1ains which models and data sets are used, then folIo \vs an

empirical illustration of which estimates are obtained with different sets of

constraints. In additive modeis, Le. models without interactions, comparisons

of effects which belong to the same factor are invariant to the three specific

sets of constraints used, while this is not in general the case for models with

interactions. However, at least for the particular model investigated, the re

sults of such comparisons do not depend critically on the choice between the

three sets of constraints.

The investigation of main effects which follows in section 5.2.3 starts with

a general survey of the salary structure by an additive model which covers all

men with the specified educational qualifications. The effects estimated should

properly be interpreted as averages. The main results are that job level is the

factor which produces the most differentiation. The average salaryat leve1 2

(the highest level) was in 1968 approximately 2.5 times the average of level 8

(the lowest level) after standardization for differences in age, job family, edu

cation, industry and cost of living area. The second most important factor is

age. The relative difference between the age classes with the highest and

lowest average salaries (factor range) was 90 %. The factor ranges of educa

tion and job family were 30 % and 26 % respectively, while cost of living

area and industry were the least differentiatory factors, 9 % and 5 % respec

tively.

The analysis continues with an investigation of the effects of an omitted

factor. As the two factors eost of living area and industry are least impor

tant as to salary differentiation it is natural to omit them to reduce the size

of the model. At least for the particular mode~s investigated this can be done

without any important effect on the estimates of the remaining parameters.

The effect due to education referred to above was obtained after standard

ization for differences in job and other factors. Education, however, de

terrnines to some extent the chances of obtaining a high-Ievel job and if this

effect is also taken into account, the total effect due to education is higher.

One way of obtaining a rough measure of what education means from the

point of view of promotion is to estimate the educational effects before and

after standardization for job level and to compare. The following may be

mentioned as an example of the results obtained. On average a graduate in

business & economics received a salary in 1968 which was 8 % higher than

that of an employee with high school training in commerce when differences
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in job attainment were accol:lnted for. both being employed in commercial

and accounting jobs. Without standardization for job differences, however,

the graduate obtained about 35 % more than the non-graduate. The differ

ence, 27 %, can roughly be interpreted as an effect of better promotion which

comes to a university graduate.

Similarly the age effects estimated without standardization for differences

in job show a higher differentiation than when standardization for job is

carried out. The salary increases due to age estimated in chapter 4 include

effects of promotion and the corresponding cross section profiles reveal salary

differences due to age without standardization for job differences. It should

now be possible to get an idea of how much promotion contributes to ~alary

increases if the age effects obtained before standardization for job leve! are

compared with the effects after standardization. Some rough calculations

show that measured in this way, promotion contributes almost 2 % to the

annual increase of approximately 10 % for employees below 40 years of age

and almost nothing above.

If there are interactions among the factors used to explain the salary struc

ture, the additive models only give an »average view» of the salary structure

and predictions obtained from this kind of model may contain a considerable

error for every subgroup of employees. It is therefore important to investigate

the magnitude of possible interactions. This is done in section 5.2.4 with a

small modet on a limited set of data. The main results are that interactions

eontribute to salary differentiation by about the same magnitude as the main

effects industry and cost of living area. The estimates are, however, rather

uncertain and the subset of data analysed small, and this is why the investiga

tion of interactions is pursued in section 5.2.5 as weIl.

The first sections of the empirical part in chapter 5 which have now been

summarized serve the purpose of giving a general survey of the salary structure

and a guide as to the possibilities of reducing the size of the modeis. This

information is utilized in section 5.2.5 in which the technical, economic and

administrative job families are analysed in some detail. These families cover

all major jobs. The technical job families are analysed separately from the

non-technical families first by additive models and then also by models with

interactions. A comparison between the estimates of the main effects obtained

from additive mode1s, applied to technical and non-technical job families, re

veals no great differenees between these two main groups of families. The re·

sults are similar to those obtained before. Omission of the factors industry

and eost of living area does not change the estimates of the main effects due

to age, education and job very much, nor does the introduction of interac

tians between these factors. To make the models with interactions manageable
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the- technical job families are divided into two halves and so are the non

technical families. The findings show, among other things, that employees

engaged directly in production are better paid than those who work for in

stance in research and development and, similarly, sales work is better paid

than accounting and budget work. The analysis of interactions shows for

instance that relative salary differences between graduates and non-graduates

decrease by age. This result is obtained after standardization for differences

in job attainment and closely agrees with the idea that formal education be

comes less important as an employee grows older. A similar result, although

uncertain, is obtained for the interaction between education and job leve!.

The relative salary differences between educational groups are sma1ler at high

job levels than at low ones. The most important interaction (by statistical

standards) is found between age and job leve!. The salary difference between

high and low job levels increases by age or, to express it in another way, the

salary differences between young and old employees are wider at high job

levels than at low ones. One possible explanation for this result is that there

is a wider scope for experience and skill at high job levels than at 10w leveis.

The data are divided into three non-exclusive groups called »Leavers»,

»Pairs» and »Beginners», which are supposed to correspond approximately to

employees who leave an employer for one reason or another, those who stay

\vith the same employer for at least two consecutive years and those who

start on a new job, respectively, The salary structures of these three groups

are compared in the last-but-one section of chapter 5. No great differences

are observed, but this result is somewhat difficult to interpret as the groups

Leavers and Beginners contain a mixture of employees who leave and begin

for a number of different reasons and who may also have different salary

structures. One conclusion of practical importance is, however, drawn, namely

that results obtained from the analysis of Pairs only can be generalized to

Leavers and Beginners without great loss of accuracy. Pairs are frequently

used both to obtain a more homogeneous set of data and to reduce the num

ber of observations.

The last part of chapter 5 presents the results of an investigation of

changes in the salary structure between 1957 and 1968. A general result

is that the changes have been rather small. Between 1957 and 1964 relative

salary differences due to differences in age decreased somewhat but in 1968

they were again of the same magnitude as in 1957. The differences due to

education have hardly changed at all, nor are there any strong indications of

changes in differences due to job. A minor decrease in salary differences be

tween industries is, however, observable.
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1.3 PRESENT SHORTCOMINGS AND FUTURE RESEARCH

Some of the shortcomings and ..problems of the methods suggested have al

ready been mentioned and there will be more opportunities in the following

chapters to return to this topic. There are only a few concluding remarks.

The profJ.1e model in chapter 4 involves an approximation of a continuous

profile by a polygon. The purist may find this unsatisfactory, but if the

data permit, a closer approximation is easily obtained if the number of seg

ments in the polygon is increased. This approach more readily perrnits a

good fit to various data than enforcement of a particular functional form

and the parameters can be conveniently interpreted in a direct way. Some

of the assumptions underlying the present model are admittedly rather re

strictive. For instance, the initial salary is assumed to follow an exponential

function, except for stochastic deviations with zero expectation. As has al

ready been mentioned, a natural development would be to couple the present

model with another model which explains the salary increases in economie

and/or institutional terms. This is true not only for increases in initial sal

aries but for all salary increases. One problem in this development is the

rather long time series required, as the present salary of one individual de

pends on all previous increases and decreases obtained. The coupled model

would preferably relate salary increases to labour mobility and when this is

achieved our understanding of the labour market may improve considerably.

In the present approach with the general linear model it is at least to some

extent necessary to specify in advance which factors, categories and combi

nations of categories are relevant for an explanation of earnings differences.

For practical reasons it is impossible to try all possible combinations. For

application in situations when the analyser does not know in" advance which

combinations of factors and categories are most important, Morgan and

Sonquist have suggested a method (Morgan and Sonquist [1963]) by which

the total data set is sequentially divided into subgroups so that a residual

variance is minimized. The advantage of this process is that it is not neces

sary in advance to fix the analysis of certain combinations of variables, but

it is the search procedure which will determine the grouping. An obvious

clisadvantage is that one may easily obtain a grouping whose interpretation

from the point of view of the particular application will be difficult. An

other disadvantage is that the sequential procedure does not necessarily give

the grouping which corresponds to an unconditional minimum residual vari

ance. A classification analysis according to the suggestion by Morgan and

Sonquist could possibly be used as a complement to the kind of analysis

made in chapter 5 of this stndy. It would then be primarily a means of

29



identifying interactions prior to the analysis based on the general linear model.

This approach is not used in the present study, however. Instead the choice

of interactions for investigation is made on the basis of results from other

studies and on an analysis of »small» models applied to subsets of data.

There are also other features of the application of the general linear model

which same users may see as disadvantages. It leaves same arbitrariness in

the choice of constraints. However, the empirical results show no important

sensitivity to the choice between the three sets used in this study. Another

problem with this kind of analysis is the relatively high computing expense,

but with the present rapid development of computer techniques its share of

the total costs is reduced.

Although the approaches suggested in this study for the analysis of earn

ings data can certainly be improved in various ways, it is the opinion of the

author that the empirical results show that they are very promising. A de

tailed evaluation of passibilities inherent in the methods will of course have

to be done for each application separately . This is left for the reader in the

follpwing chapters.
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CHAPTER 2

INSTITUTIONAL BACKGROUND AND STATISTICAL DATA

2.1 DEFINITION OF TI-IE POPULATION

The statistical data used in this study has been mainly obtained from the salary

statistics of the Swedish Employers' Confederation (SAF). Salary statistics from

the Swedish Association of Graduate Engineers (CF) are also used to estimate

age-eamings profiles. There are no salary statistics of the same quality as those

of SAF available in Sweden for a period of conseeutive years of the same length.

In particular the job classification system used by SAF is unique, Use of this

data source limits the population studied to salary earners employed by members

of SAF. An additionallimitation which is not imposed by the data is that only

employees who meet certain educational requirements (see below) will be studied.

Defmed in this way, what proportion of the total Swedish labour market does

the data analysed constitute? According to the population survey in 1960 there

were close to 2.3 million men and 1 million women in the labour force.* Of

these approximately 1 million men and 250 000 women were employed in mining,

manufacturing industry and building and construction. About 20 %of the male

(228 077) and 36 %of the female employees (93 338) in these sectors were salary

earners while the rest were wage earners.** The educational qualifications at the

academic and high schoollevels most common in Swedish industry are those in

engineering, business and commerce.*** The population survey gives the totals

for employees with these qualifications in 1960 as 56 474 men and 2684 women.

With very few exceptions they are all salary earners. We thus find that they make

up 25 %of all male and 3 %of all female salary earners.

Only about 65 %of the male and 50 %of the female salary earners were

employed by members of SAF. If we limit our interest to employees with an

education in engineering or business and commerce the figures are 61 %and

48 % respectively for 1960. Only about 3 %of the total number of salary

earners with these qualifications recorded in the SAF statistics are women,

* Employed or temporarily unemployed in at least half time work during the week
October 1-8, 1960.

** Salary earners receive monthly salaries while wage earners are paid per hour or per
week.

*** Civil-, läroverks- and institutsingenjärer and civil- and gymnasieekonomer.
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which is why the study will be limited to men. Figure 2:1 summarizes some

of the characteristics mentioned.

In the SAF statistics only academic qualifications and a few vocationai

high school qualifications are coded while a general high school education is

not distinguished from other less advanced educationa1levels. Of all such sal

ary eamers in the SAF sector there are only 4 % with an academic degree. This

proportion has stayed approximately constant during the whole period of in

vestigation. The proportion with a (vocational) high school education was 20 %

in the mid-fifties and has since then increased a little. In 1967 the proportion

was 25 %. Compared with the total number of salary earners in SAF or the

labour force as a whole, our population is thus rather small, covering altogether

some 40 000 to 50 000 employees.

Figure 2 :1. 2.3 million men in the labour force in 1960
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Source: Census of the Population in 1960 and SAF salary statistics 1960.
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2.2 INDIVIDUAL SALARY SETTING; CENTRAL AND LOCAL

NEGOTIATIONS

The following is a very brief survey of the sa1ary setting process in the SAF sec

tor of Swedish industry. It is based on Lind [1963 l, TCO [1966], Eriksson

[1968], SAF-SIF [1968], Holmberg [ 1969], SIF-SALF-CF [1970], and SAF

[yearlyl. No attempt is made to give a complete picture of the principles under

lying the negotiations or of the institutional setting. The interested reader is re

ferred to the references given and to the literature about job and merit evalua

tion. The purpose of this section is to give the reader who is not familiar with

the negotiations for sa1aried employees in Swedish industry some institutional

background which it is hoped will mak~ it easier to understand the great in terest

in salary comparisons and the instrumental roIe of the salary statistics in these

comparisons.

In most publicatiOJ1s about the salary setting process it is emphasized that

salary setting is individual and differentiated. Employers and employees have

agreed upon three general principles which are basic to salary differentiation.

It should be made according to job content, Le. the skins, responsibility, effort,

etc. required for a job; the individual merits and ability to fulfi1 these require.J

ments and to supp1y and demand conditions on the market. Job content is de

fined by a job classification system which is applied both by employers and by

employee organizations. The nature of this system is described in the following

section. Some attempts have been made to app1y formal systems of eva1uating

merits and ability, but there is no commonly accepted method and practices

vary from one enterprise to another. It is probab1y the most common procedure

that no formal system is used at all. Each job is thus classified according to the

job c1assification system, but this does not mean that everyone with the same

job code obtains the same salary. Individua1 merits and ability leave a wide

range for sa1ary differentiation within the same job. However, as there is no

aeeepted method of measuring merits and ability it is probably difficult in prac

tiee to maintain the distinction between the characteristics of a job and the qual

ities of an employee. (Nor is this distinction eonceptually very c1ear. An examp1e

is that edueation actually he1ps to define the job. See below! )

Individual salary setting implies that no formal salary steps or sehedules of

rates are used. Employers and employees try instead to apply the principles

outlined above in a system of central and local negotiations. In the central ne

gotiations between SAF on the one hand and the employee organizations on

the other a general framework is agreed upon which takes the form of areeom·

mendation to the loeal members of the main organizations. This usually includes

a general percentage increase for every salary earner and sometimes additional
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general percentage increases for certain groups, for instance women or employees

above a certain age. The central agreements may also contain a recommenda

tion for individual increases, Le. a certain percentage of the salary sum is reserved

for individual a11ocation in local negotiations. The agreements also include a re

commendation that normal age and qualification increments should be added to

the negotiated general increase. These increments are not meant to increase the

general salary level but are compensations f9r structural changes within the group

of salary earners. It is not possible to give an adequate description of these

increments in this short survey, but an attempt will be made to describe how

the so called statistical increments due to age are calculated and used.

The solid curve in figure 2:2 represents a cross section profile of average' sal

aries for a particular job or group of jobs. The average salary of employees n

years old is A, the average of those who are n+ 1 years is B, etc. If no increases

are given, the same salaries will prevail the next year, while the employees will

become one year older. The new cross section profile would then be the broken

Figure 2:2. The principle ofstatistical increments due to age
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curve in figure 2:2 and the average salary would decrease. To compensate for

this a statistical increment is calculated for each employee, equal to the distance

BAl for those who are n years old, CB I for those who are n+ 1 years old, etc.

The eurves and therefore also the increments are ealculated from median salaries

obtained from the salary statistics each year. For this reason the increments may

assume new values eaeh year as the eurves ehange in shape. Eaeh employee does

not necessarily obtain »his» increment due to age. Each employer adds up the

increments ealeulated for his employees and the sum is (in principle) redistri

buted in the local negotiations between the employer and the loeal unions for

salaried employees. The salary increments due to age thus belong to the category

of individual increases.

In the local negotiations the central recommendation is implemented and

adapted to particular local conditions. Employer and employee representatives

give proposals for the alloeation of sums reserved for individual alloeation. In

principle the job and the performance of each individual salary earner are re

viewed and his relative salary position evaluated. Any disagreements which may

arise are negotiated.

To be more speeific we will consider the agreement for 1970. The central

recommendation contained the following main points:

a. Each salary is increased by 3 %.
b. 3.3 % of the sum of all salaries (men and women) in each company is re

served for individual distribution.

c. 3 % of the salary sum of all female salary earners in each company is re

served for individual distribution among female salary earners.

d. 2 % of the salary sum for male and female salary earners in eaeh company

who were born in 1946 or earlier and have a salary less than Sw.kr. 2000
per month is reserved for individual distribution among these salary earners.

e. 1 % of the salary sum for supervisors at job levels 6 and 7 in eaeh company

is reserved for distribution among supervisors who have a 10w salary com

pared with the emplöyees they supervise.

According to calculations made in the course of negotiations, these flve compo

nents will increase totallabour costs in the SAF sector by 7 % excluding social

costs like pensions and labour taxes. As has been mentioned already the central

reeommendation also includes stipulations about salary changes which are neutral

with respect to the general salary leve!. The most important are the increases

due to age and qualification. From this stipulation and from b - e it fol1ows

that there are flve »pots» to be distributed among individual salary earners in this

agreement. In the loeal negotiations these pots are caleulated for eaeh company

and distributed to individuaIs. This means that everyone obtains at least a 3 %
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increase but some obtain much more. For an individual company the increase

in labour costs due to this agreement may deviate from 7 % to a greater or lesser

extent, but for SAF employers as a whole it is 7 %.

It is easily seen that salary statistics are very important in this whole process.

In the central negotiations statistics are used for comparisons mainly between

broad groups such as men and women, old and young employees, wage earners

and salary earners and between members of different organizations. They are

also used to calculate the increased labour cost resulting from alternative con

structions of an agreement.

The details in the statistics are even more important at the local level since

comparisons are made between individual employees. It is obvious that stand

ardization with respect to differences in age, job and other factors is of great

importance. It may be mentioned as an additional example of how the statistics

are utilized that each member of SAF receives each year a table from the SAF

statistics division which lists the salary records for all his employees and in addi

tion contains with respect to each employee a comparison with the median salary

and the first and third quartiles applicable to all employees of the same age, job

and cost of living area. On the basis of this table every employer can work out

what were the actual results of the previous year's negotiations in his enterprise

relative to others and also to what extent he had succeeded in his particular sal

ary policy.

Good statistics are thus very essential in the negotiations and this is also true

for the methods used in analysing them.

2.3 DATA COLLECTION AND VARIABLE DEFINITIONS

2.3.1 The SAF salary statistics

Once a year, usually in August* when salary negotiations have been completed

and their results implemented locally, salary statistics are collected from each

member of SAF in the form of information relating to each full-time salary

earner employed. A record is built up for each employee, containing information

both about the employer and the employee. The employer is identified by his

membership number, which is allocated roughly on the basis of one per enter

prise. There are exceptions, however ~ inasmuch as large concerns may have more

than one membership number. If one enterprise has more than one plant~ each

plant is identified by a plant number. Additional information about the plant

(employer) includes employer organization, branch of industry and cost of living

area. For each employee there is a job identification, a code for education and

information about age and remuneration~

* .Exceptlons are May 1961 and September 1966.
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The industry and branch of industry nomenclature is the same as that em

ployed by the Central Bureau of Statistics (see below). Before 1962 there were

four cost of living areas in Sweden, 2-5. No. 5 is the most expensive area and

includes Stockholm and the northern part of Sweden, while No. 2 is the least

expensive area. In 1962 areas 2 and 3 were combined into one area called No. 3.

To facilitate comparisons the two areas have been analysed together even when a

separation could have been made.

A job classification system jointly agreed to by the Swedish Employers' Con

federation, the Swedish Union of Clerical and Technical Employees in Industry

(SIF) and the Swedish Foremen's and Supervisors' Union (SALF) ,vas first pub·

lished in 1955 and revised in 1956. There was one major revision in 1965/66

when the Swedish Union of Commercial Employees joined in the collaboration.

The following summary of its most important features is based on Lind [1963]

and the third edition of the classification system (Position Classification System.

Salaried Employees [1968]). There are two dimensions in the system. One di

mension is a classification according to job content and the other according to

the degree of difficulty or responsibility of the job. Job content is defined by

a number of job families which are grouped together into ten occupational fields.

(Before the last revision there were only nine fields, the job families in field O being

distributed among 1-9.) The ten fields are

O. Administrative work

1. Management and supervision of production

2. Research, experimental and development work

3. Design engineering, industrial and fashion design

4. Other technical work

5. Humanistic and artistic work

6. Teaching

7. General service and health care

8. Commercial work

9. Financial and office work.

An example of a job family in field 1 is Supervision of production, Maintenance,

Transport and repair work (110), and another example from field 8 is Marketing

(810).

The second dimension of the classification is called job leve!. Each family is

divided into a maximum of seven job levels, 2-8. Job level is determined by the

responsibility and difficulty of the job. Level 2 indicates the most responsible

and difficult job and levei8the least responsible and difficuIt one. As an example

we may consider the job family Supervision of production, Maintenance, Trans

port and repair works which contains five leveis. They are
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2. Chief production manager

3. Production manager

4. First production engineer

5. Production engineer

6. First production technician.

A job level is usually determined by the number and position of employees

supervised. This rule is, however, not implemented in the same way in all job

families. For instance, a Chief production manager whose job is classified at

level 2 has the responsibility for 250-1250 workers while a Chief calculator

whose job is at the same level is assisted by two to five subordinates at level 3.

lob levels are thus not exactly comparable between families. Another important

aspect of job level classification is the education normally required. To quote

the nomenclature (pp. 9-10):

»The definitions do not normally state what qualifications and experience are
consistent with the duties described. These requirements, moreover, vary between
the job families. But for jobs which do not entail administrative and/or super
visory responsibility, the following table is broadly applicable:

lob category
with level
figure:

2-4
4-6
6-8

Duties normally entail either theoretical knowledge
corresponding to education as mentioned below, or
comparable practical training:

University education
Gymnasium or technical high school education
Comprehensive school education (9 years)

The table must, however, be applied with discretion, bearing in mind that the
classification of a job is always to be determined on the basis of the definition
for the respective job category in the system. Hence, it is apparent that a job
can be placed in level 4, for example, even if the person who holds the position
has not had a university, gymnasium or technical high school education.»

When in chapter 5 we consider salary differentiation due to education and

job level this association between the two variables will be found very important

fo r the results.

The codes in the system are four-digit numbers. The three first digits identify

the job family; the first of these digits identifies the occupational field. When

a three-digit job family is combined with a job level digit a job type or a job

category or briefly a job is identified by the four digits. There are approximately

250 jobs classified in the system each being separately defined by a description

in the nomenclature. It is recommended that application of the system to a

particular job should be done in cooperation between employer and the 10cal

SIF or SALF union, but it is not one of the matters which are negotiable. If

a local agreement cannot be reached the matter is subrnitted to the central
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organizations. An agreement is reached in most cases but if this is not the case,

each party classifies according to his interpretation of the nomenclature. The

classification for the SAF statistics is thus done by the employers.

Owing to the revision of the classification. system in 1965/66, it is difficult

to campare the job structure and the salary structure before and after the re

vision. An investigation of so called identical individuals made by SAF but not

published gives some indication of the results of the revision. An individual is

classified as identical if he is recorded during two consecutive years, for instance

1965 and 1966 irrespective of whether or not he moved between employers or

organizations. Table 2:1 shows the change in classification and some aspects of

the observed differences between 1965 and 1966. The total mobility between

job families and job leve1s is, however, not only a result of the revision, since

there is always a more or less »normal» mobility even without a revision. A sim

ilar comparison between 1958 and 1959, when the same classification was used in

both years, shows that 87 % of all identical salary earners kept the same job code

and that 7 %experienced a promotion to a higher level. The corresponding

figures for 1965/66 are 65 % and about 15 %. The proportion of employees

who were moved to a lower level was about 3 % on both occasions. Samples

from 1964/65, when there was no revision, give approximately the same result

as those for 1958/59. Some job families were not formally affected by the re

vision, for instance Mathematical work (200) and Laboratory work (210), but

same results from the investigation indicate that these families were also checked

and the classification of jobs revised. The result was an unusual1y large upgrading.

The general effect of the revision was therefore not only the introduction of new

job families belonging to the field Administrative work (O) and a new distribution

among families but also an upgrading of job levels.

The investigation referred to covers all salary earners (table 2:1 only gives sta

tistics for men) while this study is limited to salary earners with certain educa

tional qualifications. As there is no particular investigation of the classification

of this group no immediate inference can be drawn, but on the other hand no

reasons have been found why the general tendency should not hold.

There are nine educational qualifications coded in the SAF statistics.* They are

1. Degree in engineering from a university (Civ.ing., Tekn.lic., Tekn.dL). This

category is usually denoted graduate engineer in the following.

2. Certificate from a technical high school (Läroverksingenjör). This education

usually takes 3 years after 9 years of comprehensive school, but there are

also other combinations. Notation: certlficate in engineering l.

* .In 1969 a mare detailcd classification was introduced.
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Table 2:1". Changes in the classification ojidentical male salary earners at the
introduction of the third edition of the job classification system
in 1965/66

Number of Percentage distribution 1965
Family identical Family Higher Same Lower Other
1966 salary 1965 level level level families

earners 1965 1965 1965 1965
than 1966 as 1966 than 1966

110 8020 110+490 6 56 12 26
120 29 386 120+130 10 64 21 5
140 6 911 120+130 5 59 31 5
200 1 330 200 2 66 11 21
210 8 184 210 3 75 15 7
310 13483 310 3 67 17 13
320 1 463 310+330 3 49 21 27
400 6 594 400+405 5 66 14 15
410 4 139 410 6 62 6 26
440 2344 440 6 65 6 23
470 3 320 470 6 63 7 24

Totals 85 174 6 65 17 12

810 9496 810+9006 9 60 6 25
820 11 139 820+9006 8 71 8 13
840 1 861 840+9006 7 49 4 40
850 1 794 850+9006 5 54 1 40
860 661 860 9 66 5 20
870 3 222 870+9006 10 63 6 21
Totals 28 173 8 64 6 22

900 3 197 900 5 71 17 7
910 2 857 910+930 3 58 21 18
962 139 960 1 28 53 18
964 830 960 1 42 29 28
966 885 960 6 59 24 11
990 20 861 900 8 70 11 11

Totals 28769 7 67 14 12

Alllevels

010 479 110+810+820 63 37
020 510 fields 2-4 and

810+900+910 88 12
040 899 780+790 71 29
060 76 7103 94 6
080 104 560+860 74 26

Total 2068

Unpublished source: U. Andren: Förändringar av de identiska tjänstemännens befattnings-
klassificering vid införandet av den tredje upplagan av befattningsnomenklaturen. SAF 8.8.67.
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3. Certificate from a technical institute (Institutsingenjör). This education

does not give the same broad technical education as 2 above. It usually

attracts students with a more practical bent and normally extends for 1-2

years. Notation: certificate in engineering II.
4. Degree from a business school (Civ.ekon., Ekon.1ic., Ekon.dL). Notation:

degree in business & economics.
5. High school certificate in commerce (Gymnasieekonom). To.obtain this

certificate 3 years of study are normally required after 9 years of compre

hensive school. Notation: certificate in commerce.
6. Degree in social work (Socionom). 3-4 years in college of social work

which also includes some practice in the field. Notation: degree in social

work.
7. Degree in science (Fil.kand., Fil.mag., Fi1.1ic., Fil.dL). Same notation is

used.

8. Degree in law or the social sciences (JuLkand., Jur.1ic., JULdL, PoLmag.,

and Fil.kand., E'il.mag.~ Fil.lic., Fil.dL in the social sciences). The social

sciences are for instance economics, business economics (marketing, ac

counting, management), statistics (but not mathematical statistics), com

puter sciences and information processing, political science~ sociology,

psychology and pedagogics. As some of these subjects also form part of

other educational qualifications there is some possibility of substitution, in

particular between 4, 7 and 8. Notation: degree in law or social sciences.

9. Other university degrees. Degrees in medicine, humanities, theology,

farmacy, forestry or agriculture. Notation: other degrees.

No changes of any importance as regards these nine educational qualifications

have taken place during the sample period. The educational variable thus provides

a consistent grouping.

The salary concept used is what may be called a gross monthly salary. It in

cludes the stipulated basic rate during the month of investigation (usually August).

No deductions have been made for absence from work or individual payments to

pension funds or taxes, nor has overtime pay or the employers' part of payments

to pension funds been added or any adjustments made in respect of differences

in hours of work. The total salary also includes an estimated average payment

in kind, performance bonus and shift differential per month during the year.

These additions are usually a very small proportion of gross salaries.

The statistical data are stored on tape each year in such away that it is very

expensive to follow identical individuals through time. The combined time series

and cross section analyses in chapter 4 have therefore been based on the median

salaries published (SAF [yearly]). However, for some applications the data sets
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for two consecutive years have been matched to form three groups of salary eamers.

The flrst group includes employees who are recorded with the same employer

(membership number) for both years. They are called »Pairs». The second group

includes those who are recorded with one employer the first year but not with the

same employer the second year. This group is ca1led »Leavers». To this group be

long employees who leave one SAF member and move to another as well as those

who move to public service or other non-SAF members or leave the labour market.

Because the SAF statistics do not cover employees at management leve! (see below),

this group also includes all those who are promoted to a management position. The

third group is called »Beginners» and includes those who were recorded with a SAF

member for the second year but not with the same member far the first year. This

group covers salary eamers who move from one SAF member to another (a subset

which intersects Leavers), but it also includes those who move from non- SAF

members and those who come directly from schools and universities. Some em

ployees who may have worked for the same employer both years, namely wage

earners who obtain promotion to the job of work supervisor are also included

among the Beginners. A,s wage eamers are not covered by the salary statistics they

are registered as Beginners~ Although there may be reasons other than those

mentioned why an employee is not recorded. Leavers approximately correspond

to what is normally denoted quitters and Beginners approximately correspond to

those who take a new job.

The SAF salary statistics are collected from all members of SAF and are not ob

tained by a sample survey. The response as given in table 2:2 is measured relative

to the number of salaried employees in the SAF member record less employees at

top management levels who are not included in the survey. The figures in table 2:2

do not directly refer to non-response by education code, but they do indicate that

non-response, as is now defined, is no serious problem.

Table 2:2 also shows the increased coverage of the SAF statistics. The number

of employees almost doubled between 1956 and 1968~ To some extent it pictures

a real increase in the number of salary earners in Swedish Industry as a whole, but

there is also an effect of SAF's efforts to secure new members. It was too expensive

to investigate all new members and all members who leave SAF each year, but two

years 1958 and 1964, were selected for investigation. For both years almost all

companies applying for membership were small. Almost 50 %had no salary earners

at all and of the remaining 50 %hardly any had more than ten. Although this is

exceptional it may come about that a big corporation joins SAF. Membership ap

plications as well as withdrawals are most frequent from bakeries and from common

carriers. These small enterprises do not usually employ salary earners with an ad

vanced education, which indicates that this study of educated salary earners is less

disturbed by SAF's attempts to secure new members than a study of all salary
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Tabl~ 2:2. Response to the SAF salary statistics in 1956-1968

Responding salary earners
Response rate (%)Month Year Men Women
Men and women

August 1956 113 638 37304 89
August 1957 117 641- 38 389 90
August 1958 124242 40019 90
August 1959 128 401 41 038 91
August 1960 136 428 44 521 93
May 1961 143 822 46503 92
August 1962 151 176 48602 90
August 1963 163 533 51 552 92
August 1964 170 095 53 382 93
August 1965 179 618 55 575 94
September 1966 196 335 64464 90
August 1967 205 097 64887 92
August 1968 205 452 63 360 94

Source: SAF [yearly], August 1968.

Note: The response rates are calculated as the total number of salary earners reported
to the salary statistics relative to the total number of salary earners registered in the SAF
membership record.

earners would be. It is not possible however to disregard completely the effect

of increasing SAF membership, in particular when the labour composition at the

beginning of the sample period is compared with that at the end.

A copy of SAF's salary statistics is delivered each year to the Central Bureau

of Statistics which collects salary statistics from non-SAF members. The combined

SAF-SCB statistics cover a few additional percentages of educated salary earners,

but as long as the set of data studied is defined by the job code there is no differ

ence in population, since the SCB addition does not have this code. The combined

statistics have been used in some analyses for practical reasons.

It has already been mentioned that employees at top management level are not

covered by the SAF salary statistics. This is a considerable disadvantage as regards

the study of age-earnings profiles because it results in an underestimation of the

salary increases of middle aged and old employees. Those who are to be promoted

to the management level contribute to the average salary increase for young em

ployees as long as they remain in the statistics, but the observed increases of rniddle

aged and older employees are only based on those who were not qualified for

further promotion to management positions. There are no adequate salary sta..

tistics which cover the top management level and it is thus impossible to estimate

the size of this selection bias, but a comparison has been made with statistics cal

lected by the Swedish Association of Graduate Engineers (CF) to obtain at least
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some information about iL Before the results from this investigation are sum

marized it is necessary to explain some characteristic features of the salary sta

tistics compiled by CF.

2.3.2 The salary statistics of the Swedish Association of Graduate Engineers

as compared with the SAF statistics

The Swedish Association of Graduate Engineers (CF) is organized in sections de

fmed by educational specialization. Each section produces salary statistics cover

ing not only members of the association but also non-members with the same spe

cialization. In this study statistics from all sections will be used to evaluate the

selection bias in the SAF statistics; in chapter 4 statistics of engineers specializing

in electrical engineering (SER) and mechanical engineering (SMR) will be used to
. . fil *estlmate age-earnlngs pro 1 es.

Once a year (usually in August) CF mails its questionnaire to members and non

members. Free enterprisers and engineers abroad are, however, excluded. A re

,gister of non-members is devised from the graduation lists obtained from the col

leges of technology. It is, of course, difficult to keep this register up to date and

very likely many middle aged and older engineers are missing. As the response rate

is very much lower among old than among young engineers, some sections do not

collect statistics or at least do not present the results for engineers older than ap

proximately 50 years. Table 2:3 gives the overall response rate for SER and SMR.

Table 2:3. Response rate to the SER and SMR salary statistics in 1961-1970

Year

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

Response rate (%)
SER SMR

90 80
90 81
90 84
91 86
87 76
87 78
89 76
84 81
84 91
84 94

Source: Salary statistics from SER and SMR.

lVo/e: Response r3.te is defined as number of questionnaires returned to the total number
sent out.

* SER = Svenska Elektroingenjörers Riksförening
SMR =Svenska Mekanisters Riksförening.
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Some of the variations may depend on how weIl the register of non-!nembers is

kept up. The response rate is generally higher for members than for non-members.

For each engineer information is coIlected about his monthly salary, his age and

graduation year. The same definitions are applied as in the SAF statistics. It is

also noted whether the engineer is employed in public service or by a private em

ployer. The CF statistics do not therefore cover only SAF members.

Although there is a high non-response among middIe aged and oIder empIoyees,

there is no reason to believe that all engineers at the top management level belong

to non-respondents. We do not know with what frequency this group answer the

CF questionnaire, nor is it possible to find from the records since there is no job

code, but by a comparison between the CF and SAF statistics for graduate engi-.

neers it may be possible to extract some valuable information. To this end a match

of individual employees between the two data sources was attempted for 1970.*

The comparison was limited to enterprises which could be identified in both

sources. CF does not give an enterprise or company code to small enterprises and

companies (size is measured by the total number of employees, no rigid rule being

followed) which means that as manyas 1738 graduate engineers are excluded from

the comparison simply because no code is found in the CF data. In addition an

other group of approximately 800 engineers is excluded because their employers

are not members of SAF. Consultants belong to this category. The identification

of individuais was therefore attempted for only 6657 graduate engineers. Besides

company code the identification was made by date of birth and salary. As social

security number is not available in the CF record, the identification cannot be made

with complet.e certainty. 2747 engineers were identified in both registers, the

CFnSAF group; 1237 were only found in the CF register and 2673 only in the

SAF register. The unmatched groups are larger than is commonly claimed by CF

and SAF, but there are several reasons for the belief that this is due to the insuf

ficient identification.**

Despite these limitations table 2:4 shows that middle aged and older engineers

are more frequent in the CF and SAF groups than in the CFnSAF group. As the

coverage and response are not high for these age groups in the CF statistics, this

This investigation was carried out by Fil.kand. Kurt-Allan Wallgren.

The membership numbers and the plant numbers in SA.F do n~t exactly c~~cide ~ith
the company code used by CF. Although attention was pald to thIS problem, lt IS posslble
that for instance a plant belonging to an enterprise with a certain number in SAF may not
be found under the code which roughly corresponds to this enterprise in CF, because the
plant there was classified differently, or vice versa. Furthermore, the salary figures do not
always coincide exactly, for instance because payment in kind has been valued differently.
A certain difference was accepted for identification but nevertheless this error possibility
very likely gives too few identical engineers. Although less likely , it is possible that errors
in the birth date will also work in the same direction.
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result may have been predicted for the SAF group, and for the CF group the re

sult is consistent with the hypothesis that the group covers the top management

leve1. Nevertheless 45 %of the group is younger than 35 years.

Table 2:5 and figure 2:3 show that the monthly mean salary of CFnSAF and

SAF is similar across age groups, while the mean salary of the CF group is constant

ly higher. The difference increases by age until the interval 50-59 years. The in

crease is highest around 35 years which may indicate that the engineers above

35 years possess some characteristic different from those below 35, for instance

employment at top management leve1. It is difficult to see why the shortages

in the identification of companies should work in any particular direction. The

lack of identification because of different salaries may be more frequent among

middle aged and old engineers since it may be more common among those who

have jobs with larger proportions of fringe benefits. It is however hard to believe

that this could explain any substantial part of the difference.

Table 2:4. Age distribution o/the CFIlSAF, CF and SAF groups in 1970 (%)

Group Age All groups
22-25 26-29 30-34 35-39 40-44 45-49 50-59 60- % Number

CFnSAF 4.2 28.3 26_2 15.4 11.4 8.9 5.1 0.5 100.0 2747
CF 5.8 18.5 20.6 14.0 15.4 13.5 11.0 1.1 99.9 1237
SAF 2.8 17.7 21.0 14.8 14.6 10.3 14.4 4.4 100.0 2673

Table 2:5. The CF and SAF mean salary relative to the CFIlSAF mean salary in

1970 (percentage deviations)

Age
Group

22-25 26-29 30-34 35-39 40-44 45-49 50-59 60-

er 1.0 4.0 6.5 16.4 23.0 21.1 28.9 23.5
SAF -3.3 0.8 -3.9 -0.3 0.9 1.2 4.7 -5.8
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Figure 2:3. Arithmetic mean salary by age in 1970 (Sw.kr. per month)
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CHAPTER 3

LABOUR COMPOSITION AND MOBILITY

The analysis performed in this chapter of age distribution, educational composi

tion and the employment in jobs and industries will serve as a general background

for the analysis of the salary structure in chapters 4 and 5. The interest will be

concentrated on the educational composition in different sectors of the labour

market such as industries and job families. To describe changes in composition

some descriptive statistics will be defined and also applied to the salary statistics

from the Swedish Employers' Confederation. The purpose is mainly to describe

observable changes rather than to explain them. The properties of the data used

have already been analysed in chapter 2. Definitions of variables are also given

there.

3.1 DESCRIPTIVE METHODS FOR THE ANALYSIS OF CHANGES IN

COMPOSITION

Our methodological problem is to survey the distribution of salaried employees by

age, education, job and industry, and to note how this distribution changes from

one year to another. Since educational qualifications, jobs and industries are

rather numerous we have to look for some relatively simple descriptive statistics

which summarize main characteristics, in order to make the survey manageable.

Each sector and point in time is characterized by a certain number of employees

distributed in a number of subsectors. In an industry, for instance, there are a

number of employees distributed over different educational qua1ifications and

different jobs. A change between two points in time can be described as a change

in the total number of employees of the sector and a change in the distribution

within subsectors.

Suppose there is a group of employees where only two educationa1 qualifica

tions are registered, (1) and (2). Suppose also that the group composition at time

1 is represented by X 11 =(xl~ ~x}r)) in figure 3:1 and the composition at time 2

by X22 ::: (i}), i2~)). Between these two points in time the total number of em

ployees as well as the educational mix have changed. The latter implies that X22

does not lie on the straight line OX1l past XII. These two changes will in the

following be called change in level and change in mix.*

* »Leveb> used in this context should be distinguished from job level.
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Figure 3:1. Geometlj,cal interpretation ofmeasures ofchanges in level and mix

It is not known what ehanges have taken place between the two observed points

in time. The movement from the first observed point to the second point may for

instance have followed the chain line between the points XII and X22 in figure

3:1. Since we do not know the exaet path followed, we may attempt to describe

the ehanges by two straight lines. One passes through XII and the other through

X22 ; both at an angle of 45° with the axes. The first line is the locus of all com

binatians of employees with the two educational qualifieations whieh total x\ \)+
+ x\21) and the seeond is the loeus of all combinations which total x~lJ + xCll em-

ployees. X22 can now be reaehed from XII in two different ways, firstly by way

of X 12 and second1y by way of X21 • (To understand the subindex notation of X

we observe that X. is a point at leve1 J" on the radius from the origin determined
1J
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by the observed point Xii') In the first case the change in level can be measured

by the vector XII X 12 and the change in mix by X 12 X22 and in the second case

the measures are X2l X22 and XII X2 1 respectively. These vectors will be called

leve! vector and mix vector .

The vector distances may be used as a more compact measure of level change~

and mix changes, but as there are two alternative vectors describing each change,

there is no unique distance measure, nor is there a natural preference order between

them. In general lX11 X 12 I*lX21 X22 Iand lX'11X21 I*1X12 X 22 I. As uniqueness

is a desirable propertyit is better to use either of the following equally large ratios

as a measure of changes in level

(3:1)

Q12 minus one multiplied by one hundred is nothing but the percentage rate of

increase in the total number of employees.

There is also another desirable property which the descriptive statistics should

possess. To describe changes which have taken place between more than two points

in time it is desirable that the statistics for the subperiods should be consistent with

the statistic for the whole period. It should be possible to follow some simple role

and link together the statistics for the subperiods to describe the total change which

should then give the same result as when the same statistic is applied to the whole

period. For the ratio (3:1) the rule is obviously a simple multiplication.

(3:2)

Index numbers are usual1y required to satisfy the so called circular criterion,

and the same requirement can be imposed on Q. It simply means that the principle

used to link the Q; should give the original value of Q, say Q 11 = l, if the changes

in level after a number of steps bring the total number of employees back to the

first level, for instance

(3:3)

Note that (3 :3) does not imply that the first and last points are the same.

Although the total number of employees is the same, the mix does not have to

be the same. The truth of (3 :3) is obvious and no proof is necessary. It is also

easily seen that Q satisfies the circular criterion for any number of steps.
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To \lse the distances of the two alternative mix vectors X11 X 21 and X 12 X22

as measures of the change in mix has the disadvantage that there is no criterion

of determining the choice between them. There. is also the disadvantage that they

both depend on the leve!. It is possible to avoid these two drawbacks if the change

in mix is measured by the angle 8 between aX11 and ax22. 8, however, has other

undesirable properties. For a given distance IX12 X22 18 will take a smaller value if

X12 and X22 are elose to one of the axes than if they are. not. Furthermore, if there

are only two educational qualifications it is possible to define a unique positive

direction of change, for instance a change paralleI to the 45° lines towards one of

the axes may be defined as the positive direction while a change in the opposite

direction towards the other axis is the negative direetion. To link successive 8's

the principle to foHow would be a simple summation. If there are more than two

educational qualifications, however, the problem cannot be handled so simply.

The same angle can then be obtained from completely different changes in mix

and a unique measure requires a statement of more than one direction. The sim

plicity of the measure is then lost.

Another me~sure of changes in mix can be obtained if the 45° lines are moved

towards the origin to satisfy the points (1, O) and (O, 1) and if the mix vector is

defined along this new 45° line. This is the same thing as to calculate the relative

educational composition

(3:4)

and then to apply the definition of a mix vector to (3 :4).

(3:5)

(3 :5) can be generalized to cases with more than two educational qualifications.

(3:6)

For every value of n, this distance attains a maximum of V2'and a minimum of O.

If desired , a standardization is thus easily accomplished if the vector distance is

divided by VF. We may also note that the mean of the differences (7}~+k -77~) is

zero since the sum of all 7}i is always equal to one. If the vector distance (3 :6) is

divided by~ we obtain a measure which can be interpreted as a standard devia

tion.
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(3:7)

n
~ (17(i) -17(i»)2

i=l t+k t

n

As the maximum vector distance is invariant- of n, max S will·decrease as n in

creases.. An S based on n~dimensional data does not have to be smal1er than

S based on m-dimensional data, m < n, but one intuitively understands that this

will usually be the case. The S measure is thus unsuitable for camparisons of

two mix changes which take place in spaces of different dimensions. Although

it is not clear that a camparison of a mix change in n dimensions with a change

in m _dimensions. is meaningful, it is suggested that syllor S~ is a bv tter

measure than S in this case.

Which rule should in this case be followed to link successive S's? Suppose

there are 9bservations from three different occasions, 1, 2 and 3. si 3 can be

broken down in the foHowing way.

~ (17~i) _77~i))2 ~ (77~i) _77~i»)2 2~ (77~i) _1}~i»)(77~i) -77\i»)
=i=l + i=l + i=~l _

n n n

(3:8)

and in a more compact notation

(3:9)

The rule which prescribes how the measures of mix changes will be linked is thus

more complicated than the rule for the level ratio, and yet it 31lows a very in

tuitive interpretation. The changes in mix between occasion 1 and occasion 3

equal the sum of the changes between 1 and 2 and between 2 and 3 adjusted for

differences in the direction of the changes. R 12 23 is not only the correlation-,
coefficient between the relative changes in mix, but also the cosine of the angle

between the two mix vectors H l H 2 and H 2 H 3. Consider for instance the four

points Hl, H 2 , H; and H 3 in the plane (hyper plane) which satisfy the points (1,0,

...0), (O, 1, 0,...0), ...(0, ... , 0, 1) and thus form 45° angles with the axes, (figure

3:2). If the mix changes from Hl to H2 and then to H3 , the second change al

most goes in a direction opposite to that of the flrst change which is to same

extent neutralized. The sum of the distances between Hl, H 2 and H2 , H 3 will

then exaggerate the total change unless an allowance is made for the reversal of

direction. If the changes take place instead via H; they work in approximately

the same direction and the third term in (3 :9) will give a positive contribution

to si 3. To see that this agrees with one's intuitive thinking, suppose R 12, 23=1,

Le. the two changes work in exactly the same direction. (3:9) now reduces to
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Figure 3 :2. Geometrical interpretation of changes in mix

(010)

(001)

--6~------------------------~~-x(l)
(100)

(3 :10)

Thus

(3 :11)

Le. the total change in mix (distance) equals the sum of the two subchanges
(distances).

The rule (3:9) and the special case (3:10) can be generalized to more than

three points in time. The expression for the total change will then contain
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correlation coefficients between all subchanges. For instance, with four points

in time we obtain

(3 :12)

The correlation coefficient is of interest not only in connection with the S

measure but also in its own right. It will be used not only to compare the direc

tions of mix vectors but also to compare the composition of groups in general.

The S measure is reversible and satisfies the circular criterion. By definition

the following relation holds

(3 :13)

From (3 :9) and (3 :13) the resultant change in mix from a movement from one

point to another and back again is

(3 :14)

If no change at all is defined as SIl =0, the S measure obviously satisfies the

circular criterion in this simple case. For the case with three steps (time periods)

(3: 12) gives the expression

sil = S~2 + S~3 + S~l + 2R 12 ,23 S l2 S 23 + 2R12 ,3l 812 S31 +
+ 2R23 ,31 S23 S31;

Adding and subtracting the same terms give

(3 :15)

After substitution of (3:9) into (3:16) and application of (3:13) we finally ob·

tain

(3 :17)

The circular criterion is thus satisfied and a generalization to any number of

steps is obvious.
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In the applications which fol1ow below, a point X is characterized by the sum

of the elements of the vector ax, Le. the total number of employees, and by

all elements of the corresponding OH vector, Le. a relative distribution. A

change in composition from one point to another is described by the Q and S

measures and sometimes also by the difference between the two corresponding

OH vectors (relative distributions).*

3.2 EMPLOYMENT BY SECTORS

In 1957 there were 30 140 salaried employees with a degree or a certificate em

ployed by members of the Swedish Employers' Confederation and in 1968 this

sum had increased by 66 %to 50 130. The increase took place mainly during

the first part of the period. Between 1957 and 1964 the number of employees

increased by 52 % and between 1964 and 1968 by only 10 %. The fol1owing

sections will show how the employees are distributed by education, industries

and jobs, and how the change in their total number is reproduced in these dis

tributions.

It has already been pointed out, but it deserves to be mentioned again, that

the changes registered are changes in the number of employees recorded which

implies that the effects of new members entering SAF and old members leaving

and the effects of new classification principles are buried in the calculated

meaSUres. As the purpose is primarily to describe the data used in the analysis

of the salary structure and not to explain changes in the labour market this is

no serious disadvantage. In the previous chapter an attempt was made to get

some information as to the magnitudes of these effects and the tentative con

clusion is that the changes observed in the data, at least in broad groups, are

not influenced very much by these »artificial» effects.

* An alternative approach was also considered. Not only changes in composition but also
the composition itself can be characterized by summary measures. One might try to find
measures which,when applied to a point X 11 , could be linked with the Q and S measures
to characterize a new point X 22. This could for instance be done by one measure of level
and one of mix. The total number of employees is a natural measure of level. The mix
could be related to same reference point, for instance the point with all elements equal
to the recipr.ocal of the number of dimensions, or to same other point which is convenient
in a particular application. The measure might for instance be defined as the vector dis
tance from the reference point to the observed point H. The principle of linking this
measure with the S measure is similar to that for S. This whole approach was, however,
rejected because it was decided that too much information would be lost in the new de
scriptive statistics.
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3.2.1 Educationa! composition by industries

The increases in employment by education and by industry are given in tables

3:1,3:2 and 3:3. Note that the data for 1968 are obtained from the statistics

published by the Swedish Employers' Confederation, while the figures for 1957

and 1964 are obtained from the salary statistics collected in cooperation between

SAF and the Central Bureau of Statistics which cover approximately an addi

tional 2 % of salaried employees with the specified educational qualifications.

The rate of increase of course varies from one industry to another. Iron and

metal works, Quarrying and Building and construction doubled their employment,

while the Beverage and tobacco industries and the Textile industry decreased

theirs by 47 % and 26 % respectively (table 3:1). The observation made for all

industries, that most of the increase in employment took place during the first

part of the period, also holds for each industry with a few exceptions, for in

stance Mining, Iron and steel works, Other metal industry and Food industry.

The S measure in table 3:1 shows that the change in educational mix was no

greater than about l %, 0.6 % for each subperiod. Compared to the 62 % in

crease in the total number of employees* the mix may be characterized as

stable. The S measures calculated for each industry reveal more variability in

some industries, in particular in the Beverage and tobacco industries, in Building

and construction and in Wood industry. The correlation coefficient RS7 / 64 ,64/68

shows that the changes between 1964 and 1968 in many industries went in al

most the opposite direction to the change between 1957 and 1964. Examples

are Mining, Shipyards, and Other metal industry. As the changes are generally

rather small this may be seen as a result of a stochastic variability rather than

a systematic .and significant turn.

Table 3:2 exhibits the educational compositian in all industries taken tagether .

High school certificate in engineering (I and II) is no doubt the dominating edu

cation. The two categories made up 77 % of all educated employees in 1968.

As graduate engineers made up 11 %, there was (and still is) an overwhelming

dominance of engineers among employees with the educational qualifications

considered in Swedish industry. The corresponding distributions for each in

dustry in table 3:3 reveal same rather natural differences in educational mix

due to differences in production methods and educational requirements. The

proportion of graduate engineers is high in Mining, Shipyards, Manufacture of

electrical equipment and in the Pulp and paper industry. In some industries

where the proportion of graduate engineers is rather 10w, but technical knowl

edge is still required, the proportions of high school engineers are high. Examples

* See note to table 3:2.
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are Manufacture of hardware, Repair works, Other metal industry and B\,lilding

and construction. In the latter industry the proportion of engineers with certi

ficate II was as high as 57 %. The proportion made up by employees with an

education in business, economics and commerce is small in Mining, Metal and

engineering industry and in Building and construction but they constitute

greater proportion in the other industries. This is particularly true for those

who have high school training. Educational qualifications other than technical

and economic education can be traced to just a few industries, namely Chemical

industry, Beverage and tobacco industries, Food manufacturing industries, Print

ing and allied industries and Mining. The group Other degrees probably contains

a large proportion of pharmacists which may explain the relatively high propor

tion this group represents in the Chemical, Beverage and Food industries.

The mix vectors in table 3:2 show the change in mix. The resultant change

from 1957 to 1968 for all industries is mainly a small decrease in the relative

number of graduate engineers and high school engineers II and a corresponding

increase of high school engineers I. To find out the extent to which the same

change has taken place in each individual industry, the correlation coefficients

(r) have been calculated between the mix vector for all industries together and

the mix vectors for each industry. Each branch of industry in the Manufactur

ing and engineering industry is compared with the mix vector of the whole in

dustry . The result is shown in the last column of table 3 :1. In the Textile in

dustry the changes in mix have gone in a direction almost opposite to the general

direction, Le. the proportion of employees with a certificate in engineering I has

decreased and that of graduate engineers has increased. The association is very

low in Iron and steel works, metal plants; Food industry and in Leather, furs

and rubber industries. In Iron and steel works, metal plants the proportion of

graduate engineers and high school engineers I decreased by 4 percentage units

and increased by 5 percentage units respectively over the period 1957-1968 which

is the same tendency as the general one, but the proportion of high school en

gineers II also increased by 6 percentage units and that of employees with a certif

icate in commerce decreased by 3 percentage units which is contrary to the general

tendency. The proportion of high school engineers IIaiso increased by 6 percent

ages in Food manufacturing industries and 5 percentage units in Leather, furs and

rubber industries, and in the latter industry the proportion of employees with

commercial education also decreased by 6 percentage units.

The Beverage and tobacco industries were previously known as the industry

with the greatest change in mix. It is one of the smallest industries with only

209 educated employees in 1957. Between 1957 and 1964 their number in

creased by 28 %. The change in mix followed very closely the general tendency.

The number of graduate engineers decreased from 28 % to 14 % and high school

engineers II from 34 % to 26 %, while high school engineers I increased from
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Vl Table 3:1. Measures of changes in employment level and educational mix in 1957-196800

Industry Qs 7,,64 Q64,68 Qs 7,68 Ss 7 ,64 S64,68 Ss 7 ,68 yn ~

RS7/64,64/682"5 57 ,68 rS7,68

All industry 1.498 1.084 1.623 0.006 0.006 0.011 0.023 0..586 l.OOO
Mining 1.195 1.119 1.337 0.033 0.023 0.020 0.042 -0.802 0.637
Metal and engineering industry 1.509 1.069 1.613 0.006 0.001 0.006 0.013 -0.005 0.922

Iron and steel works;
metal plants 1.491 1.404 2.093 0.011 0.021 0.027 0.057 0.365 0.086
Manufacture of hardware 1.412 1.185 1.673 0.013 0.805 0.012 0.025 -0.503 0.555
Engineering works 1.450 0.994 1.441 0.007 0.005 0.007 0.015 -0.405 0.637
Repair works 1.562 0.832 1.300 0.017 0.014 0.024 0.050 0.241 0.753
Shipyards 1.256 1.003 1.259 0.021 0.017 0.011 0.023 -0.858 0.934
Manufacture of electrical
equipment 1.537 1.098 1.688 0.006 0.011 0.009 0.019 -0.625 0.799
Other metal industry 1.175 1.241 1.458 0.043 0.025 0.015 0.030 -0.962 0.851

Quarrying; stone, clay and
glass products 1.566 1.231 1.928 0.021 0.025 0.032 0.068 -0.044 0.950
Wood industry 1.384 1.157 1.600 0.038 0.017 0.037 0.079 -0.157 0.732
Manufacture of pulp, paper
and paper products 1.204 0.907 1.092 0.020 0.007 0.025 0.054 0.848 0.572
Printing and allied industries 0.441 0.056
Food manufacturing industries 1.198 1.300 1.557 0.014 0.020 0.030 0.064 0.638 0.222
Beverage and tobacco industries 1.278 0.412 0.526 0.075 0.087 0.146 0.292 0.639 0.582
Textile industry 0.896 0.826 0.740 0.009 0.008 0.012 0.025 0.092 -0.566
Leather, furs and rubber industries 1.474 0.953 1.405 0.017 0.021 0.029 0.062 0.241 0.194
Chemical industry 1.539 1.170 1.801 0.016 0.015 0.020 0.042 -0.163 0.761
Building and construction 1.652 1.298 2.143 0.017 0.031 0.045 0.095 0.779 0.840

Nate 1: r 57 68 is the correlation coefficient between the mix sector for the whole industry (metal and engineering industry) and each subindustry
(branch in Metal and engineering industry), calculated for the timeperiod 1957-1968.

Nate 2: see note to table 3:2.
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Table 3:2. Educationa! composition in 1957-1968; all industries

Educational gualifications

Degree in Certificate Certificate Degree Certificate Degree Degree Degree in Other All educa-
engineering in en- in en~ in business in in social in law or in academic tional

gineering gineering & econ- commerce work science the social degrees qualifica-
I II omics sciences tions

Number of employees 1957 4 053 9 163 14 116 139 2 162 35 163 159 289 30 879*
Number of employees 1964 5 543 14 247 20824 1 066 3 553 76 360 181 468 46 318
Number of employees 1968 5 661 16 124 22 532 1 010 3 524 62 423 252 542 50 130
Relative distribution 1957- 0.131 0.297 0.457 0.024 0.070 0.001 0.005 .0.005 0,010 1.000
Change in mix 1957 -1964 -0.011 0.010 -0.008 -0.001 0.007 0.001 0.003 -0.001 0.000 0.000
Relative distribu tion 1964 0.120 0.307 0.449 0.023 0.077 0.002 0.008 0.004 0.010 1.000
Change in mix 1964-1968 -O.007 0.015 0.001 -0.003 -0.007 -0.001 0.000 0.001 0.001 0.000
Relative distribution 1968 0.113 0.322 0.450 0.020 0.070 0.001 0.008 0.005 0.011 1.000
Change in mix 1957-1968 -0.018 0.025 -0.007 -0.004 0.000 0.000 0.003 0.000 0.001 0.000

* The figures for 1957 and 1964 are obtained from the statistics collected by SAF and the Central Bureau of Statistics in cooperation. The totals from

the SAF statistics only are 30 140 for 1957 and 45 737 for 1964 and the corresponding Q values are QS7,64 = 1.517, Q64,68 = 1.096 and QS7,.68=1.663



0\ Table 3:3. Percentage distribution of employees by education and industry in 1968o

Education
Degree Certificate Certificate Degree in Certificate Degree Degree Degree in Other All educational

Industry in en- in en- in en- business in in social in law or in academic "1.ualifications
gineering gineering gineering & econ- commerce work science the social degrees % numberI II omics sciences ofem-

ployees

All industry 11.3 32.2 44.9 2.0 7.0 0.1 0.8 0.5 1.1 99.9 50 130
Mining 20.1 33.6 30.8 2.7 5.0 0.4 3.4 2.5 1.5 100.0 678
Metal and engineering industry 11.9 33.1 46.5 1.7 5.5 0.1 0.6 0.3 0.3 100.0 32 274

Iron and steel works;
metal plants 13.9 34.9 39.9 1.5 7.8 0.1 1.1 0.3 0.4 99.9 4023
Manufacture of hardware 6.4 35.2 43.3 3.3 10.5 0.1 0.3 0.5 0.4 100.0 l 527
Engineering works 9.9 33.1 48.4 1.8 5.6 0.1 0.5 0.3 0.4 100.1 14 939
Repair works 1.3 18.6 46.2 5.8 27.1 0.3 0.0 0.5 0.3 100.1 377
Shipyards 14.9 26.7 52.4 1.2 3.3 0.1 0.7 0.2 0.5 100.0 1 590
Manufaeture of electrical
equipment 15.8 33.9 45.4 1.3 2.7 0.1 0.5 0.3 0.1 100.1 9 226
Other metal industry 3.9 32.1 50.7 2.2 10.8 0.0 0.0 0.2 0.2 100.1 592

Quarrying; stone, eIay and
glass produets 10.2 35.1 38.5 2.2 11.6 0.3 1.1 0.7 0.3 100.0 l 573
Wood industry 4.9 32.0 36.8 2.7 20.7 0.1 0.4 0.6 1.9 100.1 701
Manufaeture of pulp, paper
and paper produets 15.2 30.8 27.6 3.3 16.2 0.3 0.5 1.3 4.9 100.1 1 986
Printing and al1ied industries 1.2 18.2 36.4 14.2 20.6 0.4 2.4 4.3 2.4 100.1 253
Food manufacturing industries 7.1 26.8 26.3 6.7 21.7 1.0 3.6 1.8 5.0 100.0 897
Beverage and tobaeco industries 8.2 20.9 13.6 3.6 29.1 0.0 0.0 1.8 22.7 99.9 110
Textile industry 7.4 31.4 35.4 6.4 17.6 0.0 0.4 1.1 0.3 100.0 717
Leather, furs and rubber
industries 4.2 39.0 33.1 4.6 18.5 0.0 0.0 0.5 0.2 100.1 590
ChemicaI industry 12.6 27.9 32.6 3.5 9.9 0.3 4.6 1.3 7.2 99.9 3 178
Building and construction 8.7 30.2 57.0 '0.5 3.3 0.0 0.0 0.2 0.1 100.0 7 173

Source: SAF salary statistics 1968.



13 % to 21 % and employees with a certificate in commerce from 12 % to 17 %.
The group other academic degrees also increased from 0.5 % to 8.6 %. During

the second period the total number of employees decreased by 59 % and at the

same time the changes in mix deviated from the general tendency. The propor

tions of all educational groups decreased except certificate in commerce, +12

percentage units, degree in law or in the social sciences, + 1 percentage unit, and

other academic degrees, +14 percentage units. The proportion of high school

engineers II decreased by almost 13 percentage units.

A general and perhaps trivial conclusion from these comparisons of changes

in mix is that on an aggregate level the changes are rather small, the mix is

stable, but when the data are broken down into smaller groups covering shorter

time periods there are greater changes which, however, seem to behave in a

rather erratic manner .

3.2.2 Composition by job and education

The tool at our disposal for investigation of the job composition is the position

classification system used by the Swedish Employers' Confederation (SAF), the

Swedish Union of Clerical and Technical Employees in Industry (SIF), the Swed

ish Union of Supervisors and Foremen (SALF) and the Swedish Union of Com

merciai Employees (HTF). The results obtained from comparisons of job com

position naturally depend to a great extent on the classification system and its

application. It was mentioned in the second chapter that the classification

system was revised between 1965 and 1966, and this makes a comparison be

tween job compositions before and after the revision very difficu1t. As the re

vision was directed more towards the job families than towards the leveis, no

comparison is made between the job family compositions in 1964 and 1968

respectively. The comparison of job level compositions should be interpreted

with care (see section 2.3).

The distribution of job families in 1956 and 1964 are exposed in table 3 :4.

The technical job families dominate. In 1956 13 % were employed in commer

cia1 work and 6 % in financial and office work. Each of the proportions had in

creased by 2 percentage units by 1964. Among the technica1 families the pro

portions of Managing and supervision of production and Design engineering de

creased by 3 percentage units and 4 percentage units to 17 % and 26 % respec

tively by 1964, while the proportion of Research, experimental and development

work increased by 2 percentage units to 16 %. The distribution for 1968 is

given in table 3:5 without comparisQn, except for Research, experimental and

development work which was in principle unaJfected by the revision. Its pro

portion decreased to 13.5 %by 1968. Administrative work (O. in the new clas

sification) has a higher than average proportion of employees with academic
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Table 3 :4. Distribution by job families in 1956 and 1964; all educational
qualifications

lob family 1956 1964-1956 1964

1. Managing and supervision of
production 0.201 -0.032 0.169

2. Research, experimental and
development work 0.135 0.021 0.156

3. Design engineering, industrial
and fashion design 0.296 -0.039 0.257

4. Other technical work 0.173 0.006 0.179

5. Humanistic and artistic work 0.001 0.001

6. Teaching 0.001 0.002 0.003

7. General services and heal th care 0.003 0.003 0.006
8. Commercial work 0.133 0.020 0.153
9. Financial and office work 0.057 0.019 0.076

All families 0.999 0.001 1.000
Total number of employees 27 449 17 139 44 588

Note: Jobs with less than 10 employees are exc1uded.

degrees. This category also includes legal work. Research, experimental and de

velopment work is mare graduate engineer intensive than average, while produc

tion work and design are high-school engineer intensive. Besides administrative

work, those with an economic education naturally work in commercial, finan

cial and office jobs. The proportions of engineers are however relatively high

in these job families also. The explanation is that commercial work often re

quires technical knowledge to understand and explain products to customers.

These jobs also frequently involve a technical service function to the customers.

A technical element in the job family Financial and office work is systems work,

programming and computer operation. Of the 85 ernployees in General services

and health care 63.5 % are physicians.

Some summary measures of changes in the educational composition have

been calculated for each job family (table 3 :6). The increase in the total number

of employees in all families over the period 1956-1964 is recorded as 62 %.
Only Managing and supervision of production and Design showalesser increase.

The changes in educational mix is largest in General services and health care,

Commercial work and Financial and office work. The reason why the figure for

General services and health care is so high is because in this family only Degrees
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Table 3:5. Educationa! composition by job families in 1968

Job family All
Education O 1 2 3 4 5 6 7 8 9 job families

Degree in engineering 0.193 0.114 0.284 0.088 0.057 0.067 0.038 0.109
Certificate in engineering I 0.182 0.341 0.342 0.369 0.335 0.393 0.581 0.302 0.090 0.317
Certificate in engineering II 0.218 0.529 0.323 0.543 0.599 0.607 0.419 0.365 0.411 0.114 0.454
Degree ~n business &

0.149 0.021econonncs
Certificate in COlnmerce 0.099 0.003 0.178 0.587 0.081
Degree in social work 0.033 - 0.001
Degree in science - 0.032 0.001 0.003 0.016 0.006
Degree in law or in the

0.125 0.003 0.007 0.003socIal sciences
Other academic degrees 0.016 0.018 0.006 0.635 0.003 0.008

All educational
qualificatians 0.999 1.000 0.999 1.001 1.000 1.000 1.000 1.000 1.001 0.000 1.000

Number of employees 1 097 10215 7304 13 113 7 866 61 129 85 9 873 4208 53 951
Relative distribution
of employees 0.020 0.189 0.135 0.243 0.146 0.001 0.002 0.002 0.183 0.078 0.999

Nate l: Employees employed by members of the Swedish Commercial Employers' Association, Central Group are covered by the survey in 1968
but not in 1956 and 1964. In 1968 this group totalled 1081 employees.

Nate 2: lobs with less than 10 employees are excluded.
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Table 3:6. Q and S measures of changes in educational composition
in 1956-1964, by job families

Job family QS6,64 S-s 6,64
y'n \ ry S56,64

All families 1.624 0.014 0.030 1.000
1. Managing and supervision

of production 1.366 0.013 0.019 0.530
2. Research, experimental and

development work 1.870 0.017 0.026 0.607
3. DeSifn engineering, industrial

and ashion design 1.411 0.014 0.018 0.599
4. Other technical work 1.680 0.007 0.011 0.354
6. Teaching 3.389 0.029 0.029 0.630
7. General services and health

care 2.761 0.179 0.334 0.205
8. Commercial work 1.878 0.029 0.051 0.952
9. Financial and office work 2.176 0.039 0.067 0.469

~ .Hum~nistic and artistic \vork is omitted.

Note: Jobs with less than 10 employees are exc1uded.

in law and social sciences and Other degrees were recorded in 1956, whi1e all

educational qualifications except degrees in engineering and science were re

corded in 1964. A closer study of the distributions of the last two families re

veals that in Cainmerciai work the proportion of graduate engineers decreased

from 12 to 9 % and that of high school engineers from 43 to 39 %, while

employees with a certificate in commerce increased from 12 to 18 %, and in

Financial and office work the proportion of graduate engineers increased from

O to 1 %, that of high school engineers I from 5 to 8 % and those with a certi

ficate in commerce from 58 to 64 %. The proportions of high school engineers

II and graduate business economists decreased from 12 to 10 % and from 24 to

17 % respectively. In Commercial work the change in mix is very much the same

as for all families, but in Financial and office work less so. As the correlation

coefficient in table 3:6 indicates there are no families with changes opposed to

the common change.

The distribution of job levels (table 3 :7) shows that the middle levels are most

frequent and that jobs at levels 7 and 8 are very rare. The changes in level com

position revealed by the table are a decrease in the proportion of the top level

jobs and an increase primarily at level 6. This change may be at least partly

artificial and result from a downgrading of jobs during the years immediately

after the introduction of the classification system (1956) and in connection

with the revision in 1965/66. However, there may also be an effect due to in

creased output from schools and universities (see below), as initial jobs are usu

ally at levels 5 and 6.
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Table 3:8 shows that the academic proportions are high at the top leveis.

These groups both start at a higher level and are promoted to higher levels more

frequently than non-academics. This does not mean, however, that non-academics

do not reach the top level 2. In 1968 38 % of all educated employees at this

level did not possess an academic degree.

Table 3:7. Composition by job levels in 1956-1968; all educational
qualifications

Job level

2
3

4

5

6

7
8

Totals

1956

0.043
0.132
0.276
0.379
0.139
0.030
0.001

1.000

(1964-1956)

-0.012
-0.010
-0.002

0.008
0.014

0.002
-0.001

-0.001

1964

0.031
0.122
0.274
0.387
0.153
0.032
0.000

0.999

(1968-1964)

-0.001
-0.004
-0.006
-0.007

0.018
0.000
0.001

0.001

1968

0.030
0.118
0.268
0.380
0.171
0.032
0.001

1.000

(1968-1956)

-0.013
-0.014
-0.008

0.001
0.032
0.002
0.000

0.000

Total
number of
employees 27 449

lvote: See notes 1 and 2 table 3 :5.

44 588 53 951

Table 3:8. Educational composition by job levels in 1968

Education

Degree in
engineering

Certificate in
engineering I

Certificate in
engineering II

Degree in busi
ness & eco
nomics

Certificate in
commerce

Job level
2 3

0.472 0.279

0.168 0.259

0.128 0.261

0.121 0.054

0.081 0.079

4

0.144

0.309

0.410

0.026

0.085

5

0.057

0.331

0.521

0.010

0.073

6

0.007

0.366

0.552

0.074

7

0.313

0.521

0.166

8

0.483

0.517

All
levels

0.109

0.317

0.454

0.021

0.081

Degree in
social work

Degree in
science 0.012

0.002

0.017

0.002

0.010 0.004

0.001

0.006

Degree in law
or in the social
sciences

Other academic 0.018
degrees

Totals 1.000

0.010

0.037

0.998

0.005

0.009

1.000

0.003

0.001

1.000 0.999 1.000 1.000

0.003

0.008

1.000

Total number
of employees 1 634 6 375 14473 20 525

Note: See notes 1 and 2 table 3 :5.

9 201 1 714 29 53 951
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The S measures in table 3:9 reveal some variability of changes in job mix be

tween educational qualifications. The correlation coefficients also showa varia

bility in direction. The decrease of the proportions at 1evels 2 and 3 holds for

all educational qualifications. The proportions of almost all educational qualifi

cations increase at levelS. The high S score for employees with a degree in law

or in the social sciences is probably explained by the entry at 1evels 4 and 5 of

relatively few employees with degrees in the social sciences. In 1956 this group

was completely dominated by lawyers at level 3.

3.2.3 Age composition

The increased proportion of employees at job leve1s 5 and 6 is probably asso

ciated with a decrease in average age due to employment of young people. The

overall age distribution is given in table 3:10 where it is also possible to study

the changes in distribution over the period 1956-1968. The proportions of

Table 3:9. Q and S measures of changes in job levels in 1956-1968,
by educational qualification

Education QS6,64 Q64,68 Qs 6,68 Ss 6,68 J~56,68\ r5 6 ~68

All educa-
tional groups* 1.623 1.218 1.964 0.014 0.027 1.000

Degree in en-
gineering 1.466 1.106 1.621 0.045 0.072 0.277

Certificate in
engineering l 1.674 1.231 2.061 0.035 0.061 0.906

Certificate in
engineering II 1.526 1.207 1.841 0.012 0.023 0.506

Degree in busi-
ness & econ-
omics 1.733 1.217 2.109 0.066 0.105 -0.035

Certificate in
commerce 2.532 1.272 3.220 0.031 0.057 -0.165

Degree in
science 3.000 1.386 4.159 0.181 0.256 0.294

Degree in law
or in the social
sciences 1.482 2.337 3.464 0.474 0.581 0.238

Other academ-
ic degrees 1.898 1.123 2.132 0.061 0.086 0.229

Degree in social work is omitted. Note: See note 1 table 3:5.
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Table 3:10. Age distribution in 1956-1968; all educational qualifications

Age 1956 (1964-1956) 1964 (1968-1964) 1968 (1968-1956)
interval

-25 0.070 0.020 0.090 0.005 0.095 0.025

26-29 0.144 -0.001 0.143 0.010 0.153 0.009

30-34 0.244 -0.072 0.172 0.001 0.173 -0.071

35-44 0.350 -0.002 0.348 -0.056 0.292 -0.058

45-59 0.162 0.057 0.219 0.039 0.258 0.096

60- 0.030 -0.002 0.028 0.000 0.028 -0.002

Totals 1.000 0.000 1.000 -0.001 0.999 -0.001

Number of
employees 28693 45 737 55 728-_ ..~

Nate: See note 1 table 3:5.

employees in the group 30-44 years have decreased while both younger and

older employees become relatively more numerous. The same change has taken

place for almost all educational groups. For high school engineers II the increase

in proportion in the group 45-60 years is higher than for any other education.

There is also some relative increase in engineers 60 years and older. Those who

have a certificate in commerce deviate a little from the other educational groups

because the proportions of those who are less than 34 years old have decreased

while the other proportions have all increased, (see the correlation coefficients

in table 3 :11).

Table 3:11. Changes in age mix by education in 1956-1968

Education SS6,64 S64,68 SS6,68 ~SS6,68' fS 6,64 f64,68 rS6,68

All educational
qualifications 0.038 0.029 0.055 0.095 1.000 1.000 1.000

Degree in
engineering 0.015 0.014 0.019 0.033 0.539 0.888 0.864

Certificate in
engineering I 0.025 0.020 0.032 0.055 0.835 0.978 0.890

Certificate in
engineering II 0.066 0.045 0.094 0.163 0.984 0.997 0.992

Degree in busi-
ness & econ-
omics 0.032 0.024 0.038 0.066 0.827 0.761 0.801

Certificate in
commerce 0.033 0.018 0.043 0.074 0.004 0.206 -0.016

Other un-
specified edu-
cational qua-
lifications 0.022 0.046 0.064 0.111 0.429 0.378 0.230

Note: See note 1 table 3:5.
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3.3 SUPPLY OF LABOUR FROM UNIVERSITIES AND SCHOOLS

The supply of young labour from high schools and universities has increased very

much during the sixties. Of the educational groups which to any extent enter

industry, the increase has been most pronounced for the non-academic educa

tional qualifications. This is clearly seen in figure 3:3 and table 3:12. The in

take to the colleges of technology and economics, although showing a slow ex

pansion, has been limited during the whole period. The so called educational

explosion has at the academic level mainly taken place in the social and humanis

tic sciences, which have not so far become an important source of recruitment

for Swedish industry. The explosion reached its peak after 1968, the last year

covered by this study.

Although figure 3:3 and table 3:12 only give the number of degrees and certi

ficates awarded, the educational explosion is not only an increase relative to

previous output from schools and universities hut also an increase to the popu

lation in the relevant age intervals. For instance, between 1964 and 1968 the

population in the age interval 15- 24 years increased by 5.6 %while the number

of certificates awarded annually in engineering I increased by 88.7 %, certificates

in commerce by 264.3 % and degrees in engineering by 46 %.

Table 3:12. Number of degrees and certificates awarded in 1954-1968

Education 1954-1958 1959-1963 1964-1968 1954-1968

5 453 9 352 23 184 37 989

2 832 3 978 6 031 12 841

5 747 9 555 15 644** 30 946**

Degree in engineering
(Civ.ing., Tekn.1ic.,
Tekn.dr)

Certificate in
engineering I
(Läroverksingenjör)

Certificate in
engineering II
(Institutsingenjör)*

Degree in business
& economics
(Civ.ekon., Ekon.1ic.,
Ekon.dr) 988 1 268 2 244 4 500

Certificate in commerce
(Handelsgymnasie.
examen) 5 867 7 208 21 395 34 470

* Includes only schools supported by the Government. In 1961 private schools passed
540 students and in 1965 a maximum of 1 128.

** Figures only available to 1967.

Source: Statistical year book for Sweden and unpublished data from the Central Bureau
of Statistics.
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Figure 3:3. Degrees and certificates awarded in 1951-1967
(Cumulative scale)

Educational qualifications

1. Certificate in engineering II
2. Certificate in engineering I
3. Degree in engineering
4. Certificate in commerce
5. Degree in business & economics
6. Degree in social work
7. Degree in science
8. Degree in law
9. Degree in the social sciences

6
5

4

2

O 1951 1955 1959 1963 1967

Source: See table 3 :12.

No te: 1. only inc1udes schooIs supported by the Government.
9. was flrst recorded as· a separate group in 1964.
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Finallya word of caution. The number of degrees and certificates awarded

does not correspond to the same number of individuals, since an individual may

obtain more than one degree or certificate. For instance, some of the students

who obtain a certificate in engineering I continue to a college of technology to

work for a degree. However, this can in no way disturb the observed general

tendency.

3.4 SOME EVIDENCE ON EMPLOYMENT, LEAVING AND PROMOTION
RATES

A breakdown of the salary statistics into three groups, Leavers, Pairs and Be

ginners, was described in chapter 2. It provides some insight into labour mobil

ity . If mobility is low one would expect a rigid job mix, industry mix, and so

forth as well as a rigid salary structure, but if the mobility is high a rigid mix

and perhaps also a rigid salary structure are more noteworthy, (see section 5.2.7).

The data used for this study are from 1963 and 1964. As they were not

originally produced for a study of labo'ur mobility , they leave shortages and un

answered questions, for instance with respect to job changes and moves between

industries. As areminder: those who are not registered with the same employer

in 1964 as in 1963 are Leavers (L63), those who are registered with the same

employer in both 1963 and 1964 are Pairs (P63 and P64), and those who are not

registered with the same employer in 1963 as in 1964 are Beginners (B64).

The categories Leavers and Beginners partly cover the same individuals. Those

who leave a SAF employer but are not employed by another SAF employer and

those who obtain promotion to the management level (whether or not with the

same employer) are no longer registered in the statistics and are therefore only in

cluded among the Leavers. In the same way, salary earners who are newly em

ployed and do not come from a SAF member and wage earners who obtain pro

motion to the job of work supervisor are included only among the Beginners.

In table 3 :13 it is possible to investigate how leaving rate, employment rate

and promotion rate are associated with a number of variables. Unfortunately,

data are not available to permit cross classifications. Interactions between

variables cannot be investigated. The data used are the same as in mode1 I,

chapter 5.2 (p. 169) and they cover engineers in technical job families. (For a

more detailed description see Klevmarken [1968a], part II.)

Between August 15th, 1963 and August 15th, 1964, 15 % of the engineers

employed by SAF members covered by the data left. 18 %of the engineers re

gistered on August 15th, 1964 were employed during the same period. Although

methods and definitions are not exactly the same in the investigation made by

the Swedish Labour Board in 1968 (Farago [1968l), the resu1ts obtained still
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provide an interesting camparison . Of a total of 3 200 000 employees in

Sweden, 566 000 Le. 17.7 %had moved from one employer to another during

the peri~d May 1st, 1965 - April 30th, 1966. This figure is obtained for a busi

ness cycle peak and)t is probably a little higher than it would have been for the

period August 15th, 1963 - August 15th, 1964, but disregarding this difference

the tumover rate for the salaried employees studied seems to be of the same mag

nitude as the average tumover rate for the whole Swedish labour market.

As other investigations have shown, mobility is highei- among young employees

than among old ones. The leaving rate is 25 % for the youngest and then de

creases to a minimum of 9 % in the age interval 45-59 years. Because of retire

ment it is high again, 24 %, for those who are 60 years or older. Except for this

age interval the employment rate shows a similar age pattern. 55 % of the youngest

engineers were employed during the previous year, while only 5 % of the oldest

ones are newly employed.

Both leaving rate and employment rate are the lowest in cost of living area 3

and the highest in ar~a 5. The differences are however small. The differences be

tween the ~hree educational qualifications are also small. Graduate engineers show

slightly lower rates than high school engineers II, while high school engineers I

show some higher rates. These differences do not necessarily have anything to do

with education, but can possibly be explained by differences in age distribution.

High school engineers I have the lowest average age while graduate engineers and

high school engineers II have about the same average. Table 3:14 shows leaving

rates* and employment rates for a larger sample of educational qualifications and

jobs. These data show that employees with an education in economics have higher

rates than the engineers. Their average age is, however, lower than the average of

graduate engineers and high school engineers II but not as low as that of high

school engineers I. The leaving rates and employment rates for the small educa

tional groups are based on a very small number of observations and the observed

deviations from the average should not be given too much importance.

A comparison of the mobility by industry (table 3 :13) reveals more variability

between industries than between educational groups. There is high mobility in

Building and construction and in Repair works, while Mining, Iron and steelworks,

Manufacture of hardware, Food manufacturing industries and Beverage and tobacco

industries have a relatively low engineer turnover. The differences observed are

difficult to interpret for the same reason as above . We do not know anything

about differences in age and job distribution. The high figure for Building and

construction may, however, be a result of the favourable business conditions for

this industry in 1963/64.

* Leaving rates are calculated with Pairs 1964 + Leavers 1963 as the base instead of
Pairs 1963 + Leavers 1963.
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The turnover of labour is higher at low job levels than at higher level jobs.

As young employees are most frequent at low job leveis, it is difficult to separate

this effect from the age effect. A comparison of employment and leaving rates

and the difference between Pairs 1963 and Pairs 1964 may also be of some inter

est. For all job families enumerated in table 3 :13 there are 1098 engineers at

level 6 who left, 599 who obtained promotion within the same company and

1741 who were employed. At level 3 we find that 293 left, 207 obtained pro

motion within the company to this job level and 242 were employed. At low

job levels labour is usually recruited outside the company* while promotion

within the company accounts for a large part of the recruitment at higher job

levels. But even at these leveis, employment from outside amounts to about

50 % of the supply.

A comparison between job families is not without difficulty because some job

levels are missing in many families. The comparison also varies somewhat from

job level to job leve!. The sum up, for the technical job families studied it may

be stated that the turnover of engineers was about the same for all job families

except for Productivity engineering (400) where it was a little higher.

A similar comparison between job families has been made using the same data

as those in table 3 :14. The turnover rate has this time been defined as the mini

mum of employment rate and leaving rate. Since job leve1s are not the same in

each job family, it is not meaningful to calculate an average of the turnover

rates and to compare the results. For each job level the families have instead

been ranked by turnover rate. The result is given in table 3:15. There is no

unique ranking of the job families. As a tentative conclusion we may state that

the turnover is relatively high in Work supervision, Personnel work and Commer

cial work, while it is low in Mathematical work and Laboratory work.

* Note that »Beginners» also include wage earners promoted to work supervisors within
the same company.
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Table 3 :13. Leaving, employment and promotion rates for engineers
in technical work

Variable
Rates (%)

L63/(L63+P63) B64/(B64+P64 )

Age
-25 24.7 54.5

26-29 20.5 27.9
30-34 16.4 16.6
35-44 11.9 11.1
45-59 8.9 7.4
60- 23.9 5.3
All age intervals 14.9 18.2

eost of living area

3 13.6 17.1
4 14.3 17.9
5 18.5 21.2
All areas 14.9 18.2

Education
Degree in engineering 13.1 14.7
Certificate in engineering I 15.4 19.4
Certificate in engineering II 15.2 18.5
All educational qualifications 14.9 18.2

Industry
Mining 13.3 9.5
Metal and engineering industry

Iron & steel works, metal
plants 11.0 14.2
Manufacture of hardware 11.1 14.4
Engineering works 16.6 17.9
Repair works 20.4 24.7
Shipyards 15.2 16.0
Manufacture of electrical
equipment 12.9 19.1
Other metal industry 12.2 16.1

Quarrying; stone, clay and
glass products 11.4 20.7
Wood industry 14.1 21.5
Manufacture of pulp, paper
and paper products 13.6 13.0
Printing and allied industries 15.2 17.6
Food manufacturing industries 10.4 12.4
Beverage and tobacco industries 10.9 12.3
Textile industry 13.8 12.0
Leather, furs and rubber industries 9.2 21.2
Chemical industry 14.4 18.7
Building and construction 19.7 24.7

All industries 14.9 18.2
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Table 3 :13, .cont.

lob

Family
Level

2 3 4 5 6 7

Supervision
L63/(L63+P63) 12.9 11.1 10.7 13.8of produc-

tion B64/(B64+P64) 10.1 9.7 9.3 17.6
(110)

Work
supervision, L63/(L63+P63 ) 13.5 18.8
general B64/(B64+P64) 16.0 17.1
(120)

Work
supervision,
building L63/(L63+P63) 16.0 30.2 38.7
and con- B64/(B64+P64) 18.7 38.6 55.6
struction
work
(130)

Mathema- L63/(L63+P63) 13.3 5.3 8.1 13.8 23.2
tical work

B64/(B64+P64) 8.3 13.7 39.8(200) 6.3 3.8

Laboratory L63/(L63+P63) 14.2 7.7 10.0 12.8 19.9 24.7
work

B64/(B64+P64) 15.2 3.4 4.5(210) 4.2 6.4 12.1

Mechanical
L63/(L63+P63)and elec- 14.7 9.7 9.4 14.7 20.4 26.6

trical design B64/(B64+P64) 11.0 7.6 7.6 15.7 31.9 52.5
(310)

Productivity L63/(L63+P63) 20.9 12.5 12.8 20.7 24.2
engineering

B64/(B64+P64) 7.0 6.9 14.2 27.1 43.3(400)

Technical
instruction L63/(L63+P63) 9.9 10.8 15.2 20.7
and tech- B64/(B64+P64) 8.0 12.7 22.1 43.3
nical service
(470)

Other in-
ternal tech- L63/(L63+P63) 16.9 7.8 9.6 15.3
nical work B64/(B64+P64) 5.1 4.0 6.5 14.8
(490)

All L63/(L63+P63) 14.2 9.8 10.6 15.0 22.2 28.3

families B64/(B64+P64) 8.8 7.7 9.7 17.3 34.9 51.6

L63 = Leavers 1963 The total number of observations are
P63 = Pairs 1963/64, observed 1963 L63: 4 124
P64 = Pairs 1963/64, observed 1964 P63: 23 500
B64 = Beginners 1964 P64: 23 283

B64: 5 188

Note: All Pairs 1964 differ from all Pairs 1963 because 217 engineers have moved to jobs
not covered by the sample. Most of the 21 7 engineers were high school engineers employed
in Engineering works and in Manufacture of electrical equipment in cost of living area 5.
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Table 3:14. Leaving rates and employment rates by education in 1963
and 1964

Education
Number of employees Rates (%)
L63 P64 B64 L63/{L63+P64) B64/(B64+P64 )

Degree in
engineering 689 4414 802 13.5 15.4

Certificate
in engineer-
ing I 1 918 10 780 2 535 15.1 19.0

Certificate
in engineer-
mg II 2 867 15 543 3 535 15.6 18.5

Degree in
business &
economICS 181 744 183 19.6 19.7

Certificate in
commerce 495 2 282 579 t7.8 20.2

Degree in
social work 11 34 17 24.4 33.3

Degree in
science 28 242 57 10.4 19.1

Degree in law
or in the
social sciences 26 67 10 28.0 13.0

Other acade-
mic degrees 37 220 54 14.4 19.7

All educational
qualifications 6 252 34 326 7 772 15.4 18.5

No te: The table is based on the following job families:
110 200 310 400 450 780 810 860 900 960
120 210 315 405 470 820 870 910
130 330 410 480 840 940

440 490 850 945
and on job levels 2-8 when applicable.
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Table 3:15. Ranking of job families by turnover rate

Least turnover = rank 1

Family Level
2 3 4 5 6 7

Supervision of
production (11O) 4 4 2 3

Work supervision
(120, 130) 7 6 6 4

Mathematical and
laboratory work
(200,210) 2 3 2 4

Design engineering
(310,315,330) 5 2 4 3 2

Other technical work
(400,405,410,440,
450,470,480,490) 3 4 5 5

Personnel work
(780) 7 7 5

Commercial work
(810, 820, 840,
850, 860, 870) 6 6 8 7

Financial and
office work (900,
910,940,945,960) 3 5 6 8 2 3

Note: Turnover rate is defined as the smallest of the ratios L63/(L6J+P64)
and B64/(B64+P64).
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C1IAPTER 4

AGE-EARNINGS PROFILES BY EDUCATION

4.1 INTRODUCTION AND SUMMARY

The purpose of this chapter is to develop a statistica1 framework for investigation

of age-earnings profl1es. A model is derived from a simple representation of indi

vidual earnings as the sum of initial earnings and accumulated yearly increases.

Initial earnings are also assumed to change from one year to another. By the ap

plication of different constraints to the changes in earnings various models of age

earnings profJles can be obtained. In this chapter a fairIy simple model is applied

to salary data from Swedish industry. The estimates obtained are used to compare

salary differences between employees with different educational qualifications by

means of estimated profJles, lifetime salaries and relative rates of return for educa

tion.

A similar work was done by Fase in his interesting study from 1969. He assumed

that the distribution of individual incomes at each age can be described by a log

normal function which varies systematically with age. An individual is supposed

to start his career at the age of s years. The initial salary of an individual s years

old is drawn from a lognormal distribution with parameters which in principle de

pend on s. A systematic effect and arandom disturbance contribute to the annual

change in log income. Income is supposed to increase up to a certain age and then

decrease by the same rate. The annual rate of increase depends linearIy on age,

being the largest at s and declining with age. The random disturbance is obtained

from a normal distribution. Because the random components of the model are

assumed to follow a specific family of distributions, Fase is able to use maximum

likelihood methods to estimate the unknown parameters. These are the change

in rate of increase of income (Le. the slope in the linear function of age), the age

when income reaches a maximum, the expected initial log income, the variance of

initiallog incomes and the variance of the random disturbance to income increases.

Although there are great similarities between Fase's study and the present study

there are also distinct differences. Fase does not distinguish between cross section

profiles and cohort profiles. He applies his model to cross sections. In this study the

distinction between the two profiles and also the relation between them are essential.

The model developed below is applied to paa/ed cross sections covering between

ten and twenty years. Fase's assumption that the rate of increase in sa1ary is a de-
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creasing linear function of age is an approximatiol'l: too crude for some applications.

Our model is more flexible on this point. Furthermore, a distinction is made in this

study between physical age and the time spent in the labour market, referred to as

active age. Fase's model only has the physical age dimension, and in his derivation

of an estimation method he assumes that s, Le. the age at which an individual joins

the labour market, is constant. This assumption is rarely satisfied in applications.

Fase's explicit assumption about a normal distribution formally allC?ws rather precise

statements about estimates and about quantities derived from the estimates as for

instance lifetime salaries. Similar precise statements could be made with the model

in the present study if the same assumptions about normality were adopted. The

realism of this is not commonly accepted, however, and as it is not necessary to

specify a particular distribution to obtain estimates the general strategy is not to

do so. (There is one exception in section 4.3.5.) For the same reason least squares

estimation is used instead of maximum likelihood estimation.

4.2 A FORMAL REPRESENTATION OF AN INDIVIDUAL EARNINGS PATH

Consider a group of n persons at time T. For the moment only the following

characteristic of the group will be defined. There are no individuals who obtain

employment at time O, nI at time 1, and so forth.

T
n= L n .

t=O t ~
(4:1)

The first subgroup has, with possible interruptions, been on the labour market for

T time periods, the second group for T-1 periods and so forth. The number of

years which have elapsed since a person first obtained employment is called his

active age below. For the moment we will only assume that it is possible to de

terrnine the active age for each individual, without specifying how this could be

done.

The notation for time is chosen by convenience. Time Ois just a reference point

which may be substituted for any convenient calendar time.

The initial salary for one of those who started work at t=O can be defined as

exp[a + eOi ]; i=l, ... ,no

when e Oi is defined in such away that

no
LeO' = O;

i= 1 1

(4:2)

(4:3)

* The exponential function is in the following always denoted exp, while e means a residua!.
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This definition implies that exp[a] can be interpreted as the (geometrical) average

initial salary of the no persons and exp[eOil as the deviation from the average of

individual i.

This average initial salary changes by

(exp[~t] - 1)100; t=1,... ,T (4:4)

per cent from time t-l to time t.

The average initial salary of a subgroup of individuals, who started work at time

b, can be written as

b
exp[a + ~ ~t]; b=l, ... ,T

t=l

and the initial salary -of an individual belonging to the group is

b
exp[a+~ Pt +ebd; b=l, ... ,T. i=l, ... ,nbt=l

(4:5)

(4:6)

exp[ebd is individual i's deviation from the aver.age. By definition these deviations

obey the constraint

nb
~ eb o = O; b=l, ... ,T

i=1 l
(4:7)

The average salary of those who started work at time b changes from time period

to time period. The average change from t-l to t is

(exp['Ytb] - 1)100; b=l, ... ,T. t=b+1, ... ,T

per cent, and the change in the i-th individual is defined as

(4:8)

(exp['Ytb + utbi ] -1)100; b=l, ... ,T. t=b+1, ... ,T. i=l, ... ,nb (4:9)

per cent. Again, by definition, the sum of all individual deviations from the average

equals zero.

nb
.~ utbi = O; b=1, ... ,T. t=b+l, ... ,T
1=1

(4:10)

(4 :11)

The average salary at time T for those who obtained employment at time b is tlien

b T
~ =exp[a+ E ~t + L 'Ytb ]; b=l, ... ,T

• t= 1 t=b + 1

* 'Average' will in the following stand for geometrical average when nothing else is
said or when another interpretation is not obvious from the context.
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The full stop in the expression ~Tb. indicates an average. The corresponding in

dividual salary is

T
Lrbi = LTb exp[eb

o+ L Utbo]; b=l,o .. ,T. i=l, ... ,nb
• 1 t=b + 1 1

(4:12)

This representation of the individual salary growth is summarized in table 4:1. It

should perhaps be emphasized that the scheme presented is not a model of indi

vidual salary growth, it is only a formal framework which can be used to represent

any salary path for any group of individuals. In the following it will be used as a

starting point for model building, and this is of course the purpose of presenting

this particular scheme.

Before work on the model begins in section 4.3 it may be useful to carry out

some preliminary exercises to examine some properties of this formal representa

tion.

A row in the table represents a cohort profile while the last column represents

a complete cross section profile. A typical element in an average cohort profile

is thus given by expression (4:11) for a given b =bo and any T in an interval de

termined by bo and the maximum active age. Suppose for the sake of simplicity

that there is a maximum active age independent of time, say (T-b)max. The

interval is then bo ~ T ~ b o + (T-b)max. The average cohort profile is

bo T
Lrb • = exp[a + L ~t + ~ 'Ytb]; (4:13)

o t=l t=bo+l o

Individual cohort profiles are obtained analogously. A typical element in an

average cross section profile is obtained from the same expression (4 :11) for a

given T = To and any b in the interval To-(T-b)max ~ b ~ To·

As cross section profiles involve comparisons between individuals, it is not meaning

ful to define an individual cross section profile.

The two expressions (4:13) and (4:14) reveal that the shape of a cohort profile

is detennined by the increments 'Ytb while the shape of a cross section profile is

determined by the differences ('Ytb -l3t ). Provided that 'Ytb and ~t are greater than

zero the slope of the cohort profile will thus be steeper than the slope of a cross

section profile (see figure 1:1) and if the difference ('Ytb -~t) is negative the cross

section profile will decrease with increasing active age (To -b).
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Table 4:1. Earnings paths for individuals with different periods of entry

'l,

Period
of entry

o

2

T-l

T

Time
o

exp[a+eOi ]; exp[a+eo ,i+"YI O+uI Oi];

eX!J[a+~1 +e l i ]

2

2
exp[a+eo i+ L ('YtO +utOi)];

, t= l

exp[a+~ l +e l i+'Y21 +U21 i]

2
exp[a+ L {3 +e2"]

t=-I t l

T

r
exp[a+eo i + L ('YtO +utOi )]

t= 1

T
exp[a+~l +e1i+ L ('Ytl +utli)]

t=2

2 T
exp[a+ L ~t+e2i+ ~ ('Yt2 +u t 2i)]

t=1 t=3

T-l
exp[a+ L ~t +e(T - l)i +'YT(T - l) +UT(T-l)

t= 1

T
exp[a+ L ~t+eTtd

t=1



Both prqfJ.1es can be used to calculate lifetime salaries. The calculations can

be made in many ways, but the following definitions are chosen. From the cohort

profile (4:13) a sum of average salaries is obtained

bo +CT-b)max

Se o = L LTh • ; (4:15)
T=b o o

and similar from the cross section profile (4: 14)

To
S = L T_

er b=T -(T-b) lob.;
o max

(4 :16)

An individuallifetime salary can be defined by analogy to (4 :15), while there is no

individual cross section lifetime salary as no individual cross section profl1e is de

fined.

The formal representation can be applied to earnings data in both current and

constant prices. To see this, assume that the percentage change in the average priCt

level between t-l and t, measured by some convenient index is

( exp[ 1Tt] - 1)100; t = 1,... ,T

If the deflated salary is denoted LR and nominal salary LN , we obtain

(4:17)

In (4: 18) time period Ois the base. The average real increases in initial salaryare

thus (~t-1rt ) and the average real increases for a cohort b are ('Ytb -1it ). For a given

b the expressian (4 :18) determines a cohort profile in constant prices. The age

dependent increments in an average cross section profile are of course independent

of 1Tt while the starting point of the profile Lr T is not.
o o

(4:19)

The exercise above shows how average increments obtained from data in curren

prices can be transformed to increments from data in constant prices. We will re

turn to this topic.
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4.3 MODELS OF AGE-EARNINGS PROFILES

The formal representation will now be used for model building. More or less re·

strictive assumptions are imposed on the average increments ~t and l'tb and the

models are built up directly for application to average earnings (salaries) and not

to individual eamings (salaries). The main reason for this approach is the difficulty

of working with the large amount of individual data required. The assumptions

used which are sometimes rather crude may also be more justified for averages than

for individuals~ The general strategy is firstly to discuss the non·stochastic properties

of all model variants and then to discuss the stochastie properties. To introduce

some general ideas a »prototype» model is first presented. It is then extended to a

mare general model and different variants of this model are formulated. As the

model is constructed for applieation to average salaries the stochastic component

of the model is also related to an average salary. In specifying the properties of the

stochastic component we regard it as a'sample average of individual deviations from

the non-stochastic part of the model.

The time period used is a year. This is necessary because the data sourees avail

able only provide yearly observations, but it is also a natural periodization because

negotiatians and salary revisions are usually carried out on an annual (or multi ..

annual) basis.

4.3.1 A prototype model with salary increases dependent on active age

The inerements ~t of the average initial salaryare now assumed constant exeept

for arandom disturbanee. The average initiallogarithmic salary lnlob • is treated

as a stoehastie variable

(4:20)

where o: and ~ are constants and €b a stochastic variable with expectation zero.

In sectian 4.2 the sub-indexes t and b were attached to the average increments

'Y to show that they depend both on calendar time and on cohort. The dependenee

on calendar time should not be taken to mean that 'Ytb fol1ows a simple trend, but

rather that ltb depends on other factors which have a unique effeet on the salary

changes each year. Examples are effects due to changes of supply and demand

and to negotiations. These effects will be treated more extensively later on.

It is eommonly accepted that salary increases are obtained as a result of the ex

perienee gained. Investment in training (on-the-job training) increases the marginal

produetivity and also earnings of an employee. But training takes time and there

fore it is natural to assume that the inereases 'Ytb are a function of active age (t -b}
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Although investment in training may take place over the whole range of active age

it is mainly done immediately after entry into the labour market. During the train

ing period marginal productivity is low and increases in eamings are thus rather low

during the very first years on the labour market but then become higher as experi

ence is gained.* When investment later decreases, the increase in marginal produc

tivity and eamings diminishes. The earnings proftle would assume the general shape

indicated by the curve TT in figure 4:1 which is a reproduction of figure 1 in Becker

[1962]. VU represents the proftle with no training. (T'T' is a more extreme case

than TT with a training period limited to a few years.)

Differences in school education also have effects on the age-earnings proftle, be

cause more on-the-job training is usually given to those who have more schooling.

When studying educational groups, eamings profiles of high school educated em

ployees will then be flatter than proftles of employees with a university degree.

(Mincer [1958] p. 292 has empirically found ... »that earnings are not only higher

but also increase more rapidly with age (or decline more slowly after the peak of

earnings is reached) in the more highly trained groups than in the less trained ones.»)

For the moment 1'tb is assumed to vary systematically with active age only.

(A more complex explanation of 1'tb is introduced later.)

l'tb = F(t-b) + ()tb ;

Figure 4:1. Age-earnings profiles

Earnings

r----------------
I
I
I
I
I
I
I
I
I

_______________ Tf

(4:21)

(4:22)

U~----Io---_.'_-----------u

Age

*[This may not be true if only specific training and no general training is given (see Becker
1962) ).
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Although we have an idea about the shape of the function F it may be difficult

to. fmd a functional form with parameters which can easily be interpreted and also

give a good fit.* For this reason the range is divided inta c intenrals with the limits

Ao' Al )... ,Ac and the function F is approximated by a function which is constant

within each interval. The constant values of the intervals of this function, 'Yi'

i=1 ,... ,C, can be estimated from the data. With these assumptions and with assump

tions (4:20) and (4:21), (4:11) can ~e rewritten as a polygon

c T
T_ =exp[a+~b+ L 'Y.D~+€b+ L {}tb];
--rh. i=l l l t=b+]

where D~ is the time spent in active age class i or**

(4:23)

o T-b <A i - 1

D~
l

(T-b)-Ai_ 1 if Ai _ 1 ~ T-b ~ A; (4:24)

and where

A. <T-b
l

(4:25)

Table 4:2 may help to explain the notation more ful1y. It is similar to table 4:1

except that individual as weIl as stochastic components are omitted. The table is

drawn up under the assumption that Ao =O and Al =2. Also in this table a cohort

profile is obtained from a row, while a cross section profile is obtained from a

column.

For a given b, (4:23) is the expression for an average cohort profile. From the

definition of Di it follows that

c
b =T - L D~;

i=l l
(4:26)

For a certain T =To substitution of (4 :26) into (4 :23) gives the expression for a .

cross section profile

* Fase [1969] used a linear function with a negative slope (see for instance Fase [1969]
figure 4, p. 15) and the Swedish Employers' Confederation uses the function

LTb = exp[ao +al T1 b +... +a -L_-n ]; (SAF [1969] ).
- n (T-b)

** For later use the notation D: is preferred to D..
l l

(4:27)
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Table 4:2. Expected logarithmic cohort and cross section profiles generated
by the prototype model [E(1nLTh .)]

Year of Time (t)
entry (b) O 1 2 3 4 ... T

O 0:+1'1 0:+21'1 0:+21'1 +1'2 0:+21'1 + 2/'2
C I

el 0:+ L 1;'.D.
i=l'l l

2

3

T o:+T~



4.3.2 A model with sa/ary increases dependent on active and physical age

If we keep active age constant , it is very likely that the remaining variability can

partly be explained by physical age. The physical and mental ability of a young

employee are usually higher than those of an old employee, and this should have

an influence on marginal productivity and earnings in addition to experience. The

rate of increase in earnings 1'tb should therefore also be a function, probably a de·

creasing one, of physical age. There are also other reasons which suggest that phys.

ical age is a strategic variable. The salary statistics produced by the Swedish Ero..
ployers' Confederation (SAF) playan instrumental role in the salary setting process

as described in section 4.2. As this data source gives information about average

sa1aries in different age groups it strengthens the common practice of setting sal

aries according to a person's age in addition to other criteria. In conclusion the

rate of increase in earnings should vary with calendar time, active age and physical

age.
The introduction of physical age into the model demands a small change in

notation. Those who were born in year f and started work in year b received

the average initial salary ~fb. and they will on average earn Lrfb. in year T. The

average logarithmic initial salary deviates from its expected value by €fb which is

a stochastic variable with zero expectation. The rate of increase between t-l and

t in the average salary is 1'tfb' Dur new assumptions about the rate of increase in

earnings can formally be written

')'t fb =G [(t-b), (t-f) ] + f1 ttb ; (4:28)

(4:29)

There is no causal dependence between the rate of increase in earnings and

active and physical age, hut rather the abi1~ty to do a job, negotiation practice and

other factors associated both with active and physical age. A specification of the

function G would properly require an investigation of these relationships, but the

approach taken here is to postulate that the active age and the physical age effects

are additive and, as before, to approximate G by a step function. The limits of the

physical age intervals are the same as those of the active age except for a suitably

chosen constant: -Ao + C, Al + C, ... , Ac + C. There is thus a unique correspond

ence between an active age interval and a physical age interval. In analogy with D~
. l

a new variable D~' is defined for the time spent in physical age interval i.

o (T-f) < Ai - 1 + C

D{'= (T-f)-(Ai _ 1+C) if C+Ai _ l ~(T-f)~Ai+C ; (4:30)

C + A. «T-f)
1 i=l, ... ,c.
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In principle C is equal to the normal age of entry into the labour market, but

in practice the normal (median) age of graduation is used as a proxy variable.

Ao is usua1ly equal to zero. With these specifications employees who enter the

labour market at an age below the normal one are not included in the scheme.

In order that this group should also be covered, we have to consider a physical

age interval to the left of Ao+ C =C. To this end a variable Dö is defined as*

{

(T-f) - (Ao + C)

D" = ifO
O

(T-f) < Ao + C

(T-f) ~ Ao + C

(4:31)

The notation for the active age effect in interval i is now changed to 'Y~ and

the physical age effect is denoted by 'Y~f. The new model is now

c f f C 'f " TLrfb =exp[a + {3b + L 'Y.D; + L"/: D. + €tb + L ~tbf];
• i=l l l i=O l l t=b +1

and

(4:32)

(4:33)

The introduction of the new variable D~f implies that there is no longer one

initial salary. The average salary of those who enter the labour market at an age

younger than normal is reduced by 'Y~ for each year below the normal age, as D~

is negative. They thus obtain an initial salary smaller than !oCb-C)b. =exp[a+~b]

which is the initial salary for those who start work at the normal age. The initial

salary for those who are older than normal is assumed to be higher than !oCb _ C)b.

These relations are exemplified in table 4:3. It is built up under the assumption

that the maximum divergence from the normal age of entry into the labour market

is one year in either direction. The age intervals are made equal to one year. The

salary path for those who start work at a normal age is found in the middle diagonal,

for those who start oneyear late in the lower left diagonal and for those who start

one year earlier than normal in the upper right diagonal.

From (4:26) and the following relation

c
T =f+ C + L D",

i=O i'

it follows that

(4:34)

* The au thor is indebted to Harry LUtjohann who suggested the introduction of a D~
variable.
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Table 4:3. Expected logarithmic salary path of a labour market cohort (b)
with three birth cohorts

Physical
age

Time,;

b b + 1 b+2

c

c + 1

c+2

c+3 a+~b+'Y~+'Y~+'Y; +
+r~ +'Y'~

Table 4:4. Expected logarithmic salary path of a birth cohort with three
labour market cohorts

Active
age

o

2

Time
f+c-l f+c f + c + 1

a'+~f+('Y~ -~)+('Y~ +~)+

+('Y; -~)
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c c
b = f + C - ~ D~ + ~ D~';

i=l 1 i=O l

(4:35)

It is now easily seen that the model (4:32) ean be given an alternative fornlulatian

(' c T
T-fb = exrta' + ~f + t ('Y~ - ~)D~ + ~ ('Y~' +~) D~' + €fb + ~ tCf tfb ];
1 • i=l 1 1 i=O 1 1 t=b + 1

(4:36)

where

a' =a + ~C; (4:37)

For a given b (4:32) is the expressian for the salary paths of a labour market eohort.*

As those who join the labour market in year b do not all have to be of the same age,

there may be more than one path. Analogausly , there may be more than one path

for eaeh birth eohort. For a given f, (4 :36) is the expression for the salary paths of

a birth cohort. The first kinds of path are illustrated in table 4:3 and the second in

table 4:4 and figure 4:2. There is just one cross section profile which corresponds

to these two cohort profiles. It is obtained if b in (4:32) is replaced by (4 :26) or if

(4:34) is solved for f and substituted into (4:36). With the stochastic elements

omitted the result, in logarithmic form, is

(4:38)

From this expression it is clear that one cross section is enough to estimate the

physical age effects. If the average increase in initial salary ~ is known a priori

it is also possible to estimate the active age effects, but if ~ is not known one needs

at least two cross sections.

The three expressions (4:32), (4:36) and (4:38) reveal a certain assymetry between

the inerements 1'; and 'Y'i, which it is important to understand for a correct inter

pretation. Suppose we wish to foHow the salary paths of a certain labour market

cohort. The average salary increase for those who are in the active age interval i

and the physical age interval j is 'Yi + "Yj' from(4:32). Every birth cohort belonging

to this labour market cohort obtains the same salary increase due to active age.

'Yl is thus the common salary increase for this labour market cohort. The increase

due to physical age is not the same but depends on the birth cohort. 'Yj' is thus a

differentiated increase in addition to the common increase.

* Labour market cohort = employees who enter the labour market in the same year.
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Figure 4:2. Salary paths of one birth cohort with three labour market cohorts

lnL

b+l

b

b-l

Physical age
(calendar time)

---- Salary path of a combined birth and labour
market cohort

- - - - Average physical age-earnings profile
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Suppose now that we prefer instead to follow the salary paths of a given

birth cohort. The' total salary increase for the same combination of birth and

labour market cohorts as above remains of course unchanged. From (4 :36) we

obtain that ('Yi - (j) + ('Yj' + P) ='Yi + 'Yj'. However, the common increase for

a11labour market cohorts of this birth cohort is now ('Yr + (j), while the addi

tional differentiated increase, differentiated by labour market cohort, is

('Yi - (j). 'Ye thus find that the common increase includes the average increase

(j, while the differentiated increase does not. To understand this· we observe

from the cross section (4 :38) that (3 can be interpreted not only as the average

increase in initial salaries, but also as the average yearly shift in the cross section

profIle. (3 can thus be interpreted as an increase in the general salary level neutral

to active and physical age. As a matter of fact, this type of general increase is

usually referred to in the literature as economic growth (see for instance Fase

[1969 l). If salaries are measured in current prices (3 also includes a general price

increase (see section 4.3.6). We may thus say that the model differentiates be

tween three different compon~nts of salary increases. With reference to the

human capital literature they may be interpreted as a general increase mainly due

to economic growth and inflation, an increase due to experience and an increase

due to labour productivity associated with physical age. Other interpretations

are also possible. (3 can for instance be seen as the sum of the average negotiated

increase and the average salary drift, and ('Yi - (3) as increases due to promotion.

4.3.3 A special case

To use active age as an independent variable is troublesome from the empirical

point of view. Salary statistics do not usually contain information about active

age. Is it then possible to replace active age by a proxy variable? For some

academic groups it is possible to obtain data on when the members of the group

received their certificates and degrees. In Sweden most graduate engineers, for

instance, go into employment immediately after their studies are finished. Mil

itary service is usually done before or during the studies. In this case it seems

reasonable to use the time which elapsed since examination as a proxy for ac

tive age. However, in most data sources not even this information is available,

usually it is only possible to obtain data on birth date or age. What conditions

have to be fulfilled to justify the age variable only? The age at which a person

starts work is of course first of all determined by his birth date, but education,

military service, illness and other personal matters aIso influence the time of

first employment. This influence need not be the same every year. For instance,

more and more students stay longer and longer in schoois, colleges and univer

sities. In spite of these difficulties it should be possible to handle the problem
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by considering a group of employees with a conveniently narrow definition. As

education seems to be the factor which produces most differentiation, it is nat

ural to consider individuals with the same education~.

Suppose now there is such a homogeneous group of employees that every

member of the group started work at the same age, Le.

b -- f = C;

From the definitions of the variables D~ and D~' it then follows that

(4:39)

{

D" = O·O '

D. = D~ =:: D~';
l l l

i = 1,... ,c

(4:40)

for every observation. To refer to the example in table 4:3 or table 4 :4, these

assumptions imply that only the main diagonal in each table exists. Because

of the exact multicollinearity between D~ and D~' implied by these assumptions

it is not possible to identify both the active and the physical age effects, but

only their sum. (4:40) applied to (4:32) gives one formulation of the model in

this special case.

(4:41)

This expression is nothing but the prototype model (4:23) with a slightly new

notation. In the special case it is true that 'Y. = 'Y~ + 'Y~'. (4 :40) applied to
l l l

(4 :36) gives another formulation,

c T
Lrf(f+C) = exp[a+(3f+.~ ('Y~+'Y~') D~'+€f(f+C)+ ~ .,Jtf{f+C)];

1=1 l t=b+l
(4:42)

The first formulation is appropriate when data on active age are available and

the second when data on physical age are available. There is of course also a

cross section profile which is obtained from (4:38).

(4:43)

In this special case none of the parameters (3, 'Y~ or 'Y~' are identifiable in one

cross section.

If the model formulated as (4:32) or (4:36) is true, then it is possible in the

special case considered above to represent an active age-earnings profile by

(4:41) and a physical age-earnings profile by (4:42), but in general it is not

possible. An investigation of the properties of the estimates obtained when the
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model (4:42) is applied to data which do not fulfl1 the conditian (4:39) is re·

served for sectian 4~3.5. "To make this investigation it is necessary first to

sp.ecify the stochastic properties of the model.

4.3.4 Stochastic properties of the model

As the model is applied to average salaries our primary interest is the stochastic

properties of the deviation between the average and the expected salaryas ab..

tained from (4:32),

(4:44)

but in order to obtain realistic assumptions we will investigate how these aver..

age deviations are buUt up of individual deviations from the expected salary.

Individual salaries in a cohort are now treated as realisations of arandom

process. The expected value of logarithmic individual salaries is given by the

non..stochastic parts of the index in (4:32) or (4:36). The deviation of an in..

dividuallogarithmic initial salary from its expectation is denoted by €fbi. As

before f stands for birth year, b for the year when the i-th individual joined

the labour market and i for the i-th individual. It is assumed that

for all f and b. (4:45)

The mean deviation of nb fb observations is denoted

From (4:45) it follows that

The assumptions about second order moments are

_ra2 if f=F and b=B and i=I

E(€ tb i€p B I) -

O otherwise

(4:46)

(4:47)

(4:48)

The variance of €tbi is thus assumed to be constant and independent of when

a job is first taken. Alternatively one might assume that the variance increases

with time, but there is no strong support for this hypothesis. The assumptions
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of no correlation between individuals, no correlation between birth cohorts and

no autocorrelation are made for convenience. From these assumptions it follows

that

(4:49)

As the number of young people with the seleeted educational qualifications

entering the labour market has increased during the sample period (table 4 :5)

the assumption of a constant variance of individual initial salaries implies that

the variance (4 :49) has decreased. The assumptions made also imply that there

is a negative correlation between consecutive average increases in initial salary.

If the following definition is introduced

~ nbfb €fb
f

€b = L ; (4:50)
f nbfb

it is easy to show that

0
2

E(€b+l - €b)(€ti - €b-l) =-~
~j.1bfb
f

This is probably a plausible property .

(4:51 )

We also consider individual salary increases as random variables with the

same expected values as those given by the step function introduced as an ap

proximation to the function G in (4:28). The increase from year t-l to t

Table 4:5. Number of young employees in 1954, 1956 and 1969

Educational
Age interval

qualifications -21 -25

1954 1956 1969 1954 19~6 1969
University degrees

Engineering 33 78 155
Business & economics 13 11 79
Science 6 12

High school certificates

Engineering I 14 60 205
Engineering II 20 63 76
Cornrnerce 31 167
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received by the i-th individual, who was born in year f and joined the labour

market in year b, deviates from its expected value by lJtfbi .* The assumptions

made about this random variable are

E(lJt fb i I t,f,b) =O; for all t, f and b. (4:52)

[a2 (t-b)(t-f)
E(1')tfbi1')TFBI !f,b) =lo

if t=T and i=I

if t=#=T or i=#=I
(4:53)

(4:52) gives

and

T
E( ~ _{) t fb) =O;

t=b+ l

if b=#=B and/or f *F

(4:54)

(4:55)

What has already been stated as an assumption in (4:33) namely that the expeeted

value of (4:44) is zero follows now from (4:47) and (4:45).

Aeeording to (4 :53) the varianee of the salary inereases for a given birth and

labour market eohort depends on aetive and physieal age but not on the eohort,

i.e. the varianee of a eertain eombination of aetive and physieal age is the same

independently of ealender year. Fase [1969] makes an even stronger assumption,

namely that the varianee is eonstant. This would eertainly simplify the model.

To get some empirieal evidenee in favour or against this hypothesis the individual

variability will be investigated belowas mueh as the data available permit. Until

this investigation eventually justifies a simpler assumption we will keep the more

general expressian (4 :53). The assumptions also preseribe that there is no auto

eorrelation, no eorrelation between individuals and no eorrelation between eohorts.

This may be too restrietive but it is introdueed in order to make the model simple.

Plausible alternatives would be to assume a positive eorrelation between individuals

at the same time and a negative autoeorrelation for a given eohort.

Beeause of (4:53) it is true that

0
2

)
_ (t- b)(t-·f)

Vare{)tfb - n
tfb

(4:56)

* To refer to the formal representation in secti-on 4.2 it may be observed that the
following two identities hold. With a small change in notation to meet the. physical
age dimension it is true that

€fbi =€fb + efbi ; and tltfbi = tJtfb + Utfbi ;
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and
T
L 0

2

T t=b+l (t- b)(t- f)

Vare ~ fJ tfb ) = il
t=b+l tfb

(4:57)

It also fol1ows from the assumptions that all covariances are zero.

(4 :57) shows that the variance of the average salary for a combined birth and

labour market cohort increases by (active) age. The same thing of course also

holds for individual salaries. This is a property which closely agrees with pre

vious experience from earnings data. Empirically we know that the higher the

average salaryand the oIder the employees, the greater the dispersion (Hill

[1959], Morgan [1962]). One important explanation for this is that most em

ployees start at about the same job level at approximately the same salary.

Some then obtain promotion to more responsibIe and higher paid jobs, while

others do not, or at least not as quickly. This suggests that the variance of

salary increases is highest in the age interval where promotion differentiates the

salary increases most. During the first five to ten years in the labour market

most employees with academic or high school education obtain a more or less

normal promotion to middle level jobs. It is, however, more difficult to obtain

further promotion to the relatively few jobs available at the top leveis. It is

therefore a plausible hypothesis that the variance is for this reason the highest

somewhere in the age interval 30-45 years.

The published salary statistics from the Swedish Employers' Confederation

admit a rough check of this hypothesis. Table 4:6 contains semi-interquartile

ranges calculated from the published tables of graduate engineers and high school

engineers. They exhibit a variability which clearly increases by age. However,

a warning must be given against this interpretation. The age intervals used differ

in length and since the average salary increases by age, the dispersion may be

expected to be higher in wide intervals than in narrow ones. As wide intervals

are used at the end of the age distribution, table 4:6 may exaggerate the increase

in dispersion. Furthermore, the changes in average salary from one year to an

other contribute to the measured variability for an age interval independently

of its length. The semi-interquartile ranges contain a component which is the

variability between averages. They thus tend to overestimate the individual dis-

persion. The measures of dispersion in table 4:6 need to be standardized for

these effects before a proper comparison can be made. This is done below.

The SAF data are only grouped by physical age. To simplify the calculations

the special case model (4:42) will be used although the data do not satisfy the

condition of the special case. For our purpose this is probably no serious dis

advantage. The following notation is introduced

(4:58)
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l' = ,~ + l~'
l 1 1

0CT _f) is the variance of individual salaries at the age (T-f).

S~ is the theoretical variance of all individual salaries in the age interval
l
((A j_ l + C) - (Aj + C) of a cross section.

(4:59)

(4:60)

Assume that the age distribution inside each age interval is uniform and denote

the number of employees at each age in the i-th interval ni' It is then possible to

write SJ as follows

S~ = l ~ 0 2 + ~2:(JlTf - JlTk)
2

•
1 ni (T _ f) (T - f) f k ni

The first term of this expression is the mean of the individual variances in age

interval i, and the second term is the sum of all (~) possible squared differences

(JJTf - JlTk)~.· From (4:42) and (4:59) it follows that
l

(4:61)

in the i-th interva1. If S~ 'Y- and ~ were known the mean variance of in-
l' 1 tJ

dividual salaries could be calculated. They are not, but it is possible to ob-

tain crude estimates of S~ from table 4:6 and preliminary estimates of 'Yi and
1 •. *

~, based on simple assumptions about the stochastlc components. The results

from calculations with these estimates are presented in table 4:7. The variance

component due to unequaI age intervals and salary increases is small compared

with the total variance. The remaining individual variability increases by age.

The estimates in table 4:7 are interesting not only because they give some in

sight into the individual variability by age, but also because they indicate the

magnitude of the individual variability . As naturallogarithms have been used, the

standard deviations in the table multiplied by 100, can approximately be inter

preted as percentages. We may for instance say that for employees 28-29 years

old the individual dispersion is 14.7 %of the average salary in this age interval.

The magnitudes may be more sensitive to the approximations made than the as

sociation with age, but if the present estimates are trusted, they seem to indicate

that the individual dispersion for young employees is of the same magnitude as

their average salary increases (see table 4:11), while it is higher for older em

ployees.

* The model is estimated by a procedure in three steps. In the first step the variance of
the random residual (4 :44) is treated as a constant and 'Y

i
and ~ are estimated by the method

of ordinary least squares. These estimates are in the second step used to specify a new
moment matrix (section 4.3.4). Finally this new matrix is used for a reestimation of the
parameters of the model, (section 4.3.6).
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Table 4 :6. Semi-interquartile ranges of logarithmic salaries

Educatian/cross
section per year

Physical age

20-21 22-23 24-25 26-27 28-29 30-31 32-34 35-39 40-44 45-49 50-59 60-

Graduate engineers

1956

1962

1969

High school engineers I

1956

1962

1969

0.037

0.044

0.058

0.067

0.060

0.067

0.039

0.039

0.051

0.067

0.067

0.092

0.071

0.071

0.062

0.104

0.083

0.101

0.106

0.092

0.104

0.111

0.092

0.104

0.113

0.104

0.104

0.111

0.104

0.115

0.120

0.115

0.113

0.127

0.117

0.117

0.138

0.117

0.117

0.150

0.129

0.140

0.166

0..140

0.127

0.182

0.152

0.140

0.210

0.150

0.134

0.184

0.173

0.152

0.216

0.180

0.164

0.203

0.187

0.182

0.292

0.237

0.196

0.235

0.242

0.212

\.O
\{)

Nate: The sen1i-interquartile range is obtained as 1/2 (lnQ3 -lnQl), where Ql and Q3 are the first and the third quartile salary. As natural
logaritllIl1s have been used, the sen1i-interquartile ranges n1ultiplied by 100 can be interpreted as percentages.



o Table 4:7. Individual salary variability
o

Physical age

20-21 22-23 24-25 26-27 28-29 30-31 32-34 35-39 40-44 45-49 50-59

Graduate engineers

Variance due to unequaI age intervals
and salary increases 0.0002 0.0006 0.0008 0.0009 0.0020 0.0029' 0.0008 0.0002 0.0007

Variance due to individual variability 0.0039 0.0096 0.0217 0.0244 0.0276 0.0310 0.0446 0.0598 0.0760

Standard deviation, ditto 0.062 0.098 0.147 0.156 0.166 0.176 0.211 0.245 0.276

High school engineers I

Variance due to unequaI age intervals
and salary increases 0.0002 0.0003 0.0005 0.0006 0.0006 0.0005 0.0009 0.0015 0.0006 0.0000 0.0002

Variance due to individual variability 0.0044 0.0089 0.0118 0.0196 0.0222 0.0261 0.0308 0.0418 0.0542 0.0635 0.0799

Standard deviation, ditto 0.066 0.094 0.109 0.140 0.149 0.162 0.175 0.204 0.233 0.252 0.283

Note: The results in this table are obtained by an approximation. Si in expression (4 :60) is estimated by an average of three semi-interquartile ranges
from table 4:6 .divided by the factor 0.6745 which is obtained from a table of the normal distribution. As naturallogarithms have been used,the standard

deviations multiplied by 100 can be interpreted as percentages.



Figure 4:3. Individual salary variability by physical age
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In figure 4:3 the variances due to individual variability are plotted against

age. There is a slight indication of a smaller increase in variability between 30

and 40 years for graduate engineers and a few years earlier for high school en

gineers, and a higher increase than average immediately before and after this

age interva1. This may indicate a;,somewhat smaller variance of salary increase

between 30 and 40 years (25 and 35 for high school educated employees) than

among younger and older employees. This is a result almost opposite to that

expected a priori. The strategy to adopt is therefore to disregard possible vari

ations in the variance of individual salary increases and to base the specification

instead on the fact that the general shape of the curves can very weIl be approx

imated by two linear functions, one for graduate engineers, which intersects the

age axis at 24-25 years and one for high school engineers which intersects a~,

about 20 years. The slopes of the linear functions can be interpreted as es-."

timates of constant variances of salary increases. The approach chose'n by Fase

lt969J h~s tht!s got some justification.

The variance of individual salary increases (4:53) is now assumed to be con

stant and independent of both active and physical age. It is also assumed that

this variance equals the variance of initial salaries (4 :48) and that the age de

p~~ndent salary increases are uncorrelated with the initial salaries. The last as

sumption may seem too restrictive, but as the model is applied to relatively

homogeneous educational groups it is acceptable. From these assumptions and

from (4 :57) it fol1ows that the variance of the average deviation (4 :44) is

T (T -"b'+l\ 2D2 = Var(€ + L {} ) =__-----LQ;.- ;'
fb t~b+l tfb ntfb

(4:62)

To investigate the sensitiv}ty of the estimates to alternative specifications, the

following alternatives we!e also t'ried

D2 = (T- f-C +1) o:f ..f
n .,

tfb
(4:63)

(4:64)

(4:65)

In the first alternative the variance increases by physical age rather than by

active age, in the second it only depends on the number of employees which

implies a certain negative correlation between successive salary increases. This

is a1so true for the third alternative in which the variance is in addition inde

pendent of the number of employees.
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(4:66)

(4:67)

4.3.5 Specijication errors

We now return to the problem in which a physical age-earnings profIle is es

timated from data which lack information about active age and do not satisfy

(4:39), Le. all employees do not take their flrst job at the same age. At the end

of section 4.3.3 it was stated that a physical age-earnings profile could not in

general be represented by model (4 :42). Suppose now that this model is used

as though everybody started work at the same age although it is not true. What

prop~rties do our estimates of (4:42) have in this case?

To give a flrst answer to this question we observe that (4:42) is now applied

to average salaries, LTf.• ' each of which is calculated for individuals of the

same physical age but not necessarily of the same activ~ age.

L nTfblnLTfb •
lnLTf •• = _b _

L nTfbb

As before nTfb is the number of employees in the combined birth and labour

market cohort in year T. If (4:36) is the »true» model, the »true» expressian for

the physical age-earnings profile can be derived if (4 :36) is substituted into

(4:66). It is thus a weighted average of salary paths for combined birth and

labour market cohorts, (see the dashed curve in figure 4:2).

The general expressian for this physical age-earnings profile is awkward and

does not add much new insight. We use instead the example in table 4:4 which

is a representation of the salary paths of a birth cohort with three labour market

cohorts. Suppose there are nI employees in the labour market cohort (b-l) =
= (f+C-I), 112 in the cohort b = (f+C) and n3 in (b+ l) = (f+C+ l). The physical

age-earnings profile (in logarithms) is obtained if for each physical age (each

column) we calculate a weighted average from the salaries of each labour market

cohort (each row). The weights are proportional to the number of employees in

each labour market cohort. The stochastic components are not written out in

table 4:4 but they can easily be obtained from (4:36). For instance, for the first

age when all labour market cohorts are represented, C+ l, the mean logarithmic

salary is

_ f , ff n11'~ - n 3'Y ~
lnL(f+C+ 1)f•• - Q + {3f + ('Yl -(3) + (-Yl +(3) + n

1
+ n

2
+ n

3
+

nI [Ef(f+C-l) + 8(f+C)f(f+C-l) + 8(f+C+l)f(f+C-l)l
+ - +

nI + n2 + n3

+ n 2 [€f(f+C) + t'J(f+C+1) f(f+C)l + n 3€f(f+C+ 1)

nI + n2 + n3
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From our previous assumptions about the random variables in (4:36) it follows

that the composite stochastic variable in (4:67) has zero expectation and the

variance

. Model (4 :42) gives the following representation of the same average salary

L(f+C+ l)f ••

lnL(f-i-C+l)f •• =a' + (3f + (y:-(3) + ('Y:'+(3) + Ef(f+C) + ~(f+C+l)f(f+C);

(4:69)

E(Ef(f+C) + if(f+C+ 1)f(f+C)) = O; (4 :70)

202

Var(Ef(f+C) + if(f+C+ l)f(f+C)) = n +n +n '
1 2 3

(4 :71)

A comparison between (4:67), (4:68) and (4:69) - (4:71) shows two speci

fication errors involved in the application of (4 :42). Firstly a »variable)~ is

omitted, an element of \\hich is the last non-stochastic term in (4:67), and sec

ondly the residual variance is wrongly specified. If the estimation method is

the method of ordinary least squares the last error does not introduce a bias,

but the first error in general does. The magnitude of the bias depends on the

correlation between the omitted variable and the independent variables in (4 :42).

If it is uncorrelated with all of them there is no bias. This is, however, rather

unlikely. If the assumptions behind the curve TT in figure 4:1 are true, the dif

ference between consecutive salary increments should be positive for young and

negative fqr old employees. A negative correlation with D~' is thus more likely

than no correlation.

In practice model (4:42) is applied with a small modification. In its original

form it does not give any representation for average salaries of employees who

are younger than the normal age on joining the labour market. In order to

adapt the model so as to include these observations also the variable D~ is added

as an independent variable. With an easily understood modification of the nota

tion this new model variant is written as
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The error component ~Tf is treated as a stochastic variable with zero expecta

tion and for different values of T and f the components are treated as if they

were uncorrelated. A natural variance specification in the age intervals i=l ,... ,C

is a specification analogous to (4:63). The specification for the interval i=Q is

less obvious. In practice (4:64) is used with ai = a~.

To make a comprehensive analysis of the specification errors it would be nec

essary to find the expected values of the least squares estimates of the parameters

in (4:72). This requires knowledge about the number of employees in each

labour market cohort nTfb , and it would lead to tedious derivations and awk

ward expressions. We prefef instead to investigate the bias under two simplifying

assumptions. Contrary to what is possible in the practical situation described in

the beginning of this section, it is assumed that (4:72) is applied to average salaries

for each combination of active and physical age, LTfb ., instead of to averages for

all employe.es of the same age, LTf••. In addition it is assumed that the method

of ordinary least squares is used in spite of the variance specification suggested.

To simplify the exposition a new compact notation is used. Three new ma

trices are defined, Xl , X2 and X3 • The unit regressor, the f-regressor and the

D~ -regressor are combined in the matrix Xl , the Di-regressors in X2 and the

D;' -regressors, with the exception of D~, in X3 . The vector of logarithmic aver-

age salaries is denoted Q, the vector of stochastic components in the »true» model

(4:36) by vand in the model actually applied, (4:72) by~. We also need five new

parameter vectors g; = (c/, ~, "Y~ +~}, g; = f 'Y; -~, ... ,'Y~ -~}, g~ = fy~ + ~, ... ,'Y~ +~l~
hl == fa, {3, 10} and h 3 = [11 ,... ,~ 1. The »true» model is now

(4:73)

and the applied model is

(4:74)

(4:75)

It can be shown by standard regression theory that the expectation of the

ordinary least squares estimates of h~ h~ in (4:74) is

E{};} ={-R-} + B2 •13g2 ;

where B2 •13 is a matrix of regression coefficients from the regression of X2

on X1 and X3 . Provided the inverses of (X~ Xl) and (X; X3 ) exist this ex

pression can be rewritten as follows
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In the special case discussed above when all employees take their first job at the

same age, it is true that X2 -X3 =0, but it is also true that the regressor D~ is a

zero vector. Thus, the inverse of (X~ Xl) does not exist and the expression

(4:76) is not valid. Suppose instead for a moment that D~ is omitted from both

modeis. The inverse of the new matrix (X~ Xl) exists. We then find that the

last term of (4:76) is zero and that we obtain unbiased estimates of the param

eters in (4:42) if X2 =X 3 , Le. if the data satisfy the condition for the special

case we obtain unbiased estimates of (4:42).

Suppose now that the special case is not present and that D~ is not the zero

vector. From (4:76) it follows that the more X2 deviates from X3 , the larger

the bias, as defined by the last term in the expression. It is difficult to give any

general rules for the sign and magnitude of the bias without knowledge of the X

matrices and K2. To give some indications a simple numerical example is worked

out. It contains two cross sections T l and T2 , two active age intervals and three

physical age intervals, each of one year. In the same way as in the previous

example tfere are three birth cohorts for each labour market cohort. The re

gressors are as follows

(a') f D~ D; D~ D~ D~

1 4 O O -1 O O

1 3 O O O O O

1 2 O O O 1 O

1 3 1 O O O O

1 2 1 O O 1 O

1 1 1 O O 1 1

1 2 1 1 O 1 O

1 1 1 1 O 1 1

(4:77)

1 5 O O -1 O O

1 4 O O O O O

1 3 O O O 1 O

1 4 1 O O O O

1 3 1 O O 1 O

1 2 1 O O 1 1

1 3 1 1 O 1 O

1 2 1 1 O 1 1
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With these regressors the expression (4:76) becomes

a' 0.872 5.053

~ -0.011 -0.531

E{;~} 'Y~ + ~ 0.373 0.415 {y~~~}.------ + ------------- (4:78)
'Y; + 'Y'; -0.837 -0.057 'Y;- ~ ,

/'; + 'Y~ -0.021 -0.348

If for instance

{
'Y~ - ~J {0.06}
'Y; - ~ - -0.02

the bias vector is

{ -0.049,0.010, 0.014, -0.049, 0.006}

(4:79)

(4:80)

This example gives an idea of the magnitude of the bias. In practice the ob

servations probably conform to the special case better than in the example, i.e~

the age distribution is more concentrated around the normal (median) age of

entry into the labour market than in the example. If this is so, the bias vector

(4:80) may exaggerate the bias likely to occur in practice. Nevertheless the

example indicates that it is not advisable to disregard the bias since the absolute

value of the fourth bias element in (4 :80) is almost half as large as arealistic

value of the corresponding parameter. If it is at all possible to generalize, the

example shows that the salary increases of young employees are underestimated

rather much, while the bias for older employees is less important.

The same kind of specification error analysis could be accomplished if active

age-earnings profiles were estimated by (4 :41) on data which do not follow the

special case. Such an analysis would give results similar to those already ob..

tained.

Before the discussion of the improper application of the model (4:42) is con

cluded, yet another source of bias should be mentioned. In all the analysis

above, the normal age of entry into the labour market was assumed constant

for a given education. If this assumption is not satisfied the result may become

a bias. The problem is not important for the model (4:36), at least as long as

'Y~' is independent of the age distribution, but for the application of (4:42) it

may be important, even when the condition for the special case is satisfied.

However, it is only a potential problem and no real problem for the sample
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period, because the median examination age has been stable (see table 4:8).

For ,this reason it does not seem necessary to elaborate the problem.

Table 4:8. Average age when a degree or certijicate is obtained in 1960-1970

Educational
qualifications 1961/62 1962/63 1963/64 1964/65 1965/66 1966/67 1969/70
University degrees

Engineering X 26.4 25.9 26.2 26.5 26.0 26.0
(Civilingenjör) S 2.8 2.5 2.8 2.7 2.7 1.9

Business &
economics X 26.8 26.3
(Civilekonom) S 2.4 2.9

Science X 26.2 26.1
(Naturvetare,
FK, FM) S 3.8 3.5

High school
certiftcates

Engineering I X 20.7 20.1
(Liiroverks-
ingenjör) S 2.4 1.7

Engineering I I X 23.0 24.2
(lnstituts-
ingenjör) S 3.2 3.9

Commerce X 20.8 20.1 19.5
(Gymnasie-
ekonom) S 2.5 1.8 2.5

x = mean age; S = standard deviation.

Data sources and comments:

University degrees

Engineering :

Business &
science:

1961/62-1965/66. Age when the degree was obtained. Unpublished
data from »Teknikerundersökningen», Central Bureau of Statistics 1969/70.
Age in 1970 of those who obtained a degree in 1969/70. Unpublished,
Central Bureau of Statistics.

Unpublished, Central Bureau of Statistics 1963/64. Age when the degree
was obtained in 1969/70. Age in 1970 of those who obtained a degree
in 1969/70.

High school certificates

Age is measured during the autumn of the last year at school.
Statistical Reports U 1964 :13, 1968 :15, 1970 :20;
Central Bureau of Statistics.

Engineering II: Full-time students at public (kommunala) and private technical schoois.
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In conclusion the specification error analysis shows that if the primary inter

est is to estimate the parameters of the model (4 :32) or (4 :36), it is not a proper

procedure to estimate a pure physical age-earnings profile or active age-eamings

profI1e without an evaluation of the bias and with possible adjustments. This

does not, however, exclude applications in which the only interest is to make a

description of an age-earnings profile in the physical age dimension or in the ac

tive age dimension without any reference to the active and physical age effects

as they are defmed in (4:32) or (4:36). In those cases (4:72) and (4:41) respec

tively are of course appropriate.

The last paragraphs of this section are devoted to a different kind of specifi

cation error. To use least squares estimation it is not necessary to specify a

particular distribution for the residuals, but if it were possible to do so with a

reasonable degree of approximation, more precise statements could of course be

made about the estimates. This is, however, not the main reason for considering

a 10gnormal distribution for the residuals. There is instead the following problem.

LTfb • is defined as a geometr~cal average, but the SAF tables only give median

saiaries. Is it then p.ossible .to justify an estimation from median salaries?

The lognormal distribution is commonly used as an income distribution and

it does not seem unrealistic to assume that the salary distribution conditional

on cohort and age (possibly both physical and active age) can be approximated

by this distribution (see for instance Hill [1959]).

If the stochastic variable x fol1ows a lognormal distribution, then ln(x) foIlows

a normal distribution with expected value and standard deviation, say Jl and o

respectively. From the weIl known properties of the lognormal distribution it

then follows that exp[ Jl] is the median of the 10gnormal distribution, while the

0
2

expected value is exp[Jl + 2 ].
If LTfbi fol1ows a lognormal distribution with the parameters J1 and o and

we look upon LTfb . as a sample average, this will also follow a lognorma:l distri

bution, but with the expected value exp[Jl + 2-!!.-]. * For large nfb the dif·
nfb

* ..y IS lndependently N(Jl, o) el
x =eY is then lognormal with parameters Jl and o, and E(x) =exp[Jl +2 ];

1 LY i
n - --

E( n x. n) =E(e n ) =E(eY) ;
i=1 l

- O
Yis N(Jl, fl ) ;

··EY [+fJ2 1. (e, ) = exp Jl 2n
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ference between the theoretical median salary and this expected value is small.

Furthermore, if nfb is sufficiently large, the empirical geometrical average and

theempirical median salary will not deviate much from their respective theoret-
2

ical values exp [J1 + -2a ) and exp [J1]. No great error should thus be com
nfb

mitted if the empirical geometric average is replaced by the observed median

salary .

4.3.6 Estimation

The data used to estimate the models are obtained from SAF:s published tables

of median salaries and from the Swedish Association of Graduate Engineers.

From the last source geometrical averages have been obtained by age, year of

graduation and calendar year. The SAF tables only give median salaries by phys

ical age. It is important to note that the data do not cover salaries of identical

individuals but are several cross sections combined in one sample. The model

does not require salary data for identical individuals, all that is necessary is that

the sa1ary paths of all individuals covered by the estimations can be represented

by one and the same model.

The mode1 can be estimated from data both in current and constant prices.

In principle the estimates obtained in the two cases will naturally differ as re

gards both value and expectation. Suppose that price development can be re·

presented by an exponential trend

PT = exp[11'T + ~T] ; (4:81)

PT is a price index with the base l for T=O. The expression (4 :81) is to be

taken as a smoothing formula. The constant 11' can for instant be calculated by

the method of least squares and interpreted as the average price increase during

the sample period. The ST 's are observed residua1s from the fitted trend. If

they are least squares residuais, they are uncorrelated with T. From (4 :18)

and (4:32) it now fol1ows that

T~ c , )' c ""ifb. =exp[a+(~IT)b+ ~ (r·-11' D. + ~ r· D. +
i=l 1 1 i=O 1 1

(4:82)

If Sis also uncorre1ated with b, D: and D:', then a least squares estimation
1 1

from data in constant prices gives unbiased estimates of the »parameters» in
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(4:82) conditionai on PT for all values of T in the sample period. Even if the

price residuals are not perfect1y uncorrelated with th-e independent variables,

this will be valid as a reasonable good. approximation during the sample period.

If this is true it is not very important what kind of data are used. It is possible

to go from one set of estimates to the other by a simple adjustment by the

average price increase. For the sample period the average increase in the con

sumer price index is about 4 % (~ee table 4:12).

In an economie model which aims at an explanation of the causes underlying

salary increases, an exponential trend would probably be too simple a model of

price increases. As will be suggested (but not done)-in the next section, more

refined explanations of salary changes can be added to the model. It seems

natural therefore to explain salary changes in current prices by changes in the

consumer price index and in this way to incorporate the price changes inta the

model instead of using preadjusted data. The approach chosen in this study is

to use data in current prices.

(4:82) also cleariy reveals the asymmetry between salary increases due to

active age and salry increases due to physical age. The 'Y;"s are, so to speak,

already real increases by definition, while the 'Y~ 's are not. This is important

for a comparative interpretation of the estimates.

Three variants of the model, namely (4:32), (4:41) and (4:72), have been

estimated from CF data for graduate engineers specializing in electrical en

gineering (SER) or mechanical engineering (SMR). For each variant alternative

variance specifications have been tried. Model (4:32) is combined with all four

specifications (4:62)-(4:65), model (4:41) with all but (4:63) and model (4:72)

with all but (4:62). C in (4:63) is put equal to 24. This value is obtained by

inspection of figure 4:3.

When the residual variance is assumed to fol1ow any of the specifications

(4:62)-(4:64) the estimatian method used is that of weighted least squares,

while ordinary least squares is used when the variance is assumed to be con

stant, (4 :65).

The salary data are recorded by age intervals and the salaries of the youngest

are grQuped in the interval 25 years and below. The estimation is made under

the assumption that the average age in this interval can be approximated by

25 years. As C is also put equal to 25 (except in the variance specification)

this means that 'Y~ is assumed to be zero and that the variable D~ is omitted.

The fact that data are grouped in intervals makes it impossible to obtain an ob

servation for each age year. Each interval instead gives one observation and the

value of the age variable is put equal to the midpoint of the interval. This is

probably no great disadvantage as there are rather many intervals. The number
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of intervals in the data tables is about twice as large as the number of intervals

defining the variables D~ and D~' in the model. There is thus usual1y more than
1 1

one observation in each model interval.

Estimates of the three model variants applied to SER data are presented in

table 4:9 and the results from SMR data in table 4:10. The multiple correlation

coefficients show that the specification with a constant residua! variance (4:65)

is inferior to the other three specifications. The closest fit is obtained when

the variance is proportional to physical age, (4 :63), but the difference between

this specification and (4 :62) and (4 :64) is so small that the choice between them

can hardly be based on difference in fit. The specification primarily derived from

the model made the variance proportional to active age, (4 :62), and there is no

great reason to reject it. As the results from SMR data closely agree with those

from SER data only selected estimates are given in table 4:10.

The a~nual increase in initial salaries is estimated at 5-6 % irrespective of

model, variance specification and data set. After deduction of the general price

increase there remains 1-2 % real increase. The total salary increase for a given

combination of active and physical age is obtained if the two age effects are

added. For instance, from the first row in table 4:10 we find that an engineer

specializing in electrical engineering who graduated 5-9 years ago and is 35 -39

years old obtains on average 8.7 + 2.0 = 10.7 % salary increase per year. As

the estimates are obtained from data in current prices the figure of 8.7 % due

to active age includes a general salary increase which can primarily be explained

by price increases and economic growth, (see section 4.3.2, p.92). A measure

of this general increase is obtained in the estimate of ~, Le. 5.5 % in this case.

The difference between the effect due to active age and the general increase,

3.2 %, may be interpreted as an increase due to experience. A comparison

with the effect due to physical age, 2 %, shows that experience means more

than physical 'age as regards salary increases. This conclusion is also supported

by the better fit of the active age model (4 :41) than of the physical age model

(4:72). The physical age effect is, however, important enough not to be ne

glected.

The increases due to active age decrease as the engineer stays in the labour

market. This agrees with Becker's human capita! theory except for the very

beginning of one's career (see figure 4:1). According to Becker so much of the

flrst years after graduatian is devoted to on-the-job training that the salary in

creases very slowly during these years. No tendency of a lower rate of increase

during the first years on the labour market can be observed in tables 4:9-4:10.

However, this effect may be hidden in the first age class 0-4 years and a year

by-year analysis may reveal a 10w rate for the very first years.

112



The salary increases associated with physical age also decrease as the em·

ployee grows old. After the age of 40-45 years physical age does not contributes

anything to the salary increase, on the contrary there is a tendency towards a de

crease. This may perhaps be seen as a premium for higher efficiency in work

among young engineers than among middle aged and old ones.

Tables 4 :9-4:10 also give a possibility of indirectly checking the assumption

of a con~tant graduation age. The sum of the estimates of the physical age ef·

fects and the corresponding active age effects in (4:32) do not of course equal

the estimates of (4 :41) and (4 :72) exactly, but the divergence is not large enough

to disturb the general shape of the profiles. This is in particular true for (4 :41).

In the lower age brackets the sum of the estimates of 'Yiand 'Y~' in model (4:32)

is higher than the corresponding estimate in (4 :72), in particular when the re

sidual variance is assumed to be constant. This result can be compared with the

bias in the example previously worked out. As the reader will recall, the bias was

negative in the first age interva1.

What generalizations to »similar» data sets can be made from these results is a

matter of opinion. They may give some reassurance that bias will not completely

invalidate the following application of model (4 :72) to SAF data. At any rate,

what follows below can be seen as a description of the sample period.

In order to avoid misinterpretations of the estimates presented below, the

reader is reminded of the selection bias in the SAF data (see chapter 2). The

statistics from SAF do not cover employees at the top management leve1. Older

employees who remain in the statistics are therefore those who have not obtained

a promotion~ The practice of not submitting salaries of employees at manage

ment level may, in small companies, even result in non-response at a relatively

low job leve!. The result of this selection is an underestimation of salary in

creases and salary levels for middle aged and old employees. There are no sta

tistics collected to exhibit the salaries at management level and it is therefore

difficult to know the importance of this selection bias. It should be most severe

among graduate engineers and business economists who are most frequent at

managen1entlevel, and less severe among high school educated employees. An

attempt has been made in Klevmarken [1968c] to use statistics from CF as a

comparison. There are reasons to believe that the selection is not equally strong

in this data source, and the estimates obtained of the rates of increase in earnings

are also a few percentage units higher in the age bracket 35 years and over than

the estimates based on SAF data.* In an attempt to throw more light on this

* In this comparison the CF data used cover engineers employed by members and non
members of SAF, but even if. non-members are eliminated a considerable difference le
mains as the analysis in chapter 2 shows.
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1--4 Table 4:9. Estimated salary profiles of graduate engineers specializing in electrical engineering (SER)
1--4

~
Model and Annual
variance increase Annual increase in active age interval AnnuaI increase in ~hysicaI age intervaI _ .___.. R
specifica- in initial
tion salary 0-4 5-9 10-14 15-19 20-24 25-29 -29 30-34 35--39 40-44 45-49 SO-54 SS-59

(4:32)

(T-b+l) el 0.055 0.107 0.087 0.079 0.073 0.073 0.070 0.024 0.025 0.020 0.002 -0.008 -0.037 -0.006 0.9789
n

Tfh
(0.001) (0.002) (0.002) (0.004) (0.007) (0.011) (0.023) (0.002) (0.002 ) (0.004) (0.006) (0.010) (0.016) (0.038)

(T-f-23) 2 0.056 0.114 0.092 0.081 0.075 0.074 0.071 0.022 0.019 0.016 0.001 -0.010 -0.039 -0.003 0.9883
~a (0.001) (0.002) (0.002) (0.003) (0.005) (0.008) (0.015) (0.002) (0.002) (0.003) (0.005 ) (0.007) (0.012) (0.030)

c?- 0.058 0.113 0.092 0.086 0.074 0.079 0.071 0.026 0.019 0.016 0.001 -0.010 -0.039 -0.002 0.9871

nTfb (0.001 ) (0.002) (0.002) (0.003) (0.004) (0.006) (0.009) (0.002) (0.002) (0.003) (0.004) (0.005) (0.008) (0.017)

c?- 0.059 0.105 0.095 0.076 0.084 0.061 0.110 0.025 0.020 0.024 0.000 -0.009 -0.042 0.003 0.9412
(0.001 ) (0.003) (0.003) (0.006) (0.012 ) (0.017) (0.022) (0.004) (0.002) (0.005) (0.009) (0.012) (0.016) (0.022)

(4:41)

(T-b+l)el 0.053 0.124 0.110 0.089 0.079 0.063 0.051 0.9573
n

Tfb (0.001) (0.002) (0.003) (0.006) (0.010) (0.015) (0.032)

L 0.056 0.133 0.110 0.095 0.071 0.069 0.052 0.9764
n

Tfb
(0.001 ) (0.003) (0.002) (0.003) (0.005) (0.007) (0.012)

if 0.059 0.111 0.110 0.079 0.088 0.049 0.115 0.8998
(0.001 ) (0.004) (0.003) (0.008) (0.015) (0.022) (0.029)

(4:72)

(T-f-23)cl 0.056 0.114 0.109 0.101 0.072 0.068 0.008 0.062 0.9534
fi

Tfb
- (0.001) (0.003) (0.003) (0.005) (0.009) (0.013) (0.022) (0.059)

if 0.059 0.119 0.110 0.104 0.073 0.071 0.009 0.065 0.9484
nTfb (0.001 ) (0.004 ) (0.003) (0.005) (0.007) (0.010) (0.014 ) (0.033)

el- 0.059 0.106 0.095 0.087 0.074 0.085 0.031 0.063 0.8477
(0.002) (0.006) (0.004) (0.007) (0.014) (0.019) (0.025) (0.034)

Note: Sample period = 1961-1970. Standard errors inside brackets. Estimatian is made from monthly salaries in current prices by weighted least squares.



Table 4:10. Estimated salary profiles of graduate engineers specializing in mechanical engineering (SMR)

Model and Annual Annual increase in active age interval Annual increase in physical age intervalvariance increase
specifica- in initial R

tian salary 0-4 5-9 10-14 15-19 20-24 25-29 30-34 -29 30-34 35-39 40-44 45-49 50-54 55-59 60-64

(4:32)

Q:-b+ l) ~ 0.053 0.104 0.086 0.084 0.054 0.083 0.063 0.031 0.029 0.022 0.017 0.008 0.006 -0.044 0.059 -0.173 0.9814
n Tfb (0.001) (0.002) (0.002) (0.004) (0.007) (0.010) (0.015) (0.026) (0.002) (0.002) (0.004) (0.006) (0.008) (0.010) (0.010) (0.040)

L 0.054 0.107 0.090 0.088 0.054 0.089 0.058 0.078 0.032 0.019 0.016 0.009 -0.003 -0.022 -0.022 -0.058 0.9848
n

Tfb (0.001) (0.004) (0.002) (0.003) (0.005) (0.006) (0.008) (0.013) (0.004) (0.002) (0.003) (0.004) (0.005) (0.006) (0.010) (0.022)

(4:41)

(T-b+l) el- 0.051 0.126 0.108 0.095 0.059 0.078 0.042 0.045 0.9670
n

Tfb (0.001) (0.003) (0.003) (0.005) (0.008) (0.012) (0.019) (0.033)

el 0.054 0.134 0.108 0.100 0.059 0.084 0.041 0.050 0.9771
n

Tfb (0.001) (0.003) (0.002) (0.004) (0.005) (0.007) (0.009) (0.014)

(4:72)

(T-f-23) el 0.054 0.120 0.108 0.101 0.072 0.072 0.053 0.031 -0.010 0.9640
n Tfb (0.001) (0.003) (0.003) (0.005) (0.007) (0.010) (0.013) (0.023) (0.065)

L 0.055 0.124 0.108 0.102 0.074 0.071 0.055 0.029 -0.000 0.9604
n

Tfb (0.001) (0.005) (0.003) (0.004) (0.006) (0.007) (0.009) (0.014) (0.035)

Nate: Sample period = 1961-1970. Standard errors inside braekets. Estimatian is made from monthly salaries in current prices by weighted least squares.
10--0
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problem, the comparison already mentioned in chapter 2 has been made be

tween the SAF and CF statistics for graduate engineers. It shows that those

who belong to CF but have not been recorded by SAF have a higher (arithmetic)

average salary in each age interval than those who are recorded in both lists.

In the interval 50-59 years it is 27.5 % higher. The first group is also older

than the second. The results from this investigation at least show that the es

timates obtained from the SAF data cannot be used for generalizations for

graduates in general and they do not even reveal a »typical» salary path for a

graduate in SAF.

Model (4 :72) is estimated from SAF data in current prices by weighted least

squares regression. Table 4:11(A) gives the estimates for each of six educational

groups when the residual variance is assumed to be proportional to physical age

and inversely proportional to the number of employees, and table 4:11(B) gives

the corresponding results when the variance only is inversely proportional to the

number of employees.

The sensitivity to which variance specification is chosen is less than when the

model was estimated from CF data. The two specifications almost produce the

same fit. This is also true when the variance is assumed to be constant. These

results are not, however, presented.

The estimates of the average increase in the initial salaries reveal a remarkable

similarity between educational groups. They range between 6.1 % and 6.7 %.
A general characteristic of the age dependent additional increases is that these

increases are relatively 10w for very young employees. They reach a maximum

at approximately the age of 30 years for university trained employees and a few

years earlier for high school trained employees. These estimates thus showa

better agreement with the curve TT in figure 4:1 than the estimates based on

CF data. The salary increases of the oldest employees are even 10wer than for

the youngest ones but this may be the result of the selection pointed out before.

A comparison between the educational groups reveals that the profiles of

the three educational qualifications at university level engineering, business &

economics and science are very similar. Science exhibits a minor devi~tion in

the age class 30-34 years. The smaller average increase for science graduates

may reflect a slower promotion because they are usually employed in fields

which do not lead to top level jobs.

As a contrast the high school educational groups exhibit some dissimilarities.

The increases obtained by those who have commercial education are in general

higher than the increases obtained by engineers. They are even higher than the

increases obtained by employees with a university degree which does not seem

to be the case for engineers. Mincer's findings that the mare the training, the

higher the increases (see p. 84) do not therefore coincide with our findings for

those with business education but do so for engineers.
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In figures 4:4 and 4:5 estimated cohort profiles are drawn for employees who

are assumed to be born in 1930. The first diagram permits comparisons in

Swedish kronor between educational qualifications while the second diagram

is drawn in logarithmic scale to make possible convenient comparisons of relative

differences. It is assumed that those who are graduates of a university start work

at the age of 25 and those who have high school certificates start work at the

age of 20 years. The proper interpretation of the profiles is an illustration of

the state of affairs during the sample period. The same conditions hardly pre

vail over such a long time that the profiles can be interpreted as estimates of

profiles for those who were actually barn in 1930. For the same reason they

should not be used as predictions. The same careful interpretation should be

applied to the illustrative calculations of lifetime salaries and rates of return

to education in the following sections. All profiles illustrate salary paths in

current prices as they developed during the sample period. They show no de·

crease in any age class, on the contrary, as we find from figure 4:4 the profiles

are rather of the increasing exponential type. This diagram also clearly shows

how salary differences in Swedish kronor increase by age, in particular between

those who have a university degree and those who have not, The relative dif

ferences also increase a little. This is illustrated in figure 4:5 with the profiles

of graduate engineers and high school engineers I. According to the diagram

the increase takes place before the age of 40 years. After this age the relative

difference remains approximately constant.

We now return to the three-dimensional cross section profile (4:38). Its

shape is determined by the differences ('Y~-~) and by ,,/'. When any of these
1 1

terms become negative the profile turns downwards. The estimates in tables

4:9-4:10 for engineers in SER and SMR show that the downturn in the active.

age dimension does not start un til after 30 years in the labour market and in

the physical age dimension after the age of 45 years.

In the special case, when birth and labour market cohorts coincide, the cross

section profile (4:43) does not turn downwards u;ntil the sum of salary increases

due to active and physical age is less than the average annual shift. Even if the

special case is not present, an analogous relation holds for a physical age-earnings

profile. As the results in table 4:11 show, old employees do not obtain increases

as high as the average shift in the cross sections. The break-even point is at

about 50 years. It is important to note that the downturn of the profile does

not necessarily imply that any employee receives a salary decrease. This is

i11ustrated in figure 4:6 byestimated profiles for graduate engineers.
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Table 4:11. Estimated physical age-salary profiles from SAF data
00

Educational Annual increase Annual increase in physical age interval Sample
qualifications in initial salary -21 22-25 26-29 30-34 35-44 45-59 60- R period

A.Residual variance proportional to physical age and inversely proportional to number of employees, specification (4:63)

University
degrees
Engineering 0.006 0.075 0.124 0.124 0.090 0.064 0.035 0.9966 1954-1969

(0.001) (0.009) (0.003) (0.002) (0.002) (0.002) (0.011)

Business & 0.065 0.069 0.133 0.122 0.087 0.059 0.040 0.9952 1952-1969
economics (0.001) (0.009) (0.004) (0.003) (0.002) (0.003) (0.017)

Science 0.063 0.090 0.124 0.102 0.090 0.066 0.051 0.9856 1956-1969
(0.001) (0.022) (0.006) (0.005) (0.003) (0.004) (0.020)

High school
degrees
Engineering I 0.064 0.081 0.106 0.115 0.103 0.085 -0.066 0.041 0.9947 1952-1969

(0.001) (0.010) (0.004) (0.004) (0.003) (0.002) (0.002) (0.013)

Engineering II 0.067 0.104 0.107 0.114 0.099 0.085 0.068 0.044 0.9966 1952-1969
(0.000) (0.010) (0.003) (0.003) (0.002) (0.001) (0.002) (0.012)

Commerce 0.067 0.150 0.138 0.129 0.102 0.086 0.068 0.059 0.9955 1956-1969
(0.001) (0.008) (0.004) (0.004) (0.004) (0.002) (0.003) (0.014)

B. R.esidual variance inversely proportional to the number of employees, specification (4:64)

University
degrees
Engineering 0.065 0.069 0.125 0.123 0.089 0.063 0.034 0.9972 1954-1969

(0.000) (0.017) (0.004) (0.002) (0.001) (0.001) (0.005)

Business & 0.065 0.072 0.132 0.122 0.087 0.059 0.039 0.9944 1952-1969
economics (0.001) (0.021) (0.005) (0.003) (0.002) (0.002) (0.009)

Science 0.061 0.091 0.120 0.101 0.087 0.064 0.047 0.9870 1956-1969
(0.001) (0.038) (0.008) (0.004) (0.002) (0.002) (0.010)

High school
degrees
Engineering I 0.065 0.080 0.108 0.115 0.104 0.086 0.067 0.042 0.9969 1952-1969

(0.000) (0.021) (0.005) (0.003) (0.002) (0.001) (0.001) (0.005)

Engineering I I 0.067 0.099 0.109 0.112 0.100 0.085 0.068 0.044 0.9976 1952-1969
(0.000) (0.024) (0.005) (0.003) (0.002) (0.001) (0.001) (0.006)

Commerce 0.066 0.140 0.141 0.124 0.102 0.084 0.067 0.058 0.9948 1956-1969
(0.001) (0.018) (0.006) (0.004) (0.003) (0.002) (0.002) (0.007)

Note: Standard errors inside brackets. Weighted 1east squares regression appIied to model <4:72)and with data in current prices.



Figure 4:4. Estimated cohort profiles by education for employees assumed to be bom in 1930
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Figure 4:6. Estimated cohort and cross section profiles [or graduate engineers
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4.3.7 Same remarks on possible refinements

The formal representation in section 4.2 shows that increases in earnings could

in principle vary by calendar time. In section 4.3 the dependence on active and

physical age has been stressed and the dependence on calendar time has been

neglected. None of the models suggested represents effectsof supply and de

mand and of negotiatians, and these factors may have effects associated more

with calendar time than with age. No attempt will be made at this stage to

explain this in detail, but a few remarks may be of same interest.

The supply of educated labour in Sweden has increased during the whole

sample period, but the greatest increase has taken place over the last few years

(see chapter 3). While there are no indications of short-mn fluctuations of

supply, demand shows pronounced fluctuations. The effect on earnings of both

supply and demand should be most observable for young employees since they

showa higher mobility and since the salaries of new employees are not regulated

in negotiations. When demand is high relative to supply, earnings of young em

ployees would increase more than the earnings of middle aged and old ones.

The age-earnings proftles would then become flatter . The opposite should be

true in the case of excess supply. Table 4:12 shows the number of jobs avail

able for engineers and technicians advertised in Dagens Nyheter, which is a .

measure of demand for this kind of labour. There are peaks in 1960, 1965 and

1969 and troughs in 1958, 1962 and 1967, all in close agreement with the

general business cycle in Sweden. A comparison with the residuals from the

estimated model (4:72) for graduate engineers and high school engineers I in

table 4 :13 does not reveal any systematic positive association between demand

for labour and salaries, not even for young employees. This preliminary study

does not thus give support to the theory of a short-run sensitivity of earnings

to changes in demand. There is, however, an indication of a systematic pattern

in the residuais. Negative residuals are most frequent before 1961 and during

the last years of the sample period, while predominantly positive residuals are

obtained for the first half of the sixties. This may be explained by a relatively

low increase in productivity in Swedish industry in the fifties and a relatively

high increase in the sixties. The explanatian behind the small or negative re

siduals during the last years of the sample period is probably the increased

supply. These conclusions are very tentative and in a mare refined analysis

the effects of other factors like price increases and negotiations should also

be investigated at the same time.

To link such an analysis to the model used in this study would permit an

explanation of both long-run and short-mn changes in the profiles, which could

be useful for predictions and for calculations of lifetime earnings.
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Table 4:12. Seleeted labour market indicators' in 1954-1969

Number of jobs Percentage Percentage Percentage
for engineers increase in increase in increase in

Year and technicians productivity**" consumer negotiated
advertised in price index salary
,Dagens Nyheter
(thousands)

1954 12.1 6.4 0.8 0.0

1955 12.1 1.9 3.1 9.1

1956 11.6 5.5 4.5 4.0

1957 12.4 4.8 4.3 3.7

1958 11.2 4.7 ,4.8 3.5

1959 15.2 6.8 0.7 1.9

1960 18.1 5.0 3.9 3.8

1961 16.9 4.1 2.5 3.5

1962 15.0 5.4 4.3 4.7

1963 14.5 7.0 2.9 3.5

1964 15.9 8.0 3.4 4.0

1965 17.7 7.5 5.0 3.3

1966 12.8 5.0 6.3 7.2

1967 8.3 8.1 4.5 5.4

1968 9.3 8.8 1.9 5.0

1969 14.6 9.0 2.8 3.5

* Figures for 1954-1963 are estimates.

** Value added in constant prices per manhour.

*** Men only.

Sources: Unpublished sources from Dagens Nyheter, The Industrial Institute for
Economic and Social Research and the Swedish Employers' Confederation. Consumer
price index is published in the Statistical year book for Sweden.
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~ Table 4:13. Logarithmic residuals from estimated physical age-earnings profiles byeducatian, physical age
N
~ and time in 1954-1969

Graduate engineers High school engineers I University degree in High school certificate

Year
business & economics in commerce

25 42.5 55 21 37.5 55 25 42.5 55 21 37.5 55

1954 -0.032 0.020 -0.074 -0.072 -0.030 -0.039 -0.062 0.059 0.015

1955 -0.054 0.043 -0.010 -0.038 0.015 0.003 -0.063 0.024 -0.008

1956 -0.039 0.031 -0.025 0.015 -0.004 -0.005 -0.027 0.056 -0.032 0.034 -0.020 0.082

1957 0.001 0.017 -0.041 0.055 -0.010 -0.005 -0.057 0.075 -0.097 -0.018 0.000 0.004

1958 -0.027 0.008 -0.023 0.040 -0.028 -0.024 -0.052 -0.023 -0.073 0.015 -0.006 -0.022

1959 -0.052 -0.010 -0.061 0.021 -0.051 -0.049 -0.009 -0.047 -0.106 -0.003 -0.027 -0.016

1960 -0.032 -0.024 -0.046 0.044 -0.047 -0.041 -0.094 -0.035 -0.088 -0.013 -0.035 --0.015

1961 0.027 0.019 0.034 0.078 0.011 0.007 0.001 0.014 -0.011 0.041 0.013 0.014

1962 0.049 0.019 0.050 0.068 0.028 0.028 0.053 0.012 0.026 0.047 0.016 0.050

1963 0.052 0.020 0.037 0.073 0.021 0.027 0.031 -0.013 0.057 0.039 0.003 0.027

1964 ·0.043 0.009 0.030 0.041 0.016 0.008 0.016 -0.029 0.085 0.074 -0.013 0.023

1965 0.057 0.006 0.035 0.015 0.024 0.003 :l.037 -0.020 0.060 0.040 0.008 0.002

1966 0.040 0.002 0.035 0.004 0.036 0.023 0.023 -0.001 0.047 0.087 0.025 0.012

1967 0.026 -0.002 0.030 -0.007 0.022 0.009 0.018 0.010 0.024 0.051 0.035 0.013

1968 -0.020 -0.028 0.018 -0.097 0.008 0.007 0.008 0.009 0.018 -0.014 0.022 0.007

1969 -0.074 -0.055 -0.007 -0.128 -0.026 -0.008 -0.040 -0.015 -0.023 -0.016 -0.039 -0.076

Note: The residuals are obtained in the estimation of model (4:72) from SAF data.
The parameter estimates have been presented in table 4:11(B).



4.4 LIFETIME SALARlES AND RATES OF RETURN TO E"DUCATION

The lifetime salary of an employee is the sum of all the salaries he has earned

during his active time on the labour market. The expected lifetime salary of

a group of individuals with a c0t;U110n characteristic, for instance the same

education, can be estimated by å sample mean of lifetime salaries; but usua1ly

it is not' possible to follow the salary flow of identical individuals and second

best methods have to be used. One method is to c_onstruct a hypothetical pro

motion path from jobs with a low ranking to jobs with a high ranking and to

use the current salaries at each job level (see for instance Bailey & Schotta

[1969], SACO n968]). Frequ~ntly lifetime salaries (earnings) are calculated

as the area underneath a cross section profile although this profile does not

necessarily have the same shape as proftles of identical individuals.* Examples

of studies when this method has been used can be found in SACO [1968].

A better method is perhaps to estimate cohort profiles by model (4:32) or

if this is not possible, by model (4:72), and then to calculate the sum of the

estimated salaries as defined in (4:15) or (4:16). If the estimates are obtained

as the antilogarithms of unbiased estimates of logarithmic average salaries, these

estimates are not themselves unbiased. If, for instance, the logarithmic residuals

of the model are normally distributed the procedure described gives unbiased

estimates of median salaries and not of geometrical average salaries. The es

timated lifetime salary would then be a sum of estimated median salaries, (to

be distinguished from the median lifetime salary).

Provided an exponential trend can be fitted to the consumer price index

(see p.IIO) a lifetime salary calculated from a model, which is estimated from

data in COl1stant prices, can be seen as a lifetime salary obtained from a model

for data in current prices discounted by the average price increase. Suppose

(4:32) is discounted to the base year b by the discount factor o. The discounted

salary at T is then

I1?fb. =Lrtb. exp[ -(T-b)8 1= exp[a + (3b + i!l h';-8)D; +
c T

+ L 'Y~'D:/+€tb+ L tf tfb ];
i=O 1 l t=b+l

(4:83)

If for a particular b the base of the price index PT in (4 :81) is changed to 1 for

T=b, a camparison between (4:83) and (4:82) shows that except for the price

residual ~T the two expressions are identical for o=rr. As the observed deviations

* Siegfried [1971] following Becker [1964] used an exponential function (1.0125)t-b
to adjust cross sections profiles of Ph.D. economists to cohort profiles.
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from the price trend need not be perfectly uncorrelated with the independent

variables in the model, this relation between real and nominal lifetime salaries

is only approximately valid. If there is a systematic trend in the price increases

and the exponential trend does not give a good approximation, real lifetime

salaries cannot be calculated satisfactorily from profiles estimated from data

in current prices. The reason is that the flrst salaries in a career, which would

be erroneously deflated by the average price increase, are very important in the

discounting procedure.

Table 4:14 contains estimates of lifetime salaries for employees assumed born

in 1930. The calculations have been made from proflies estimated in current

prices. It is assumed that the first salary was earned at the age of 25 for em·

ploy~es with a university degree and at 20 for those who have a high school

certificate. Three alternative discount rates are used, 5 %, 10 % and 15 %. All

llfetime salaries are discounted to the age of 20 years. The choice of discount

rate greatly affects the lifetime salaries in Swedish kronor as well as the relative

differences as is shown by the index numbers in the table. To compare lifetime

salaries is a method of making comparisons which allows for differences in active

time in the labour market. At a discount rate of 5 % university trained employees

obtain between 18 % and 44 % higher a remuneration than high school trained em·

ployees but at the rate of 15 % the relative differences only range from 2 %

Table 4:14. Estimated /ifetime sa!aries by education

Educational
Lifetime sa.1aries (Sw.kr. 1000)

qualifications Discount Index Discount Index Discount Index
rate 5% rate 10% rate 15%

University
degrees
Engineering 1370 140 421 129 173 111
Business &
economics 1271 130 396 122 164 105
Science 1213 124 378 116 158 102

High school
degrees
Engineering I 1028 105 348 107 170 109
Engineering II 943 97 320 98 158 101
Commerce 977 100 326 100 156 100

Active
time

25~65

25-65
25-65

20-65
20-65
20-65

No te: The calculations are made on the assumption that the year of birth is 1930 and
that employees with high school education start work at the age of 20 while employees
with university education do not start until they are 25 years old. All salaries are dis
counted to the age of 20 years. They are obtained from cohort profiles calculated from
the estimates in table 4:11(B). The lifetime salaries are not independent of the price in
creases during the sample period.
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to 11 % (see the index numbers in table 4:14). The choice of cohort may in

fluence the result of the comparison. If two educational groups have the same

average shift ~ in the profiles the choice of cohort has no influence at all, but

the larger the difference in ~, the greater the effect the cohort has on the com

parison. The estimates in table 4:11 show max-differences of 0.006 which

means that the ratio of two lifetime salaries changes by not more than 6 % over

10 years.

The application of cross section profl1es for calculations of lifetime salaries

was criticized above. Would the lifetime sa1ary obtained from a cross section

profile differ very much from the saIary obtained from a cohort profile? Assum·

ing that the model (4:32) is true the answer depends on ~ and the discount rate

used. Suppose the present value of the salary stream is discounted to the first

year in the labour market, say b=To ' by the discount rate (exp[ 0]-1). (4:83)

gives the discounted profile. We now find that the cross section profile (4:38)

and the discounted profile (4:83) are identical for b=To' provided that ~=o or,

which is the same thing, the average increase in initial salaries equals the discount _

rate. Under the assumptions made this result can be generalized to the following.

A lifetime salary calculated from a cohort profile at a certain discount rate can

also be obtained from a cross section profile if the discount rate is reduced by

the average increase in h-ntial salaries (average shift in the cross sections).

An alternative way of comparing the remuneration associated with two educa

tiona1 qualifications is to calculate relative rates of return to education. For in

stance, what return does a high school engineer obtain if Ile enters college to

graduate as an engineer? There are several ways of calculating a rate of return

which answers the question. In principle we should find a rate which equals the

sums of two discounted net income streams. Net means that all incomes in

cluding scholarships and grants are added and all costs associated with the earn

ing of these incomes including for instance tuition are deducted. To obtain a

rate of return which is relevant for an individual choice whether or not to ob

tain additional education the calculations should be done after tax. The result

is usually called a private rate of return for education, to be distinguished from

a social rate of return which reflects social incomes and costs of education.

The calculations of relative private rates of return presented in table 4: 15 only

serve as illustrations and are based on same very crude assumptions. Costs

associated with a college training are assumed to be equal to scholarships and

grants received. Cost of living is assumed to be the same independent of educa

tian. The income streams are projections based on the estiInates in table 4 :11 (B)

and the average price increase during the sample period is thus wowen into the

llfetime salaries. As an approximation the real rate of return may be obtained
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Table 4:15. Relative rates of return to education

Educational qualifications Rate of return (%)

Degree in engineering/certificate in engineering I 17

Degree in business & economics/certificate in commerce 18

Degree in business & economics/certificate in engineering I 15

Degree in science/certificate in engineering I 14

Nate: The rate of return r is determined as the value of r for which

~5 1(t) - X(t) = o.
t=Q (1 + r)t '

where y(t) and X(t) are nominal income streams before tax projected by the model
(4:72). The birth year is assumed to be 1930 for both groups.

after deduction of the average price increase of 4 %. The rates of return are

as a matter of fact not calculated net of taxes. They should therefore be inter

preted as measures of the gross salary remuneration of one education relative

to anothftr standardized for differences in active time. To interpret the numbers

in table 4:15 as estimates of actual relative rates of return for those who were

barn in 1930 would hardly be meaningful. To do this a careful evaluation and

forecast of the factors which determine the salary increases in the future would

be necessary. The rates of return now calculated are primarily descriptions of

the state of affairs during the sample period. With this interpretation in mind

we find that the rate of return for a degree in engineering is 17 % relative to a

high school certificate in engineering. The return to college training in economics

or science is a few percentage units less. These results approximately agree with

results reported from other studies. In Blaug, Peston & Ziderman [1967] (table

10, p. 79), the estimated private return to an ordinary degree relative to a Higher

National Certificate (H.N.C.) is 9 %. This estimate, however, is net of income

tax. A rate of return before tax would probably be a few percentage units

higher. If furthermore 4 percentage ullits are subtracted from the estimates in

table 4:15 to allow for price increases in Sweden the results from the two studies

are approximately the same. In Fase [1969] (table 25 p. 81), the rate of return

to a degree in engineering relative to secondary education (II) is estimated to

12.6 % after tax and 15.1 %before tax. Both estimates are obtained from cross

section data. They are thus net of economic growth and price increases. If 6-7

percentage units are subtracted from the estimates in table 4 :15 they become

approximately comparable with the Dutch estimates. The resu!t 10-11 % is

a little less than Fase obtained.
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4.5 INTRODUCTION TO A CROSS SECTIONAL ANALYSIS

OF EARNINGS

The models obtained so far have been used to analyse earnings profiles of em

ployees differentiated by education. No other concepts have been used to de

fine homogeneous groups of employees. Increases in earnings have been analysed

as a functlon of age. Except for a few references to the human capitalliterature

and a digression on short-run variations in salary increases, the mechanism behind

the increases by age has not been analysed.

In the following chapter factors other than age and education will be brought

inta the analysis to explain salary differences in cross sections. It will be shown

that the job level is strongly differentiatory and that promotion from one level

to another is thus one important component of salary increases. Other factors

which may also differentiate between salaries are for instance job family, industry

and east of living area. These factors do not perhaps play the same instrumental

role as job level in explaining salary increases, they may rather be used to define

more or less homogeneous groups of employees in the same way as the factor

education has been used. However, this does not of course exclude the possibil

ity that an employee may obtain a salary rise by for instance moving from a

low-paying industry to a high-paying one.

In this section the model of a cross section profile (4:38) will be modified,

first by the introduction of salary increases due to the factor job level and

secondly by combining in one model cross section profiles of several groups of

employees with the same salary increases. Finally these two approaches will be

brought together in one model of the salary structure in a cross section. All

these exercises serve the purpose of an introduction to the models used later

in the analysis of the salary structure in Swedish' industry.

In the cross section model (4 :38) ( 'Y~ -~) may be interpreted as a salary dif

ference due to one year's difference in experience. As information about active

age is not available in a cross section of SAF data the model (4:38) cannot be

applied unless active age is replaced by some other variable. In the human

capital theory active age is usually a proxy for experience. Experience, theoret

ical or practical, is associated with the skills and responsibility required for a job,

Le. th,e job level. The higher the job level, the more the experience required and

the more experience an employee gains, the greater his chances are of promotion.

As a substitute for active age, it should thus be possible to measure experience by

the job level attained. In doing so one has to disregard the increase in experience

and also in salary which an employee gains at a given job level and approximate

the range of saIaries at this level by its midpoint.
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If ("y; -/3) is now interpreted as a salary increase due to increased experience,

-r" Illay be interpreted as a salary increase which is mainly associated with effl-
1

cicncy in work for a given level of experience, Le. at a given job leve!.* Young

ernploye'es are supposed to be more efflcient than middle aged and old ones.

The rate of salary increase due to promotion (increased experience) may in prin

ciple depend on the age at which promotion is obtained. Interactions between

job level and age will be investigated in chapter 5 but to keep the exposition in

this section simple no interactions are introduced at this stage. Under these as

sumptions and under the additionai assumption that at time T the p-th job level

is attained of maximum m levets, a flrst step towards a reformulation of the cross

section model gives, when the stochastic components are omitted

E(l L _P ~""n' Tlb )= ~ + ~T + L A. + ~ "/. D. ;
" j~2 J i=O 1 l

(4:84)

\vhere ~ is the effect of a promotion from job level j-1 to j.

Although there is certainly a relation of the nature described above between

job level and active age too much importance should not be attached to il. Pro

motion from one job level to another probably also contains other aspects which

cannot be measured by active age, and vice versa. A less restrictive approach is

to say that one important explanation for the salary increases associated with

physical age, when active age is omitted, is promotion. Its contribution to the

increases can be measured if the factor job leve1 is introduced. The remaining

effects associated with age are then picked up by the age factor.

In a second step of reformulatian a dummy variable Yj is introduced for each

job leve!. Yj takes the value 1 for observations at the j-th. job level, otherwise
J

its value is O. A new parameter w· is also defined; w
J
' = L Ar; j=2, ... , m.

J r=2

To simplify the analysis further and to treat the two factors alike the partial

relation between salary and physical age in (4 :84) is approximated by a new

function. In (4:84) sa1aries increase by a constant percentage inside each age

interva1. We now choose to represent the salaries in each interva1 by one value

on1y. Instead of a polygon we thus lise a step function. The new model is now

, , m c
E(lnLTth )= p + L (.JJ.Y~ + L K.Z,;

J.ve j=2 J J i=l l l
(4:85)

p' is the expected logarithmic salary of those who belong to the flrst age inter

val and to the flrst job leve!. Zi is a dummy variable which takes the value 1

* See the Swedish terminology »dugllghet» and »prestation» in SAF-SIF [1968].
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for observations in the i-th age interval and is otherwise O. Ki shows 40w much

higher the salary is in age interval i, i=l, ... , C; compared to the flrst interval

(Le. interval O) independently of job level and wj shows how much the salary

at job level j, j=2, ... ,m; deviates from the salary at the first leve!.

We will now turn to the treatment of more than one group of employees.

A group may be defined b~ education, industry, cost of living area and so forth.

Suppose there are g groups' of employees who experience the same salary in·

creases but have different initial salaries. Following expression (4 :38) the salary

structure of the g groups can then be written

g ~ c, , c ""
E(lnT-

fb
):= L (ah+/IT)Xh + L ('y.-~)D. + L 'Y. D.;

1.. h=l i=l l l i=O l l
(4:86)

where the Xh 's are dummy variables. The g intercepts can be reformulated as

deviations 77h from a common intercept ,l'.

(4:87)

Jl" and the g 17h's are, however, not uniquely defined as these six parameters

correspond to only five »composite» parameters (ah +~T). Unique parameters

can be obtained if an appropriate linear constraint is imposed on Jl" and the

77h 's. A constraint of the fol1owing type is usually chosen

g
L W1717 = O·

h=l h h '
(4:88)

where the W~ 's are suitably chosen weights the sum of which is one. From

(4:86) and (4:87) it fol1ows that

h= l, ... ,g (4:89)

Solving (4:88) and (4:89) for Jl" and 17h gives

(4:90a)

(4:90b)
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J.1" is thus a weighted average of the i~itial salaries and llh is the deviation of the

initial salary of group h from this average. The weights obviously determine the

interpretation of J.1" and llh. This problem will be dealt with in same detail in

chapter 5.

The characteristic features of the two expressions (4 :85) and (4 :87) give a

new model which will be used in a more or less generalized form in chapter 5

to analyse the salary structure in cross sections of Swedish industry.

g ffi c
E(lnLrfb ) = J.1 + L llhXh + L w.Y. + L K,Zi ;

• h=l j=l J J i=O 1

g
L Wll ll = O'

h=l h h '

ffi

L W~ W.= O;
j=l J J

c
L W~K. =O;

i=O 1 1

(4:91a)

(4:91 b)

(4:91c)

(4:91d)

A particular set of weights was chosen in (4 :85), namely~ =W~ = 1 and

all other weights equalled zero. These weights gave a convenient interpretation

of the parameters w· and K·, but they are not the only feasible weights. To keep
J 1

the model general, no specific weights are specified in (4:91). We will return to

this problem in chapter 5. J.1 is interpreted as an overall average expected log

arithmic salary and the parameters llh' wj and Ki express deviations from this

average due to group, age and job level respectively. Models of this kind have

previously been applied by for instance Hill [1959], Klevmarken [1968a] and

Holm [1970].
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CHAPTER 5

A CROSS SECTIONAL ANALYSIS OF SALNRY DIFFERENCES

In the previous chapter a model was developed for the analysis of both cohort

and cross section age-earnings profiles, and the last section of the chapter in

dicated how this model could be transformed so as to cover a more detailed

cross section analysis. Salary differences in several eross sections from the SAF

salary statistics will be analysed in this chapter by models of this kind, Le.

models of the class of general linear models of less than full rank. The property
not of full rank implies that the parameters of a model are not all unique, and

that the normal equations do not have a unique solution. In the traditional ap

plication of the general linear model, which is to investigate estimable linear

functions of the parameters, any solution of the normal equations will do to ob

tain a least squares estimate of the linear function or to make some of the usual

tests. With this application in mind it is easy to understand that it is the multi

plicity of solutions to the normal equations which is usually seen as the main

problem. -For instance, Searle writes (Searle [1971] p. 209): »The source of

difficulties with the model not of full rank is that the normal equations ...

have no unique solution.» The problem is thus primarily seen as an estimation

problem, one of finding an arbitrary salutian to the normal equations. This can

be done by imposing appropriate constraints on the solution or by utilizing the

approach based on generalized inverses of a matrix. The two are of course in

timately related.

The present application differs somewhat from the traditional one. Dur inter

est is not focused on estimable linear functions of parameters, rather we look

for a convenient and general description of the salary structure. It should be

possible to use it for many different comparisons including those which involve

non-estimable linear parameter functions. The fundamental problem is therefore

the non-uniqueness of the parameters and their interpretation. It can formally

be solved by an appropriate standardization of the parameters, Le. by imposing

constraints on the parameters in order to obtain uniqueness. The constraints

cannot be chosen arbitrarily. They should not reduce the rank of the model

uniess this is desired for non-statistical a priori reasons. We may then speak of
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restricted models. However, there are still an infinite number of possible ways

of standardization, Le. an infinite number of feasible constraints. Each set of

constraints implies a certain interpretation of the parameters. In one application

one interpretation may be more convenient than another, while in another ap

plication another interpretation may be preferred. In the more traditional

approach the interpretation of the parameters implied by the constraints used

is irrelevant, but this is not so in the present approach. The result of COIn·

parisons sometimes depends on the choice of constraints.

It is convenient to change somewhat the notation used in chapter 4· and to

state the basic features of linear models not of full rank using this new notation

before the empirical analysis is started . This is done in section 5.1. The choice

of constraints and the interpretation of the parameters implied by the constraints

are a1so treated in the same section. The flrst part of section 5.2 is a survey of

the variables and particular models used in the ana1ysis of each cross section and

the second part contains the empirical results. The empirica1 ana1ysis in this

chapter differs from the previous one by the fact tha t individual salaries are

used rather than averages.

5.1 MODELS AND METHODS

5.1.1 Basic features of the models

Suppose individual sa1aries of a particular group of employees are observed in

a given month. The problem given is to analyse how these salaries depend on

factors such as education and job. In order that the analysis may be rendered

more simple, it will be limited for the momen t to these two factors.

* Searle [1971] p. 205 suggests the following terminology:
» ..... Sometimes, however, more explicit definitions inherent in the model result in relation
ships (or restrictions) existing among the parameters of the model. These are considered
part and parcel of the model. For example, the situation may be such that the parameters
of the model satisfy the relation al +a2 +a3 = O; that is, we take this not as a hypothesis
to be tested but as a fact, without question. Relationships of this nature, existing as an in
tegral part of a model, will be called restrictions on the model. Their origin and concept
is not the same as that of relationships that sometimes get imposed on the solutions of
normal equations in order to simplify obtaining those solutions; those relationships will
be called constraints on the solutions. »

In the present study it is preferred to use the terms 'constraints' and 'restrictions' in
the more technical meaning indicated above in the text.
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The following notation is introduced:

p = number of educations

q = number of jobs

n.. = number of employees with education i and job j; i=l, ... ,p. j=l, .. o,q.
1J

q
n. = ~ n·· =number of employees with education i; i=l, ... ,p.

1· j= J 1J

P
n J' = L n·· =number of employees with job j; j =1 ,o .. ,q

• i= 1 lJ

p q p ~ n.. = the total number of employees, Le.
n.. L n· = ~ n. ~ kJ

i= 1 1. j = l ·J i= 1 j =1 1J

the total number of observations.

L
ijk

=the salary of the k-th employee with education i and job j. k= 1",0, nir

Suppose now that L ijk can be looked upon as the product of two components,

one which depends only on education and job and one which does not depend on

either of these two factors.

(5:1)

In the following sections <p .. will be treated as a non-stochastic component
lJ

and u"
k

as a stochastic variable. What is the nature of u· 'k? If the observations
ij ij

are obtained by a sampling survey uijk may simply be looked upon as a sampling

error. But in econometrics all possible individuals are very often surveyed which

is also the case in this study, except for non-response, and the usual sampling

e·rror interpretation is not possible. uijk is rather a part of the salary setting

process, i.e. this process is stochastic and not primarily generated by the survey

methods. This of course does not exclude the possibility that there are measure

ment errors and the like which may also be included in u··k .
lJ

It is very common in econometrics to look upon uijk as a residual which con-

tains everything not explained by <p ..• This view does not necessarily conflict with
lJ

the interpretation of uijk given above. On the contrary a list of factors possibly

omitted from the non-stochastic component may help to specify realistic prop

erties of u
ijk

.

The stochastic properties given to u" k explicitly or implicitly imply that u" kij ij

follows a certain distribution. The observations are then considered as realizations

drawn from this distribution. What inferences can then be made from this kind

of model? The answer depends on how general the model is believed to be. It

has already been mentioned that the whole population of individuals for a given

time period has been surveyed. Does the model also have validity for other
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populations of individuals at other time periods? Usual1y the econometrician

wants to give his model some validity outside the sample period or outside the

surveyed population of individuals, but on the other hand he readily admits

that the model is probably no good »far from» the sample period and for pop

ulations »different» from the surveyed one. In econometrics this is named

»structural changes». Gadd and Wold [1964] have even developed arneasure

of structural changes, the Janus coefficient. When econometric models are

used in forecasting it is common for anticipated structural changes during the

forecasting period to be bullt into the model after the estimation is completed.

It is usual1y difficult to specify how valid a model is outside the population

and time period observed ; to be strictly formal it is only valid inside this domain.

Is it then at all interesting to make inferences for a hypothetical distribution

valid for a limited group of individuals and for one historical time period, when

we know the actual realizations of the process? If the analysis is to have any

value besides a description of historical facts, we have to admit that the results

may reveal something of an economic structure, which is valid in a more general

context. An important observation is, however, that an inference drawn to a

domain outside the observed population of individuals and sample period is

usually not a statistical inference but an inference based on the economists

expert judgement. This may perhaps be seen as a result of insufficient model

building and a lack of confidence in econometric modeis.

The purpose of bringing these questions up has not been to analyse philo

sophical aspects of econometric mode1 building, but rather to indicate how the

author looks upon the statistical methods in this context and how, in his opin

ion, the results of this study shou1d be interpreted.

Following the procedures of the two preceding chapters, (5:1) is converted

into logarithms.

lnL" k = lnq>.. + lnu ..k ;
1J 1J 1J

(5:2)

The specific properties of u" k will not be specified until needed, except that
1J

(5:3)

The expected value of lnL" k is then inq>... In analogy with the models in
1J 1J

chapter 4, lnq>ij is broken down into three components

lnq>.. = J.1 + a· + (3.
ij 1 J;
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/1 is the expected average salaryand aj and ~j the deviations fronl the average

due to education i and job j respectively. To simplify the notation Eijk is

substituted for lnu"k and Q"k for InL··k . We now obtain
lJ lJ lJ

j=l, ... ,p. j=l, ... ,q (5:5)

(5:6)

To obtain (5:5) in a form similar to the usual linear regression model it can

be rewritten once again with dummy variables, one for each education and one

for each job.

p q
Q"k =/1 + ~ a· X. + ~ ~,Y.+ E·· k ;

lJ j=l l l j=l J J lJ
(5:7)

The value of Xi is unity when an employee has education i and is otherwise

zero, and the value of y: is unity when he belongs to job j and is otherwise
J

zero.

For each set of dummy variables corresponding to one of the factors educa

tion and job and for each observation, it is true that the sum of the dummy

variables is always equal to one,

p q
LX. = LY. = 1;

j= 1 1 j= 1 J
(5:8)

Le. the dummy variables of a set are linearly dependent. The parameters of the

model (5 :7) are then not unique. To see this, add an arbitrary constant to all

aj (or all ~j)' It is then possible to compensate for the increased a/s (~/s) by

subtracting the same constant from /1, without changing the value of Q··k. To
lJ

obtain unique parameters we choose to impose constraints. As there are two

independent linear dependences among the dummy variables, two independent

linear constraints are needed. They are traditionally of the following form.

p
L W. a· = O;

j= 1 l. l

q

L W '~J' = O;
j= 1 ej

(5:9)

(5:10)

The weights W. and W. have to be chosen according to certain rules which will
h· -J

be discussed in a following section.

As the dependent variable is the naturallogarithm of monthly salaries, lOOaj

can approximately be interpreted as the percentage deviation from the average
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salary due to education i, and 100~. analogously. In the present applications
J

thc approximation is rather good in the interva~~ -15 % to + 15 %. Similarly

for two educational qualifications i and r 100(ai-ar ) is interpreted as the per

cen tage salary difference due to education.

In the model (5 :7) the effect due to education and the effect due to job

are additive, Le. the effect due to education does not depend on the job and

vice versa. The model is called an additive mode!. This is not always arealistic

assumption. The ratio between the expected salaries of two educational qualifi

cations may depend' on the job or, which is the same thing, the ratio between

the expected salaries of two jobs may depend on the education selected for the

comparison. If this is ,the case ther~ is interaction between the two factors

education and joho To investigate interactions, effects due to each combination

of educ~tion and job, 'Yij' can be added to the model. The expression (5 :5)

is then reformulated as

Q"k = Il + a· + ~. + 'Y.. + E" k . i=l, ... ,p. j=l, ... ,q
lJ 1 J lJ lJ'

and (5 :7) as

p q
Q"k = Il + L a·x· + ~ ~.y. + L'Y"(X.y,) + E·· k ;

lJ i=l l 1 j=l] J lJ 1 J lJ

(5:11)

(5:12)

(Xi~) can be considered as a member of a new set of dummy variables the value

of which is unity when an observation belongs to education i and job j and is

,otherwise zero. The parameters in (5 :11) and (5 :12) are not unique. This can

be seen for instance in the following way. Suppose there are pq unique expected

values 1n<l>ij'

ln<l>.. =Il + a· + ~. + 'Y";lJ 1 J lJ
i= 1 ,... ,p. j= 1 ,... ,q (5:13)

There are thus pq independent equations but pq+p+q+ 1 unknown parameters.

It is thus impossible to solve (5 :13) for these parameters and to obtain a unique

solution unIess p+q+ 1 independent constraints are added to the system of

equations. If (5 :9) and (5 :10) are used as before another p+q-1 constraints

are needed. The new constraints are built up in the following way

P
L W"'Y" = O; j= 1,... ,q

i= l lJ lJ

q
L W"'Y" = O; i=l, ... ,p

j=l lJ lJ
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These constraints are not linear1y independent, one constraint is redundant and

can be dropped. It is immaterial which one is chosen. There will then rerilain

p+q-l independent constraints.

The so ca11ed »maln effects» a i (and ~j) no longer tell the who1e story in a

comparison between two educational qualifications (jobs). If interactions are

importa~t it is necessary to s~~ify the job (education) for which the compar·

ison is done and to inc1ude the interaction effect 'Yif For instance, for the

educational qualifications i and r, the percentage difference in job j due to

education is (approximately) 100(ai + 'Yij - ar - 'Yrj) per cent according to

(5:11) and (5:12). 100(ai - ar) can now only be interpreted as al) average

difference due to education. The interpretation of the parameters is treated

more thoroughly in section 5.1.2.2.

5.1.2 The choice of constraints

5.1.2.1 Formal properties of the constraints

The model (5 :12) can be written in matrix form

Q = ZT + €;

where

(5:16)

€ ={€"k}lJ n •• x 1

With an expression borrowed from experimental statistics Z is the design matrix.

The number of parameters (co1umns of Z) is c. With the notation previous1y

introduced it is true that

c ~ 1 + p + q + pq; (5 :17)

The inequality is valid when one or more interactions do not exist. Any model

of the same kind as (5:12) can of course be written in matrix form in the same
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way as this model. The results obtained beloware true for any model of

the form (5 :16) and are in particular not limited to a model with two factors.

The difference Q - € is now denoted g and (5 :16) is written

Z7 =g; (5 :18)

This implies that g is in the column space of Z. For the particular mode1 in

the previous section it was demonstrated that the columns of Z were linearly

dependent. It will now be assumed that

rank Z = r < c; (5 :19)

where c is the number of columns of Z. Since g is in the c01umn space of Z

a solution exists (Pringle & Rayner [1971], theorem 1.6 p.9). It is weil known

(see for instance Pringle & Rayner [1971] p. 10) that the general solution of

(5 :18) is

(5 :20)

where k is an arbitrary c x 1 vector and Z- a generalized inverse of Z.* There

is thus an infinite number of T vectors (5: 20) which satisfy (5 :18). As has al·

ready been explained the non-uniqueness of 7 is not satisfactory from the view

point of interpretation and presentation. We will therefore choose one of the

possible values of 7 which lends itself to a convenient interpretation. This will

be done by imposing appropriate additional constraints on the parameter vector

7. Appropriate here means that for every g in the column space of Z the con

straints and (5:18) give

a) one and only one of the solutions defined by (5 :20)

and

b) that this solution can be interpreted in a meaningful and desired way.

Necessary and sufficient conditions for the flrst requirement will be considered

in what remains of this section and the problem of interpretation will be treated

irt the following section.

The constraints chosen are of the following linear and homogeneous form**

H7 =O; (5 :21)

* In the terminology used by Pringle & Rayner [1971] Z- is a gl-inverse to Z, i.e. a
non-unique matrix wruch satisfies ZZ-Z = Z.

** The constraints do not necessarily have to be homogeneous, but this is customary in
analyses of variance and the four specific constraints considered later have this property.
No need has thus been fett for a generalization.
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where the matrix H is of the order t x c. (5 :18) and (5 :21) tagether now form

a newequatian system

(5 :22)

It has been proved by several authors, for instance by Plackett [1950], Scheffe

[1959] and Seber f1966] that necessary and sufficient conditions for the exist

ence of a unique solution to t~e equation system (5 :22) for every g in the column
space of Z. .

i) rank {-~-} = c;

ii) no linear combination of the rows of H except the null vector, is a linear

combination of the rows of Z.

Vet another proof is given in appendix B. For matrices H which are chosen

such that the two conditions are satisfied the unique solution of (5 :22) is

'T =(Z'Z + H'H)-l Z'g; (5:23)

For a proof see the references given above or appendix B.

For given matrices Z and H it may be difficult to investigate whether or not

condition ii) is satisfied. (There is usually no problem in determining the rank

of a matrix, and the investigation of condition i) does not therefore raise any

Dlajor difficulties.)I t is therefore useful to observe that Z and H are complementary.*

It then follows that the two conditions above are equivalent to the following

two

i) rank {-~-} = c;

iii) rank Z + rank H = rank t~1;
For a proof see appendix B.

In order to test whether a given matrix H satisfies the conditions,one

method is to determine the rank of the matrices Z, H and f-~-} and to find

out whether the sum of rank Z and rank H equals rank {-~-} and the number

of unknOWD parameters. With modern computer techniques such a test can be

incorporated in a regression program (Cedheim & K1evmarken [1969]).

An alternative methodis suggested byPlackett [1950]. The following results

are stated without proof. As rank Z is less than c there exists D of order

c x (c-r) and rank (c-r) such that ZD =O. One possibility is to choose the

matrix

* According to the definition by Chipman [1964] two matrices A and B are complementary
if a) A and B both have k columns and rank A + rank B = k, and b) the row spaces of A
and B have only the origin in comn10n.
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ll-l l J
D=-~I!ic-=-!l ;

(c-r)
(5 :24)

where l;;.l is the inverse of a non-singular r x r submatrix lrr of l. Since

rank Z is r, su'Ch a matrix exists. Z ( ) is a matrix of the remaining elementsr c-r
in the same rows of Z used to form l . If H is a (c-r) x r matrix of rankrr
(c-r) such that HD is non-singular, rank H is (c-r) and rank {-~-l is c which

implies that rank H + rank Z = rank f-~l (In addition to Plackett [1950]

and [1960] a proof is also given by Seber [1966].) The method is thus

flrst to find D such that lD = O and then to test whether HD is non

singular. As this method presupposes that rank Z is known since other-
\

wise a matrix H with exactly (c-r) rows cannot be chosen, and as the process

of finding a D and then testing HD for singularity does not seem more con

venient in camputer work than the rank tests suggested above, this method does

not offer any practical advantages.

Although we now have at least two methods of checking whether a given matrix

H fulfils the necessary and sufficient conditions, the problem of choosing a matrix

H for this test still remains. It is of course desirable that the H first chosen should

fuIfi! the conditions. It is usually convenient to choose a matrix H with no 1110re

than c-r rows to avoid the sum of rank Z and rank H being greater than rank

{Z'; H'!. It is thus necessary to know r, Le. rank Zwhich can usually be calculated

fairly easily for the models used in this study. To see this we will investigate the

rank of a sequence of models starting with the most simple one-factor model.

The regressor matrix of a one-factor model is represented in (5 :25).

J.1 al a2 ... ap

1 O ... O

O 1 ... O (5 :25)

O O ... 1

In the following a i is called the i-th level of factor a and it is assumed that there

is one and only one observation on each factor level in the case of only one factor

and on each factor combination in the ca~e of more than one factor. This assump

tian is no limitation. If there is mare than one observation on a factor combinatlon

the corresponding row in the regressor matrix is repeated as many times as there

are observations; it does not change the rank of the matrix.

As (5:25) is of the order p x (p+l), rank (5:25) ~ p. By inspection it is easy

to flnd that the last p columns form an identity matrix. Thus rank (5 :25) =p.

The columns of the matrix are linearly dependent. The sum of the last p co1umns

equals the flrst.
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The regressor matrix for an additive two-factor model is obtained from

(5 :25) by a repetition of each row in this matrix once for each level of the new

factor~. The a-regressors still add up to the flrst column and so do the ~.regressors.

As the columns in the new regressor matrix (5 :26) are p+q+ l which is less than

the number of rows, rank (5 :26) ~ p+q+ 1-2. To assure that there is equality

we first note that the rank of the matrix formed by the first p+ 1 columns is p

(this matrix is the same as (5 :25), except thateach row is repeated q times which

does not change its rank), and secondly that no linear combination of (q-l) of

the ~-regressors is also a linear combination of the 11- and a-regressors except the

zero vector. Suppose for instance that the last ~-regressor is dropped. A linear

combination of the remaining (q-l) columns must always have a zero element

in the q-th, 2q-th,- - -, and pq-th position and as it is impossible to form

a linear combination of the first p+ l columns with this property , rank (5 :26) =

=p+q-1.

The same arguments can be repeated for any number of factors which

gives the following general rule for an additive mode/.

f
rank (regressor matrix) = ~ (p.-l) + 1;

i=l l

where Pi is the number of levels of factor i and f the number of factors.

Consider now a two-factor model with interactions [(5 :28)]'

(5:27)
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To simplify the notation all zero elements have been omitted from the

matrix. By assumption (5 :28) has pq rows and 1+p+q+pq columns and thus

rank (5:28) ~ pq. As the last pq columns form an identity matrix there is

equality and rank (5 :28) = pq. There are thus p+q + 1 independent linear

relations among the columns. The same two relations from the additive model

still hold, namely that the sum of the a-regressors and the sum of the ~-re

gressors each equal the Jl-regressor. Furthermore, for each i the sum of the

(a~) .. columns over j equals the a· column and for each j the sum of the (a~) ..
lJ 1 lJ

columns over all i equals the ~. colun1n. However, this does not give p+q in-
J

dependent relations, but p+q-l; because one can be obtained froln the others.

This is seen from the following vector relations.

p
p. = L a· ;

i= 1 1

q-l
~ = Jl - L ~.

q j=l J

q
a· = L (a~) .. ;

1 j=l lJ

p
~. = L «(X~) .. ;
J i=l lJ

p q-l
L a· - L ~. ;
i=l 1 j=l J

i=l, ... ,p

j=l, ... ,(q-l)

(5:29)

(5:30)

(5:31)

(5 :32)

After substitution of (5 :29) and (5 :32) into (5 :30) and a change of the sum

mation order we obtain

q p q p p
~ = L L (0:(3) .. - L L (a~) .. = L (0:(3). ;

q j=l i=l lJ j=l i=l lJ i=l lq
(5:33)

p+q+ 1 independent linear relations have now been demonstrated.

The vector {ln</>..} 1 of a two·factor model with interactions as (5 :13)
lj pqx

thus belongs to a pq-<limensional space, while a model without interactions is

restricted to a p+q-l dimensional space. The restrictions imposed on the ad

ditive model are of the following kind. For instance for p=q=2, (5 :13) gives

lnep .. = Il + (x. + ~..
lJ 1 J '

which yields the restriction

i=1,2. j=1,2 (5:34)

(5 :35)
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In this particular case, p=q= 2, there is only one restriction on {ln<PijI which

~Iongs to a 3-dimensional space. In the general additive two-factor model

there are (p-l )(q-l) independent restrictions

(5 :36)

imposed on{ ln<pij } by the model.

The introduction of a third factor, first only in additive form, changes the

regressor matrix of the model. Each row in (5 :28) is repeated once for every

level of the new factor. The regressors belonging to this factor add up to the

Jl-vector in analogy to the first two factors, but except for this linear relation

the third factor does not introduce new linear relations among the columns. To

see this, suppose the third factor has r levels and that one of its regressors is

dropped, for instance the k-th one. Then the k-th, (k+r)-th, (k+2r)-th,~ - 

rows in the matrix, formed by the remaining k-l regressors, only have zero

elements. As it is impossible to obtain a linear combination of the first

1+p+q+pq regressors with zero elements in these rows, there is no linear com

bination of these regressors which is also a linear combination of the last r-l

regressors, except the zero vector. The rank of the regressor matrix with three

factors and one two-factor interaction is thus pq+r-l.

Expansion of the model by a new two-factor interaction, for instance be

tween the first and the third factor, adds pr columns to the regressor matrix.

Analogously to the two-factor model there are p+r-l independent relations

between the new pr regressors and the old 1+p+q+r+pq regressors. There

are no more linear relations which can be seen from the following example

with p=q=2 and r=3 [(5:37)].

Suppose the first 6 and the last 4 regressors are dropped, the remaining 8

regressors are then linearly independent and the rank of the matrix is 8. The

rank of a three-factor model with two two-factor interactions is pq+pr-p =

= (p-l)(q-l) + (p-l)(r-l) + (p-l) + (q-l) + (r-l) + 1.

Although. more complicated, the same kinds of argument can be applied to

models involving more factors and interactions. Dur findings may then be gener

aliied to a model with f factars an~ s « (~) twa-factar interactians

f s
rank (regressor matrix) = 1 + L (p.-l) + ~ (Pi-l)(p.-l);

i= 1 l f ijl=1 J

As the number of parameters ID is

f s
ID = 1 + L p. + ~ p. p. ;

i=l l {ij)=1 l J
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the number of constraints required, c, is

s
C = m - rank = f + L (p. + p. - 1);

{ijl=l 1 J
(5 :40)

Even if the rules given are followed it may occur that the rankcheck indicates

that rank {Z'! H't is less than the number of parameters and the sum of rank

Z and rank H. This was a rare occurrence in our applications but when it

happened it was usually possible to trace it back to a »numerical» singularity

rather than a true singularity of {Z' iHl. As will be shown in the next section

the matrices H used in practical work are sometimes formed on the basis of the

number of observations in each factor combination. Experience then indicates

that numerical singularity may occur when the observations are distributed very

unevenly.

It still remains to determine a particular set of constraints. The set of possible

constraints is restricted to those which fulfil the two conditions i)and ii) on

page 141 (or i) and iii) on page 141) and the choice cannot thus influence the

rank of the model, only the interpretation of the parameters. In the next sec

tion four particular sets of constraints will be explored.

5.1.2.2 Four specific sets of constraints

In an additive model the effects due to one of the factors are independent of

the other factors. This is illustrated in figure 5:1 for a model with two factors,

education and job level. There are two kinds of education and four job leveis.

Figure 5: 1. Main effects in an additive model

ln</> ..
1J

J1

Education 1

Education 2
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The upper solid ~urve shows the 10garithmic salaries for employees with educa

tion 1 at various job leveis. The lower curve shows. the logarithmic salaries for

employees with education .2. As the slope of the two curves in the diagram is

positive the logarithmic salary increases by job leve!. The distance between the

two curves is the same independently of job level as the model is additive, in

this particular case they are two paraBel lines. This distance then is a natural

measure of the difference between the two educational effects.

The choice of constraints defines the overall average /1, (the line of short

dashes). It also determines where along the job-Ievel-axis the main effects are

defined. If for instance, the constraints åre chosen so that observations from

high level jobs are given a heavy weight, the effect due to education 1 can be

interpreted as a difference between the upper solid line and the line of short

dashes in the upper job range, for example al , and similarly for the effect due

to education 2, a2. If the observations from 10w level jobs are weighted heavily

the main effects may fo~ instance be defined as a; and a;. The latter then is

negative. In both cases the difference between the two effects is the same.
The choice of constraints and the corresponding interpretation of the param

eters may be of particular importance for models with interactions. Suppose

for instance we have a two-factor model as before, but education and job leve1

now interact as shown in figure 5:2. There is in this case no unique ,difference

between the two kinds of education. What should properly be understood by

a main effect therefore is unclear. If the difference between the two educational

effects is measured at job leveI5the results is A but at leve12the difference is

larger, B. It is probably possible to choose constraints which define the main

effects at job levels outside the present interval of levels and still satisfy the

formal requirements. With constraints of this type the interpretation of the main

effects would in most cases be rather strange. The difference C in figure 5:2

is one example, where even the sign in the comparison between the kinds of

education is reversed. In cases with interactions it is usually satisfactory to de

fine the difference between two main effects as some kind of an average of all

possible differences inside the present range of categories, Uob level 5-2 in this

example).

In the following four sets of constraints will be suggested and their correspond

ing interpretation of the model parameters investigated and compared. The first

set defines the main effects of education at a certain job level and vice versa,

while the three remaining sets define the educational effects as averages over
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Figure 5:2. Main effects in a model with interactions

ln<t> ..
lJ

2
lob level

/

B

job levels and vice versa. All of them are more or less common in practice. The

first two have perhaps been applied most frequently in the analysis of non-ex

perimental data (Suits [1957], Scheffe [1959], and Melichar [1965]), while the

last is usually applied in the analysis of experimental data. By experience they

have all been found to fulfil the conditions i) and ii) on page 141 provided that

no combinations of categories are missing. The choice between them is primarily

determined by the parameter interpretation desired. There are times when this

criterion is not enough to single out only one set of constraints, but two or three

alternatives may all give convenient interpretations. It is then relevant to in..

vestigate whether the estimates obtained by the different sets differ very much.

If they give approximately the same result any of them will suffice. The inter·

pretation of the parameters which follows from each of the four sets of con·

straints is investigated in a formal way in this sectian, while an empirical com

parison is reserved for section 5.2.2.

For reasans of simplicity only the two·factor model is treated, but the results

can be generalized. The same notation is used as before, see expressions (5 :4)"

and (5:13).
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The first set of constraints

(5 :41)

~J = O;

liJ = O; i= 1,... ,p

IIj=O; j=l, ... ,q

(5:42)

(5 :43)

(5 :44)

I is a particular education and J a particular job. Substitution of these con

straints into (5 :13) yields the following interpretation of the parameters.

~j = ln</>Ij - ln</>IJ; j= 1, .. ,q

'Y.. = ln</> .. -ln</>'J - ln</>I' + ln</>IJ; i=l, ... ,p. j=l, ... ,qlJ lJ 1 J

(5 :45)

(5:46)

(5:47)

(5 :48)

With these constraints fJ. is the expected (logarithmic) salary of education I and

job J and all other parameters are interpreted as deviations from this expected

value. The main effects ai are determine~ by the (logarithmic) salary differ

ences in job J only and the ~j's are determined by the (logarithmic) differences

in education I only. This set of constraints is usually chosen when a particular

education - job combination is a natural reference point, but when there is no

such reference point and when the model contains interactions, this set may

be somewhat peculiar in many applications. (When the model is additive all

differences ln</>iJ-1n</>IJ; J=I, ... ,q, (ln</>Ij-ln</>IJ; I=I,... ,p) are alike, see (5:36).)
Some times it is more natural to define a· as some kind of an average over all

1

jobs and ~j as an average over all educational qualifications. The remaining three

sets of constraints have this property .

The second set of constraints
p
L n. a· =O;

i=l 1el·

q
L n . ~. = O:

j=l ej J /

(5 :49)

(5 :50)
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p
L n. 'Y.. = O; j=l, ... ,q

i=l 1· lJ

q
L n .'Y.. = O; i=l, ... ,p

j=l ej lJ

Application of these constraints to the model (5: 13) yields

LL n. n .ln</>.. = LLn n . (Jl+a.+(j.+'Y") = Jln 2 + L n. a· Ln . +
i j 1. eJ lJ i j le •J 1 J lJ • e j 1. 1 j eJ

+ L n .(j. Ln. + Ln. Ln .'Y .. = J.ln2
;

j eJ J 1• i 1e j •J lJ • •

n. n.
.. fJ = LL_l _e ~ In</> .. ;

.. n n lJ
.1 J •• e e

Ln .ln</>.. = L n .(J.l+a.+(j.+'Y") = J.ln + a·n ;
j ej lJ j ej 1 J lJ • • 1 e e

n .
.. a.=L_e_J lnn.. .. -II· ·1

1 . n ~lJ""" }= , ... ,p
J ee

The expression (jj is obtained in the same way,

n·.. (j L le l n.. .
j = i n:-: n~ij - 11; J=l, ... ,q

and

(5 :51)

(5:52)

(5:53)

(5:54)

(5 :55)

(5 :56)

(5 :57)

(5 :58)

fJ is now interpreted as a weighted average of expected (logarithmic) salaries

where the weights are formed by the marginal sums. aj is the average (loga

rithmic) salary difference of education i from the overall average salary. The

average is again a weighted average in which the expected (logarithmic) salary in

education i and job j is weighted proportional to the total number of employees

in job j. A similar interpretation holds for the average (logarithmic) salary dif

ference (jj due to job.
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The third set of constraints

p
}: n. a· = O;

i=1 1- 1

q
1: n .~. = O;
j=l -J J

p
L n.. )'.. = O; j= 1 ,... ,q

i=1 lJ lJ

q
}: n.. )'.. = O; i= 1 , ... ,p

j=l lJ lJ

(5 :59)

(5 :60)

(5 :61)

(5 :62)

The .interpretation of the parameters jJ, a·, a.. and )'.. associated with this new
1 fJJ lJ

set of constraints is derived in the same way as before,

}:Ln.. ln<t> .. = LLn.. (jJ+a.+~.+)' .. ) = jJn + La.n. + ~~.n . +
i j lJ lJ i j lJ 1 J lJ • • iII. j J •J

n· .
•: J.1 = LL _..-!l ln<t> .. ;

'i j n.. lJ

(5:63)

(5 :64)

(5 :65)

Analogously

i=I, ... ,p

i=l, ... ,q

(5 :66)

(5 :67)

With the constraints (5 :59) - (5 :62) also, jJ is a weighted average of all expected

(logarithmic) salaries, but the weights are now proportional to the number of

employees in each combination of education and job. The main effects are a

weighted average of (logarithmic) differences from the overall mean as in the

previous case, but before the averages giving the educational effects are formed,

each expected (logarithmic) salary is adjusted for the job effect, and before the
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averages giving the job effects are formed, each expected (lorarithmic) salary

is adjusted for the educational effect.

The fourth set of constraints

p
La. = O;

i=l 1

q
L (3. = O;

j=l J

p
L 'Y.. = O; j=l,. .. ,q
i=l lJ

q
L 'Y.. = O; i=l, ... ,p

j=l lJ

(5:13) and (5:68) - (5:71) give

p q p q
L L ln(j) .. = L L (p+a.+~.+'Y") = ppq;

i=l j=l lJ i=l j=l 1 J lJ

1 p q
. p :=.- L L ln(j) .. ;

pq i=l j=l lJ

q q
L ln(j) .. = L (P+(l·+~·+l'··) = pq + a.q;

j=l lJ j=l 1 J 1J 1

(5 :68)

(5 :69)

(5 :70)

(5 :71)

(5 :72)

(5:73)

(5 :74)

q
.. (l. = l L ln(j) .. - p;

1 q j=l 1J

and

i= 1 ,... ,p (5 :75)

1 p
~. = - L ln(j).. - p; j= 1,.. ,q
J P i=l 1J

(5 :76)

. This fourth set of constraints gives an interpretation similar to the second set.

The only difference is that the averaging is done with equal weights.

The following numerical example is chosen to illustrate the properties of

the four sets of constraints. Suppose there are three educational qualifications

and three jobs. The expected logarithmic salaries are given in table 5: 1. To

demonstrate the importance of the distribution of employees by education and

job, alternative distributions are given in table 5:2. The overall mean and the
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educational main effects are calculated for each set of constraints and with each

alternative in table 5:2. Table 5:3 contains the results from these ca1culations.

Table 5:1. Expected 10garithmic salaries

Educatlon

1

2

3

Job

6.0

6.0

8.0

2

7.5

7.1

7.5

3

8.0

7.2

7.0

Table 5:2. Number of employees by education and job

Alternative A Alternative B

Education Job Job

1 2 3 ~ 1 2 3 ~

1 10 20 30 60 10 20 30 60

2 8 7 15 30 5 7 18 30

3 2 3 5 10 5 3 2 10

~ 20 30 50 100 20 30 50 100

Table 5:3. Educational main effeets

Set of
Results obtained with

con· Alternative A Alternative B
straints

Il al a2 a3 J1 al a2 a3
1* 6.0 0.0 0.0 2.0 6.0 0.0 0.0 2.0
2 7.464 0.186 -0.334 -0.114 7.464 0.186 -0.334 -0.114

3 7.472 0.188 --0.334 -0.123 7.508 0.153 -0.405 0.296

4 7.367 0.133 -0.267 0.133 7.367 0.133 -0.267 0.133

* Reference point is education 1 and job 1, Le. I=J=1.
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With the first set of constraints the salary of the first education and the

first job combined is chosen as the reference point, therefore J.1 equals the

salary of this combination. The effects due to education are then determined

as the differences between the first and the other educational groups in the

first job. If some other reference point is chosen the main effects will in general

be different. The first education and the third job would for instance give the

effects due to education: O, -0.8, -1.0. This may seem a little arbitrary. The

three other constraints do not have this property , but two of them, the second

and the third, depend on the number of employees, while the first and fourth

do not.

Given that the numbers in table 5: 1 are natural logarithms the parameters

in table 5:3 can roughly be interpreted as percentage differences. For instance

with set No. 2 and alternative A the average salary in education 1 is approx p

imately 18.6 % above the overall average salary. In education 2 it is 33.4 %
below and in education 3, 11.4 % below.*

The two alternatives in table 5:2 are made up in such away that they have

the same marginal distributions. The difference between A and B is only that

observations are shifted from job 1 to job 3 in education 2 and from 3 to 1 in

education 3. As the second set of constraints only depends on the marginal

distributions the application of these constraints yields the salne result with

alternative A as with B. As set No. 4 does not depend at all on the distribu

tion of employees, the parameters associated with this set are also repeated

twice in table 5:3. It is, however, instructive to compare the parameters as

sociated with sets Nos.2 and 4. The effect due to education 3 is positive with

set No. 4 but negative with set No. 2. The explanation of the negative sign is

of course that 50 % of the employees have job 3, where education 3 is given

a relatively low reward. Although only 5 % (2 %) of the employees have this

combination, its low salary is weighted heavily with the second set of con

straints. Set No. 3 behaves differently in alternative B but not in A. In A the

conditional distributions are very close to the marginal distributions and sets

Nos.2 and 3 thus give almost the same result, but in alternative B the distribu

tion conditionai on education 3 is positively instead of negatively skew and the

weight applied to the salary in job 3 with education 3 is very much reduced

which gives a positive effect due to education 3.

The choice of constraints can thus be very essential to the interpretation

of the model, but perhaps not as important as this numerical example may

indicate (see below). In this study we use populations of employees and the

distribution of employees determining the constraints is thus that of the pop-

* .The correct percentages are 20.4, 39.7 and 12.0, respectlvely.
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ulation. In other applications observations may have been obtained by a

sample survey. In that case it is less obvious that the constraints can be based

on the distribution of employe~s in the sample, in 'particular if this empirical

distribution is the result of the sampling experiment.

In some applications the comparison inherent in the constraints chosen is

not the only matter of interest. Sometimes it is aIso interesting to investigate

contrasts. The average salary difference between two educational qualifications

or two jobs or the salary range due to education may for instance be the par

ticular interest. In general contrasts are not indifferent to the choice of con

straints. For instance, from (5 :56) we obtain

and from (S :75)

q
a~4) - a(4) = ~ L (In</> .. - lncj) .);

1 I q j=l lJ IJ

(5 :77)

(5 :78)

(5:77) and (5:78) do not in general coincide, but in one important special case

they do, namely when the model is additive. This follows from (5 :36).

From (5:66) we obtain

When the proportionality relation

(5 :79)

j= 1,... ,q (5 :80)

holds, (5 :79) equals (5 :77), but in general it does not.

If there is interaction between two factors, for instance education and job,

the salary differences between two educational qualifications depend on the

job.

(al + 'Yl') - (a. + 'Y") = ln</>I' - ln</> .. ;J l lJ J lJ

but the comparison is independent of the weights.

(5:81)
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5.1.2.3 On the treatment of »empty cells»

Although not explicitly stated it has been assumed that all two-by-two factor

combinations exist, Le. it is possible to observe a salary for any combination

of two factors. If this is not so and there are »empty cells» the number of

parameters is reduced. Formally this can be accomplished by adding one or

more constraints to the model. It has been demonstrated previously that the

complete two-factor model (5:13) has a regressor matrix of rank pq. This matrix

then contains pq independent rows. Each of them corresponds to one combina

tion of the two factors and is repeated as many times as there are observations

on this combination. Suppose now that combination (I, J) does not exist.* It

is then impossible to determine the interaction 1'1J ' and the rank of the regressor

matrix is reduced by one as one of the previously pq independent rows is now

missing. Formally , to obtain full rank, the following constraint may be added

to the model

(5 :82)

If there is more than one empty cell more constraints of the same type are added.

Depending on where the empty cells are located these additional constraints may

imply that even more parameters are zero. Assume for instance a complete two

factor model where each factor gives a maximum of three effects. Suppose now

that the two combinations (1,2) and (3,2) are missing. Under any of the last

three sets of constraints the main effect ~2 is in principle determined as the de

viation between the overall average and the average of the expected salaries in

the three combinations (1,2), (2,2) and (3,2), but with (1,2) and (3,2) missing

it is only determined by the overall average and (2,2). Obviously no unique

interaction 1'22 can be determined in addition to ~2' With the constraints

(5:49) - (5:52), (5:59) - (5:62) or (5:68) - (5:71) and 'Y12 = 'Y32 =O no ad

ditionaI constraint is needed because they imply that 'Y22 = O. However, if it

is instead combinations (1,1) and (3,3) which are the empty cells, adding 'Y11 =
= 1'33 = O to the model does not imply that any other parameter is zero. The

analysis of empty cell cases can be extended to models involving more factors

and more effects, but there does not seem to exist any simple formula for the

determination of what parameters become zero when there are empty cells.

Finally, it should be made clear that no specification error is committed when

one or more parameters are dropped because certain factor combinations cannot

exist, but in empirical work observational empty cells sometimes occur, i.e. no

* Even if the constraints are not based on the number of observations, it may be useful
to count the number of observations in each factor combination in order to discover if any
combination lacks observations.

158



observations are actua11y obtained, but in principle it is possible to observe the

cell. In this case it is not possible to estimate a parameter associated only

with this cell, but the involuntary omission may bias the estimates of the other

parameters.

5.1.3 Estimation

5.1.3.1 Least squares estimators

The two previous sections of this chapter have been used to analyse the prop

erties of the theoretical models and, with some exceptions, estimation has not

been touched upon. As the models used belong to the class of general linear

models it is natural to apply least squares theory to estimate the model. In

section 5.1.2 it was stated that if the constraints are chosen as to fulfil con

ditions i) and ii) on page 141 there is a unique parameter vector 7 which sat

isfies (5:18) and (5:21). It must also be shown that there exists a unique least

squares estimate ~ satisfying (5 :21), i.e. that the constraints imposed on the

parameters can also be imposed on the estimates. However, this imrrlediately

follows from the same statement on page 141 (proposition B:1 in Appendix B)

if g is made equal to the orthogonal projection of Qon the linear space spanned

by the columns of Z, Le. the least squares estimate of Q. (See also Scheffe [1959]

Corollary 2 to theorem 3.)

Suppose 1" is the unique least squares ~stimate. Thus it is one of the solutions

to the normal equations and satisfies

Z'Q =Z'Zr;

and as it satisfies (5 :21) it is a1so true that

H'Hr = O;

Adding (5:83) and (5:84) we nate that

Z'Q = {Z' lHH-~-}T ;

(5:83)

(5:84)

(5 :85)

By assumption (Z' ; H'} has full rank. From a weil known theorem of matrix

algebra it then follows that fz' lH'} MI also has full rank and that its inverse

exists. The least squares estimator is then obtained from (5 :85).

~ = (Z'Z + H'H)-l Z'Q; (5 :86)
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If the model (5:16) and the homogeneous condition (5:21) are substituted into

(5 :86) it is easily shown that .;' is a conditionai unbiased estimate. The condition

is the set of constraints.

If the moment matrix E(EE') takes the simple form 0
2 I, where 0

2 is a constan

it follows from the Gauss-Markov theorem (see for instance Malinvaud [1966],

p. 151) that T is the best linear conditionai unbiased estimate . The variance

covariance matrix of T is as follows (for proof see Plackett [1960], p. 43 or Sebe

[1966], p. 18).

(5 :87)

Without specifying the specific features of the model it is of course difficult

to discuss the realism of this simple moment matrix. In the previous chapter it

was shown that the individual salary variability increased by age. In the fol1owin

other variables will be used in addition to age which will tend to create more

homogeneous subgroups of employees. The heteroscedasticity previously observe

wouldnow at least partly be explained by these new variables. We may also ob

tain some comfort from the fact that ordinary least squares estimates do not be

come biased, only inefficient, by heteroscedasticity.

The estimation procedure can technically be carried out in two different ways

both of which however give the same result. One method is to solve the s independe

constraints (5:21) for s parameters and to substitute them out of the model.

The result is a reduced linear model with c-s new independent regressors which

are linear forms of the old regressors (Melichar [1965]). The remaining param

eters can be estimated by usual least squares regression techniques. By substitu

tion back into the constraints estimates are obtained for the s redundant param

eters. When a standard regression program is used for estimation, this method

does not automatically provide standard errors of the parameter estimates.

Another drawback of the method is that it may be difficult to formulate and

program substitution routines general enough to cope with modeIs with interac

tions and empty cells. Another method is then to add the constraints to the

model as new observations and apply the ordinary regression - least squares

technique. When the constraints (5 :21) are added to the model (5:16) we obtain

{-5-} ={-~-}T + {-~-1 ; (5 :88)

and it follows immediately that the ordinary least squares estimator applied to

(5:88) is nothing but the estimator (5:86).
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5.1.3.2 Transformations from one set of estimates to another

It was previausly mentioned that the desired standardization of parameters and

estimates may change from one application to another. This raises the ques

tian whether it is possible to transform the estimates (and the parameters)

from one standardization to another in order to avoid a complete re-estimation.

As a matter of fact there is a transformation matrix T such that

(5 :89)

where 71 and 72 are two solutions of the normal equations (5:83)

(5 :90)

(5 :91)

and Hl and H2 are two matrices which both fulfil the conditions i) and ii) on

page 141. The transformation matrix is obviously

(5 :92)

Although T gives the transformation from one set of estimates to another, it

does not in general offer any great computational advantage as the inverse of

(Z'Z + H;H2 ) has to be calculated.

There may be an alternative approach based on the formulation of the gen

eral solution of the normal equations suggested in Lundquist [1970]*

[(
Z' Z )-1 Z' Q (Z' Z )-1 Z' Z }

7 = nr nr nr - nr nr nr n(c-r): ;
(5 :93)

where Znr is an n x r matrix of r linear1y independent column vectors of Z,

Zn(c-r) is an n x (c-r) matrix of the remaining columns and k an arbitrary

vector with (c-r) elements. The device is to choose k in such away that the

desired standardization is obtained. The only problem is that one has to know

what k to choose in order to obtain a particular standardization. Although it

is an interesting problem it is not necessary to pursue it in this study, and it

is left for afuture analysis.

* I am indebted to S. Lundquist who pointed out this possibility to me.
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5.1.3.3 Estimation with many regressors

To make the exposition easy the two-factor model has frequently been used

as an illustration, but in practical work models with several factors are used.

The number of dummy variables then easily increases beyond the limits set by

ordinary standard programs and by core storages. This is in particular true for

models with interactions. How serious this problem is depends of course on

the computer equipment available. With modern computers it is not primarily

a technical or a systems problem, but more an economic one.* At the time

when most of the empirical work reported in section 5.2 was done, it was

serious enough. However, the rapid development of computer techniques has

probably made this problem of less in1mediate interest today, but it is not com

pletely without interest. Everybody has not access to a large-scale computer

and even so the desire 'to build large models may make the computations un

manageable. Three different approaches to the problem will therefore be dis

cussed in the following, not only for historical reasons. None of these alter

natives really solves the problem, but offers second best solutions.

a) The set of observations is partitioned into two or more subsets and the

model is estimated for each subset. The partitioning is done by one of the

factors. For instance, to reduce the number of dummy variables for the job

factor, employees engaged in production work may be analysed separately from

those who hold positions in marketing divisions. Sometimes there is a close

correlation between two factors which can be utilized to reduce the number of

dummy variables even further. Some educational qualifications may for instancl

predestinate for certain jobs and a partitioning by education will then at the

same time imply a partitioning by job.

Suppose now that the model (5 :88) can be partitioned in the following way

(5 :94)

As this model is assumed to have too many dummy variables to fit into the

available computer the following two support models are estimated

* An interesting approach is suggested in Andrews, Morgan and Sonquist [1969], where
the normal equations are solved by a simple iterative procedure. The data program (MCA)
developed also contains same new measures of the »importance» of a factor which could be
used as alternatives to the »factor ranges» used in this study (section 5.2). According to th(
authors: »MCA's major advantage is in taking the data the way they usually come, and prin
ing out the results one is most likely to want to present and in a convenient way.» (p.128)
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(5 :95)

(5 :96)

In appendix C it is shown that if H 1l =H2l =Hl ; H12 = H2 and H 23 = H 3

the least squares estimate (LSE) of an element of Tl is a weighted sum of the

elements of the LSE of 711 and 721,

(5 :97)

and that the LSE of ~ (73) equals the LSE of 712 (723) plus a weighted sum

of the LSE of 7}1 and 721,

k}
~2J = f12 J + k:I (wiIk TlIk + w2Ik~2Ik); J= I ,... ,k 2

where the weights w' w"*, and w":* have the properties

(5 :98)

(5 :99)

W~* + -* - O·lIk w21k - ,

J= l , ... ,k}

k=l, ... ,k 1

k=l, ... ,k 1

(5:100)

(5:101)

(5:102)

(5:103)

(For a detailed explanation of the notation see appendix C.)

The same result was obtained in Klevmarken [1968b] for the special case

HI = H11 = H21 = O, an example of which is when [-i;71 is a vector with

all elements equal to unity and 7} is the common intercept.
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From (5 :97) - (5: 103) it fol1ows that if

(5:104)

(5:105)

and

and

(5:106)

(5:107)

The assumption that the estimates of the parameters common to the two

support models are equal is rarely fulfil1ed in practice. The result (5: 105) -

- (5: 107) may, however, indicate that in the case of small differences between

Tll and 721 , 712 and ~ 3 are rather good estimates of T2 and T3 respectively.

This interpretation should, however, be done with some caution, because al

though the weights add up to zero they do not individually have to be small,

and even a small divergence from equality may give a large contribution to the

estimate of T..
l

The estimates 71 , ~2 and ~ are least squares estimates of Tl, T2 and T3 re·

spectively and under the usual assumptions about the stochastic error term they

are best linear unbiased estimates and so "are then the estimates obtained by

(5:97), (5:98) and (5:99).

711 and ~21 are in general not even unbiased estimates of Tl nor are ~1 2 and

723 unbiased estimates of T2 and T3' Suppose the constraints satisfy the con

ditions i) and ii) on page 141. The estimates 911 and -?12 can then be trans

formed to the following form by the use of (5 :94) and the assumption

H11 = H21 = Hl; H12 = H2 and H23 = H3 0

Taking expectation of both sides reveals the bias component

(5:109)
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The bias vanishes in two special cases, namely when H3 T3 = O or when the

columns of H3 are orthogonal to the columns of Hl and H2 . Similar results

can easily be obtained for 721 and ~3' They are unbiased if H2 T2 =O or if

H2 is orthaganal to Hl and H3 • These conditions mayor may not be satis

fied. For instance, the first of the four sets of constraints considered previously

satisfies both conditions, \vhile the last three do not. In an additive model,

partitioned such that the elements of T2 and T3 belong to the same factor and

no element of T1 belongs to it, the first set satisfies H; H2 = 0, H; H3 =°and

H; H3 = 0, while the last three do not satisfy H; H3 = O.

b) A second alternative is to omit one factor (or interaction), estimate the

truncated model, retrieve the factor and omit another, estimate the new truncated

model, and so forth until all factors have been estimated at least once. This al

ternative differs from the previous one by the omission of all regressors of a

factor (interaction). The effect of dropping one or more variables from a re

gression is disentagled in ordinary regression analysis (see for instance Malinvaud

[1966]). The estimates obtained from the truncated model are the same as those

which would have been obtained from the complete model, except for the com

mon intercept, if the omitted and non-omitted regressors are uncorrelated.

In our case the model can be partitioned in the following way

(5:110)

l
L

where i is a vector of unit elements, Z 1 an n x p matrix of all regressors belong

ing to one or more factors (interactions) and Z2 an n x q matrix of all regressors

belonging to one or more other factors (interactions). To is the common inter

cept and 71 and T2 are factor (interaction) parameters. After elimination of To

the normal equations to (5: 11 O) can be written as

(5:111)

If H1 and H2 are such that the inverse of the matrices in the diagonal of the

matrix to the right of the equality sign in (5 :111) exists, it is easy to show that

the estimate of T1 is the same whether or not Z2 and H2 are omitted, if

165



(5:112)

i.e. if the columns of Zl are uncorrelated with the columns of Zl. Suppose

that the columns of Zl belong to only one factor and that the same is true

for Zl'* Assume also that subindex r stands for the r-th column of Zl and

t for the t-th column of Zl' As the elements of the matrix Z~ Zl are the

number of observations in each combination of the two factors, nrt , the con·

dition (5 :12) can be rewritten as

r=1, ... ,p. t=1, .. ,q (5:113)

This expression is of course nothing but the traditional formulation of the

orthogonality condition in analyses of variance.

The conclusion drawn for practical work is obviously that it is only factors

(interactions) with regressors that may be expected at least approximately to

be uncorrelated with regressors of other factors and interactions which should

be omitted. With reference to the empirical analyses in section 5.2 where ef

fects due to age, job, east of living area, industry and education are investigated,

the possibility of omitting, for instance, the age factor is less likely than that

of omitting the factors east of living area and industry, because age is probably

higWy correlated with job level, while there is no immediate reason to expect

a strong correlation between east of living area, industry and other factors.

c) A third alternative is to use a priori information to constrain the pa

rameters more than is formally necessary and thereby reduce the number of

parameters. It is of course always desirable to use any a priori information to

increase the precision of the estimates, but in this case when same measure is

necessary to reduce the number of parameters one may be more willing than

otherwise to use more uncertain information and qualified guesses.

In the empirical section below this. method has been applied to reduce the

number of interaction parameters. When for instance age interacts with another

factor the effects due to adjacent age intervals are two by two assumed to be

the same.

* For the second and third sets of constraints previously considered it is then true that

i'Zl = Hl and i'Z2 = H2 ;

which gives the following alternative formulation of condition (5 :112)

, H~Hl
Z l Z2 = -n-
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i = 1 ,3 ,...". j = 1 ,2 ,3 , ... (5:114)

'Y" is the interaction effect due to age interval i and for instance job j.
lJ

The job nomenclature used permits a classification both by job level and

job family. In some models the interaction between job and other factors, for

instance age, is reduced to an interaction between job level and age and an inter

action between job family and age.

'Y- k- =eik + "'iJ' ;1, J
(5:115)

8
ik

is the interaction effect due to the i-th age interval and the k-th job level

and A.. is the effect due to the i -th age interval and the j -th job family.
lJ

All three methods have been used in the empirical analysis. The first method

is applied when data are, divided into subsets of job families and each subset is

analysed separately. As the estimates of the effects common to all job families,

Le. age, education, cost of living area and industry effects, turn out to be ap

proximately equal, the results may be interpreted as if they were obtained from

a simultaneous study of all job families. The second method of omitting one

or more factors is in same analyses applied to the factors cost of living area

and industry, and the third method is used to reduce the number of interaction

par~meters as described above. In all these cases one has of course to accept

approximations. There is no general rule as to how large approximations are

acceptable. This has to be decided from case to case. The results in section

5.2 and in appendix A show what approximations are accepted in this study.

The large-scale computatians required for this kind of study sometimes give

results of poor numerical 'accuracy which may become a real problem. All com

putations for the analysis in chapter 5 were made in double precision. To check

the accuracy of the inverse matrix (Z'Z + H'H)-l the norm of the matrix

Le.

E =(Z'Z + H'H)-l (Z'Z + H'H) - I;

IlE II == LLE? .
i j lJ

(5:116)

(5 :117)

was calculated as a measure of reliability. The result obtained was usua11y less

than 10-20 . (For more details about the program used see Cedheim & Klev

marken [1969].)
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5.2 MODELS AND RESULTS

The results obtained when the models proposed in the previous sectian are

applied to individual salary statistics from the Swedish Employers' Confedera

tion (SAF) are described in this section. Because of limited computer capacity

it was not possible to apply models with all possible factors and interactions

on large data sets. Instead, different variants of the general linear model were

applied to different subsets of data. The multiplicity of models and data sets

is also explained by the application of more than one set of constraints. as weU

as by an attempt to use small models and data sets, when this was possible, to

economize on camputing expenses. In this section mostly summary measures

are presented, while details of models and results are reproduced in appendix A

for the most important modeis. The reader is referred to Klevrnarken [1968a]

for a complete report on the resul ts for 1964 and previous years.

Cross sectian data have been used from the years 1957,1960,1961,1963,

1964 and 1968 but there is no pooling of data between years. When changes in

the salary structure were investigated the same model was estimated once for

each year.

To investigate whether the salary structure differs between those who leave

one employer and go to another and those who remain with the same employer,

the data from 1960, 1961, 1963 and 1964 have been divided into the three

subsets »Leavers», »Pairs» and »Beginners» which have previously been described

in chapters 2 and 3.

The factors used to analyse the salary structure are age, east of living area,

education, job and industry. Others have also used for instance geographic

area, plant size, race and religion. The last two factors are hardly relevant in

Sweden, the flrst two may be relevant but they are not recorded and therefore

it is not possible to investigate their effects. The analysis is restricted to male

employees. The females are rather few, in particular when only employees

with academic or professionai high school training are considered . A more

detailed survey of variables and definitions has already been given in chapter 2.

The exact variable setting of the most important models as well as the es

timates are apparent from appendix A and from Klevmarken [1968a, part II].

The numbering system used in Klevmarken [1968a] is retained here. Each

model is given a Roman number with possible variants named a, b, c and so

forth. The data set used in a particular application of a model is indicated by

B, P, L or H* for »Beginners». »Pairs», »Leavers» and the Whole set respectively

and the last two digits of the year. If necessary the constraints used are denoted

* In Klevmarken [1968a] the following notation is used instead: B, M, S, H for Beginners
(börJat), Pairs (makar), Leavers (slutat) and the Whole set (hela).
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by the corresponding number. For instance, the identiflcation IJ:P64, 4 stands

for model II ~pp1ied to data set »Pairs» 196,4 with constraint No. 4. Only a

brief survey of the models used is given below.

Model I includes all flve' factors mentioned above. Three educational qualifi

cations are represented, namely degree in engineering, certiflcate in engineering I

and certificate in engineering II. The most numerous technical jobs families are

included. All industries are included. The model is additive.. It is applied to

Leavers 1963, Pairs 1963 and 1964 and to Beginners 1964 in order to evaluate

differences between Leavers, Pairs and Beginners.

Models IIa- IIb are also additive and Ila only differs from model I by including

employees with a degree in science and employees with »0the r» university train

ing. This model is a main instrument for the analysis of the salary structure in

the technical job families. It is applied to data from 1957, 1960, 1964 and

1968. For the last year some modifications of the variable set up were necessary

because of a change in job nomenclature (see appendix A). Ilb only differs from

Ila because the job factor is omitted.

The models Illa - IlIe are all modifications of model II. Illa is the same as II

except for cost of living area and industry which are omitted. By comparing

II and Illa it is possible to analyse the effect of this truncation of model II. To

be able to introduce interactions, given a limited camputer space, the technical

job families are analysed in two halves. Model Illb includes employees engaged

directly in production while modelllic includes jobs in research and development.

Both models are built up of the three factors age .. education and job and involve

all two-factor interactions. Illb only includes the three educational qualifica

tians in engineering, while IlIe also includes degree in science and other university

degrees. All three models are applied to Pairs 1964.

Model IV is the base for the models Va - Ve, Via - Vlj and VII which are all

used in a preliminary evaluation of main effeets, interaetions and the eonsequences

of omitting factors. Model IV includes all five factors but the job factor is lim

ited to a few commercial jobs and only six industries are included. There are

flve educational groups, the three groups of engineers and the two economic ones.

The model is additive and is applied to Pairs 1964.

Models Va - Ve are the same as IV except for one omitted factor. In Va age

is omitted, in Vb cost of living area, and so forth.
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The models VIa - Vlj possess the same main effects as model IV but one two

factor interaction has been added to each medel. Model Via thus includes the

interaction age x cost of living area, model Vlb age x education and so forth.

Model VII also possesses the same main effects as IV but it also incorporates

at the same time all two-factor interactions except those with industry.

The models VIlla - VIIIg are the main instruments used for the analysis of

the salary structure in the commercial, economic and administrative job families.

VIlla is additive and includes all five factors. The educational factor includes

the three groups of engineers and the two groups of economists. Vlllb does

not include cost of living area and industry, otherwise it does not deviate from

model Villa. Vlllg is the same as VIlla, except for the job factor which is omitted.

Following the procedure used for the models II and III, the commercial, economic

and administrative job families are also analysed in two halves. Illc covers the com

merciai jobs while IIId covers the economic and administrative jobs. Both

models are additive, but in VIlIe and VlIlf all two-way interactions are added

to the same main effects as in Vlllc and VIIId, respectively. VIlla is applied

to Pairs 1960 and 1964 and to all 1968, while Vlllb - Vlllf are applied only

to Pairs 1964.

Model IX includes all employees with any of the recorded educational qualifi

cations. All jobs are included, but job family and job level are treated as two

separate factors. Besides job and education the model also includes age, cost

of living area and industry. This model gives a survey of the whole salary struc

ture. It is estimated for 1968.

The estimation has been done with a least squares regression program described

in Cedheim & Klevmarken [1969].

The analysis of the salary structure which fol1ows starts with a few comments

on the possibility of measuring salary differences in SW.kr. rather than in relative

terms and with some remarks on the stochastic properties of the modeis. In the

next section there is an empirical evaluation of the effects of using different sets

of constraints and then fol1ows an analysis of the main effects. Possible inter

actions are also investigated. Main effects and interactions are ranked as to dif

ferentiating power. Some less important factors and interactions are omitted

in the more detailed analysis of the salary structure in technically oriented jobs

and in jobs oriented towards administration, finance and marketing. In the two
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tinal sections the differences between Pairs, Leavers and Beginners are first

analysed and then changes in the salary structure from 1957 to 1968.

5.2.1 Nominal or relative salary differences. Stochastic properties

In chapter 4 the individual salary was made up of an initial salary to which

percentage increases were added. This was carried over to this chapter and

resulted in models where the logarithmic salary is explained by a number of

dummy variables. Salary differences are then measured in relative terms. I t

is, however, not selfevident that a relative comparison is the proper one. Alter

natively salaries could be compared nominally in crowns. Technically this would

imply that the nominal salary, not its logarithm, is the dependent variable in

our models . This alternative has been tried for instance by Hill [1959] and

Holm [1970], and compared to a multiplicative model. Both Hill and Holm

flnd that the two models give about the same fit, the multiplicative model

possibly adjusts a little closer to the data, but the difference is not large enough

to diseriminate between the two alternatives. The same result is obtained in

the present study (see Klevmarken [1968a]). Hill chooses the multiplicative

model after a study of the residuals and the income distribution generated by

the model. He shows that the multiplicative model generates an income distri

bution which resembles the actual distribution better than the nominal model.

Both models generate distributions which display leptokurtosis in comparison

with a corresponding normal distribution, but the multiplicative one less so.

Hill shows that the leptokurtosis can be explained by the heteroscedasticity

of the residuais. The residual variance of both models increases by income

level, but this increase is very much stronger ,in the nominal model than in the

multiplicative one.

A priori arguments in favour of the multiplicative model can be obtained

from our knowledge about salary setting. Negotiations usually result in per

centage increases. Demands for compensation are usually phrased in relative

rather than nominal terms. In particular among salaried employees relative com

parisons seem to be the habit. The same tendency is not so pronounced among

workers. They very often negotiate, for instance, about additional numbers of

'öre' per hour..As a result we would expect the nominal model to be more

successful when applied to wages than to salaries. In the sequel our intention

to use multiplicative models will be followed.

It has been shown in chapter 4 that the individual variability increases by

age. As income also increases by age we can make the same observation as Hill,

that the variability increases by income. We have previously offered an explana

tion for this heteroscedasticity, namely that everybody does not obtain promo-
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motion, at least not at the same rate. If now the job factor is brought into

the analysis, to explain salary differences, more homogeneous groups are ob

tained and the heteroscedasticity is reduced. Besides, the heteroscedasticity

should be less of a problem in this study than in Hill's because he includes

both wage earners and salary earners, while this study only embraces salary

earners. There are also better possibilities of dividing the data into more

narrowly defined groups than in Hill's study.

As mentioned, Hill's distribution of residual incomes (Hill [1959]. table VI)

is not normal, but he shows that the leptokurtic deviation from normality does

not reject the possibility that the residual is normally distributed in each factor

combination but with a varying variance, Le. the heteroscedasticity produces

the leptokurtosis in the combined distribution of residuais. Hill [1959, p.378]

finds »that the separate distribution of logarithmic residuals for salary earners

is closer to normality than is the overall distribution, but that for wage earners

is not noticeably more normal than the joint distribution.» He also states:

»1 t is probable that a more detailed occupational breakdown would produce

distributions more closely normally distributed since there is evidently some

further heteroscedasticity within the ranks of both salaried workers and wage

earners.»

5.2.2 The choice of constraints. An empirical investigation

In section 5.1 it was shown that comparisons of effects were not in general

independent of the constraints. One exception was pointed out. When the

model is additive and for any of the sets of constraints 1, 2 and 4, the differ

ence between two effects of a factor is the same for each set of constraints.

It then fol1ows that the difference between one effect defined by one set of

constraints and the same effect defined by another set of constraints is the same

for all effects of the factor. Three different modeis, all additive, have been es

timated under the constraints 2 and 4. The modeIs are named II, IV and Villa.

The factors used are shown in table 5:4. Model II covers employees occupied

in technically oriented jobs while modeIs IV and Villa cover employees in com

merciai jobs. The modeIs II and VIlla are estimated on data from 1960 and

1964, and model IV only from 1964. All data used belong to the category

»Pairs». Table 5:4 gives the differences in the estimates due to different con

straints. For all models, in comparison with system 2, weight system 4 allocates

more to the intercept and to the age factor than to education and job. The es

timates of effects due to cost of living area and industry remain relatively un

changed. The estimated standard errors are less sensitive to a change in con

straints than the parameter estimates. This indicates the possible danger in
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singling out one estimate and following the too common procedure of testing

whether it deviates significantly from zero. For instance, with constraints No.2,

the effect of age interval 30-34 years is estimated in model VIlla at -0.0431

with the standard error 0.0048, but with constraints NO.4 the estimate is

-0.0066 and the standard error 0.0055. With the common relaxed application

of the t-test, the first estimate gives the conclusion that the effect of the age

interval is significantly different from zero, while the second does not give signi

ficance.

To pursue the comparison of the constraints, a model with interactions has

also been estimated. Model Vlh only differs from model IV by the interaction

between education and job. The model is estimated on Pairs from 1964 under

the constraints 2, 3 and 4. The three sets of constraints give the same result for

those factors which do not interact. The differences between the three estimates

of the same age effect vary from age class to age class and similarly for the job

effects. However, it is perhaps more interesting to compare the three differences

between two educational qualifications, two jobs and two interactions. In table

5:5 the difference between the largest and smalle~t effect per factor is calculated

Table 5:4. Differences between effects estimated under the constraints 2 and 4

Factor Mode!
II:P60 II:P64 IV:P64 VIIla:P60 Vllla:P64

Intercept -0.009 -0.069 -0.077 -0.054 -0.028
Age -0.046 -0.036 -0.069 -0.038 -0.052
Cost of living area 0.011 0.009 0.000 0.007 0.005
Education 0.033 0.040 0.015 0.027 0.028
Job 0.015 0.060 0.109 0.048 0.042
Industry -0.004 -0.004 0.022 0.010 0.005

Totals 0.000 0.000 0.000 0.000 0.000

Table 5:5. Factor ranges when model Vlh:P64 is estimated under different
constraints

Constraints
Factor

2 3 4

Age 0.4293 0.4293 0.4292
Cost of living area 0.0360 0.0360 0.0360
Education 0.1530 0.1737 0.1770
Job 0.6939 0.6849 0.6801
Iridustry 0.1107 0.1107 0.1106
Education x job 0.1534 0.1472 0.1388
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(factor range). As age, east of living area and industry do not interact the

ranges are the same for all constraints. For education, job and the interaction

education x job they differ, but not by very much. At least for this model

camparisons between effects do not depend very much on the constraints.

5.2.3 Investigation o/ main e/teets

The models used in this study involve a maximum of five factors. The question

examined in this sectian is: Which factors are most important in the differentia

tian of salaries?

The results in table 5:6 are interpreted as an introduction. This table gives

estimates of model IX applied to all men in 1968 with at least a (vocatianal)

high school education. Altogether they amount to 50 120 employees. The

model is additive and the factors used are displayed in the table. The constraints

imposed belong to system NO.2. The estimates of this model give an overall

view of the salary structure in the SAF sector. Later different parts of this

structure will be analysed in more detail, in particular parts defined by different

sets of job families.

The estimated salary of employees in a certain age interval, working in a

particular east of living area, with a particular education and so forth is obtained

by adding the age effect, the effect due to east of living area, the educational

effect and so forth to the general mean and then taking the antilogarithm of the

result. For instance, the estimated salary of a 28-29 years old university grad

uate in engineering working on productian controi at job leve1 4 in an iron and

steel plant situated in east of living area 4 is in logarithmic form

Q = 8.1362 - 0.1081 + 0.0033 + 0.1497 + 0.0338 + 0.1064 + 0.0116 = 8.3329

and the antilogarithm of this number is 4159, Le. the estimated monthly salary

is Sw.kr. 4159. This is not in general an unbiased estimate of the expected

salary for employees with the above mentioned characteristics. Following the

same arguments as in section 4.4 (p. 125~ if the theoretical residual follows a

normal distribution, 4159 is an estimate of the median salary of the employees

belonging to the interval 28-29 years, the cost of living area 4, and so forth.

Suppose now we want to compare this salary with that obtained by those

employees who have the same characteristics except for education, namely high

school certificate in engineering I. Their estimated logarithmic salary is the sum

of the same effects as the salary of those who graduated in engi.neering except

for th~ effect due to education. From table 5:6 the logarithmic difference is

then
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Table 5:6. Estimates of model 1X:H68 (all men with at least high school education in 1968)

General mean (intercept) 8.1362 (0.0006) R = 0.9229

Number of observations 50 120

Age effects eost of living area

-19 -0.5184 (0.0257) 3 -0.0282 (0.0005)
20-21 -0.3929 (0.0089) 4 0.0033 (0.0014)
22-23 -0.3030 (0.0038) 5 0.0648 (0.0012)
24-25 -0.2300 (0.0025)
26-27 -0.1669 (0.0022)
28-29 -0.1081 (0.0022) Education

30-31 -0.0597 (0.0021) University degree in
32-34 -0.0117 (0.0019) engineering 0.1497 (0.0019)
35-39 0.0441 (0.0015) business & economics 0.0488 (0.0046)
40-44 0.0910 (0.0015) science 0.0710 (0.0067)
45-49 0.1134 (0.0017) law or social science 0.0160 (0.0088)
50-59 0.1252 (0.0016) social work -0.1151 (0.0175)
60- 0.0847 (0.0036) other sciences 0.0835 (0.0061)

High school certificate in
engineering I -0.0022 (0.0009)
engineering II -0.0335 (0.0008)
commerce -0.0508 (0.0028)

lob family lob level
O. Administration 0.0651 (0.0044) 2 0.5345 (0.0035)
l. Production controi 3 0.3249 (0.0018)

& supel vision 0.0338 (0.0014) 4 0.1064 (0.0011)
2. Research & development -0.0179 (0.0016) 5 -0.0859 (0.0008)
3. Construction & design -0.0290 (0.0011) 6 -0.2471 (0.0016)
4. Other technical -0.0327 (0.0015) 7 -0.3561 (0.0037)
5. Journalism, library work -0.0743 (0.0104) 8 -0.4015 (0.0181)
6. Education -0.0489 (0.0099)
7. General service & health 0.1613 (0.0138)
8. Commerce 0.0413 (0.0014)
9. Finance & accounting -0.0081 (0.0027)

Industry

Mining 0.0090 (0.0052) Printing and allied
Metal and engineering industry industries 0.0280 (0.0086)

Iron and steel works, metal plants 0.0116 (0.0021) Food manufacturing
Manufacture of hardware 0.0140 (0.0034) industries -0.0117 (0.0045)
Engineering works -0.0130 (0.0010) Beverage and tobacco
Repair works 0.0228 (0.0070) industries 0.0355 (0.0130)

. Shipyards -0.0126 (0.0034) Textile industry 0.0046 (0.0051)
Manufacture of electrical Leather, furs and rubber
equipment -0.0082 (0.0014) industries -0.0095 (0.0005)
Other metal industry -0.0005 (0.0055) Chemical industry 0.0127 (0.0024)

Quarrying: stone, day and glass Building and construction 0.0117 (0.0017)
products 0.0252 (0.0034)

Wood industry 0.0128 (0.0051)
Manufacture of pulp, paper and
paper products 0.0184 (0.0030)
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Qgraduates - ~igh school = 0.1497 + 0.0022 = 0.1519;

i.e. a percentage difference between the two educational qualifications of 16.4 %.

There are several possibilities of measuring the impact of the different factors.

One way is to look at the size of the estimated coefficients, but as has been

pointed out already the magnitude of a particular coefficient is of relatively

small interest while the salary variation due to one factor as compared with

another is more interesting. One easy and natural measure is the range of the

effects. Ranges have been calculated factor by factor for a number of models

and tabulated in table 5:7. It is perfectly legitimate to campare the ranges

factor by factor for each model, but camparisons between modeIs should be

done with great caution as the number of age intervals, jobs and educational

qualifications differ between the modeis. For instance, the relatively small job

range of model IV is explained by the lack of the low-paid job levels 6, 7 and

8 in this model.

The results in the table clearly indicate that the factor producing the greatest

differentiatian is the job factor. The factor ranges in the table can be trans

formed inta percentages. For instance, the average salary in the best paid job

Oob level 2) is approximately 200 % higher than the average salary in the least

paid job Oob level 7) after differences due to other factors have been accounted

for. In this sense we may say that the job factor allows for average salary dif

ferences of 200 %. It is important to note that we campare averages. The in

dividual variability is of course greater.* The estimates of model IX reveal that

job level account for the greater part of the variability due to job while the dif

ferences between job families are not so important. In the same way we find

Table 5:7. Salary ranges by factor

Factor
Model and data

II:P60 II:P64 IV:P64 VIlla:P60 Vllla:P64 IX:H68

Age 0.3513 0.3088 0.3812 0.4039 0.3769 0.6436
Cost of living area 0.0823 0.0674 0.0360 0.0701 0.0525 0.0930
Education 0.1755 0.1750 0.1530 0.1713 0..1699 0.2648
Job 0.9977 0.9201 0.6929 1.0350 1.1022

lob family 0.2356
Job level 0.9360

Industry 0.1016 0.0993 0.1111 0.1270 0.0946 0.0485

* See section 2.2, the principIe of individual salary setting. Individual merits and ability
to fulfil the requirements of a job are not fully accounted for by any of factors used to
analyse the saIary structure.
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Table 5:8. F-ratios by factor

Model Omitted factor
Degrees of freedom

F-ratio F 0.95 *Numerator Denaminator

Va Age 4 3139 248.3 2.38
Vb Cost of living

area 1 3139 29.6 3.85
Vc Education 3 3139 101.1 2.61
Vd Job 3 3139 1349.0 2.61
Ve Industry 4 3139 12.3 2.38

* The theoretical F-values are given wIth 1000 degrees of freedom in the denominator.

that there are average salary differences due to age of 35-50 % among the em

ployees covered by the models II, IV and VIlla and about 90 % when all em

ployees are considered (model IX). The third most important factor is educa

tion which allows for differences of 15-20 % and almost 30 %, respectively.

The differentiating power of the two remaining factors is considerably less,

5-10 %, and the relative importance of these two factors varies from model to

model.

An alternative measure of the importance of a factor is the traditional F

ratio. As an example F-ratios have been calculated from model IV when one

factor, factor by factor, is omitted. The new models are denoted Va, Vb,... ,Ve.

The result is given in table 5 :8. Although the F-ratios are not calculated in

order to test that the effects of each factor are zero, the corresponding theo

retical F-values are still given in the right-hand column of the table as a base

of reference. The same conclusions can be drawn from the F-ratios as from

the ranges. The most important factor is definitely job. Then .follows age and

education and fina11y cost of living area and industry.

Figure 5:3 as well as table 5:6 reveal an age-salary profile of traditional form.

The differences between the cost of living area, as we have seen, are relatively

small. In area 5 the salaries were about 6 % higher in 1968 than in area 4 and

9 % higher than lin area 3.

With the exception of graduates in social work who form a very small group

in Swedish industry, academic training is paid better than high school training,

but the differences are not very large. The highest average salary is obtained by

graduates in engineering. They obtained in 1968 on average 7-13 % more than

those who graduated in other subjects, and 15-20 % more than employees with

a high school certificate. Engineers are in general better paid than economists

and others. All these comparisons are standardized for differences in job attain

ment, and the high salaries of those with academic training who have reached

this level due to quick promotion are not included in the comparisons (see below).
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Figure 5:3. Age-earnings profile of all men with at least high school edllcation (model IX: H68)
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According to the estimates the best paid jobs are in general service and health.

This result is due to a relatively small number of well paid physicians. Disregard

ing this job family, jobs in administration, production and commerce are on aver

age better paid than jobs in research and development, construction, journalism,

education and finance and accounting. The differences range from about 15 %,
but between the big job families they are smaller . For instance, production work

is on average ~aid 5 % more than research and development, and commerce also

5 % more than finance and accounting.

The job level attained by an employee who recently graduated from university

is usually levelS, while those who come from a vocational high school training

(in particular engineers) usually obtain level 6, and less qualified emp10yees like

typists, office clerks and card punchers obtain 7 and 8. The average salaryat

the top leve1 2 (the level below the management leve!) is 85 % higher than at

leveiS, the difference between levels 5 and 6 is 17 % and that between levels

6 and 8, 16 %. It will also be seen from figure 5:4 that the differences are

smal1er at the beginning of the career than in the middle and at the end.

The estimated differences between industries are small, on1y a few percentage

units, but the standard errors are high enough to make all comparisons very un

certain.

Although the F-ratios in table 5:8 reveal a marked difference between cost of

living area and industry on the one hand and age, education and job on the

other, they are all significant in the sense that the calculated F-ratios are higher

than the theoretical ones. We have a1so found that, for instance, the effects due

to cost of living area are small but they are all significant, Le. the estimates cleviates

from zero by more than twice their standard errors. However, this is partIy
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Figure 5 :4.. lob level-earnings profile of all men with at least
high school education
(Inadel IX:H68)
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due to a large number of observations in each area. If they were all broken

down inta a number of smaller areas, same or all effects would probably be

come insignificant. Analogausly , if insignificant effects are obtained and the

sample size is then increased if possible, all effects will sooner or later become

significant. The significance of the effects (factors) is thus of lesser importance

then the very estimates of effect differences. This is of course not to say that

the standard errors of the estimates are unimportant, on the contrary they give

highly relevant information about the uncertainty of the estimates, but it is

sug~ested that a test of no effect is not very meaningful. More interesting is

it to estimate the magnitude of the effect.

In order to simplify the mode1s to those factors most relevant to an explana

tion of sa1ary differences and to avoid exceeding the memory capacity of the

camputer when interactions are added to the mode1s, it is desirab1e to omit
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one or two factors. eost of living area and industry have been found to have

very rnuch less differentiating power than the three other factors. It is there

fore nafural to omit these two variables, but before doing so an investigation

should be made as to the effect this truncation of the models will have on the

estimates of the age, education and job effects. If the regressors belonging to

cost of living area and industry are orthogonal to aH other regressors, then the

truncation does not change the estimates (see section 5.1). Although the age

distribution, the distribution of educational qualifications and jobs do not differ

very much from one cost of living area to another and from one industry to an

other, there are certainly differences (see chapter 3). Instead of investigating

the intereorrelations between regressors it is empirically more convenient to

measure the result of omitting one factor directly in the estimates of the re

maining effects. This will be done below, first with model IV and then with

II and Villa. To begin with only one factor is omitted. Table 5:9 shows the

differences between the estimates of model IV:P64 and the estimates of the

models Va - Ve:P64. As before model Va is the same as model IV except that

the age factor is omitted. In model Vb cost of living area is omitted, and so

forth. Omitting cost of living area or industry hardly changes the estimates of

the age, education and job effects at all. No change exceeds one per cent. The

change obtained when both cost of living area and industry are omitted from

model IV is not investigated but will be when they are omitted from models II

and Villa. The truncated modeIs are cal1ed Illa and VllIb respectively. Table

5: 10 shows the differences between the estimates of II and Illa. Dropping both

cost of living area and industry does not produce changes in the estimates for

age and education worthy of consideration, but some of the job estimates

change more than should be acceptable. The table reveals that there are some

relatively high negative differences for production and supervision jobs (110,

120, 130). A possible explanation is that industries paying relatively high sal

aries also have a large. proportion employed in these jobs. The industry effects

are then picked up by the job effects. The industry estimates of model II :P64

show that employers, particularly in Building and construction, pay more than

other employers but also Iron and steel works; Metal plants; Quarrying: stone,

clay and glass industries;Repair works; Pulp and paper industry and Mining pay

salaries a little above average. As has been pointed out already the differences

are small and the standard errors relatively high. From chapter 3 we know that

there are many engineers in Building and construction employed in jobs be

longing to the families 120 and 130.

The comparison between models Villa and Vlllb reveals the same insensitivity

to the ornitted factors as before (see Klevmarken [1968a] p.43) and although

this result formally only applies to the particular models investigated, it can

probably be extended to the whole SAF sector .
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Omitting other factors than cost of living area and industry may teach us

more about the interrelations between the factors. In particular it may be

interesting to omit tbe job factor because education mare or less predestinates

to certain jobs, not only to job families but also to job leveis. In chapter 3

it was demonstrated that empl?yees with academic training were in general em

ployed at higher job levels than employees with less training and engineers are

generally found at higher levels than employees with training in business and

commerce. In chapter 4 age-earnings profiles were studied. The age dependent

salary increments estimated to generate these profiles can at least partly be ex

plained by promotion from one job leve1 to another and the differences observed

between the educational qualifications can possibly be explained by differences

in promotion.

Table 5:9 shows that omitting any of the factors age, education or job has

a considerable effect on the other two factors. The last-but-one column of the

table shows that the effects of the omitted job factor are first picked up by the

age factor but also by education. The age differences increase because the high

salaries at the top leveis, usually obtained by middle aged and old employees,

are now partly measured as an effect of age and similarly for the low salaries

obtained by younger employees at low job leveis. The job effect also spills

over to the educational effects. The effects due to university training in en

gineering and in business & economics increase while the effects due to high

school training in engineering decrease. The explanation is of course that grad

uates fill most of the top level jobs while non-graduates are more frequent at

the low leveis. For the same reason the omitted educational effects in the third

column show up as an increased differentiation due to job. As shown in chapter

3 the relative frequency of graduates is relatively high in the age interval 23-35

years while in particular non-graduate engineers II are frequently middle-aged.

This explains the slightly higher age effects in the intervals 26-29 and 30-34

years when education is omitted, and the higher educational effect due to en

gineering II and the lower effects due to university training in engineering or

business & economics.

In figure 5:5 age-earnings profiles have been plotted based on estimates of

model II for 1968. The solid curve is the profile obtained when the model in

cludes the job factor, while the broken curve is the profile obtained without it.

The steeper broken profile shows how much promotion means as regards salary

differences between young and old employees. The difference between the

curves can be taken as a measure of the effect of promotion. The solid curve

would then indicate salary differences due to age regardless of promotion.

Figure 5:6 shows the same two profiles for the commercially oriented jobs of

model VIlla for 1968. Although the two models cover entirely different job

families and partly different educational qualifications the similarity between

the profiles in figures 5:5 and 5:6 is remarkable.
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Table 5:9. Dzfferences between the estimates of model IV and the
models Va - Ve; Pairs in 1964 *

Models/Factors omitted

Factor-effect IV-Va IV-Vb IV-Ve IV-Vd IV-Ve

Age Cost of Education lob Industryliving area

Intercept -0.0001 -0.0001 -0.0001 -0.0001 -0.0001

Age
-25 -0.0002 0.0001 0.1801 -0.0035

26-29 -0.0001 -0.0118 0.1584 0.0000
30-34 0.0016 -0.0107 0.0987 -0.0009
35-44 -0.0004 0.0034 -0.0180 -0.0001
45-59 -0.0002 0.0080 -0.0972 0.0009
60- -0.0001 -0.0037 -0.1104 0.0011

Cost of living area

3 -0.0015 -0.0022 0.0051 -0.0022
4 0.0065 0.0059 -0.0105 0.0008
5 -0.0010 0.0003 -0.0029 0.0032

Education

Graduate in engineering 0.0147 -0.0003 -0.1312 0.0021
Certificate in engineering I 0.0037 0.0008 0.0262 0.0024
Certificate in engineering II -0.0208 -0.0026 0.0628 0.0005
Gradua te in business

& economics 0.0582 0.0020 -0.1742 -0.0060
Certificate in commerce 0.0052 0.0047 -0.0029 -0.0070

lob
8102 -0.0774 0.0015 -0.0451 -0.0004
8103 -0.0557 -0.0018 -0.0247 -0.0024
8104 -0.0226 0.0009 -0.0061 0.0008
8105 0.0523 -0.0002 0.0219 0.0004
9454 0.0183 0.0023 -0.0053 0.0032

Industry

Meta! and engineering
industry 0.0001 -0.0008 -0.0028 0.0020

Quarrying: stone, clay
and glass industries 0.0103 0.0054 0.0131 0.0021

Manufacture of pulp, paper
and paper products -0.0110 0.0030 0.0247 -0.0060

Textile industry -0.0066 0.0094 -0.0079 -0.0264
Chemical industry 0.0143 0.0028 0.0093 -0.0379
Building and construction -0.0147 0.0010 0.0096 0.0247

* Constraints No. 2 have been used.
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TabLe 5:10. Differences between the estimates ofmodelll and model Illa;

Pairs in 1964*

lntercept 0.000

Age

-25

26-29

30-34

35-44

45-59

60-

0.0012

-0.0002

-0.0016

-0.0003

0.0013

0.0006

Education

Degree in engineering

Certificate in engineering I

Certificate in engineering II

Degree in science

Other academic degrees

-0.0051

0.0062

-0.0028

-0.0007

0.0035

lob

lob lob level
family I

2 3 4 5 6 7

110 -0.0074 -0.0121 -0.0055 -0.0112

120 -0.0752 -0.0701

130 -0.0105 -0.0733 -0.0719

200 0.0279 0.0267 0.0232 0.0095 -0.0246

210 0.0085 0.0068 0.0061 0.0073 0.0031 -0.0109

310 0.0124 0.0097 0.0094 0.0084 0.0116 -0.0017

400 0.0110 0.0055 0.0070 0.0096 0.0147

470 0.0053 0.0008 0.0050 0.0084

490 0.0052 0.0053 0.0024 0.0054

* Constraints No. 2 have been used.
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Figure 5:5. Age-salary profiles from model II: H68, with and without
the job factor
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Figure 5 :6. Age-salary profiles from model VIlla: H68, with and without
Age effect the job factor
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These profiles can be used to calculate »increments per year» more or less

comparable with the ')'-values in chapter 4. Disregarding the fact that the pro

files in the two figures are standardized for differences in cost of living area and

industry and that the profiles in chapter 4 were calculated for each education,

the broken profiles are comparable to the cross section profiles in chapter 4.

In table 5:11 the logarithmic salary differences between successive age intervals

have been recalculated to annual changes. If the average increase in initial sal

aries, 0.06 -- 0.07, is added to the numbers obtained when job is omitted, the

result is roughly comparable to the ')'-values in chapter 4. The difference be

tween the columns »lob excluded» and »Job included» indicates how much pro

motion contributes to the annual salary increases, between 1.5 % and 2 % per

year below (approximately) 40 years and almost nothing above. Model II and

model Villa give about the same result. As these calculations have been made

from a cross section and only from one cross section the interpretation given

cannot be accepted without reservations. It has already been proposed in chapter

4 that the promotion activity is most intense during periods of excess demand

for labour. It must also depend on the age distribution of the labour force. To

use one cross section may then give a »non-typicab> result. More serious is per

haps the fact that the profiles are assumed to be the same for graduates and non

graduates. Graduates enter the labour market later than non-graduates and they

probably obtain higher increases due to promotion when they are in their mid

thirties than non-graduates. The result may very well be that we underestimate

the increase due to promotion for both groups.

Table 5:11. Age effeet differences (per year) estimated from models II:H68
and Vllla.H68, with and without the job factor

Logarithmic increase per year

Age interval Model II Model VIlla
Job excluded lob included lob excluded lob included

22.5-27.5

27.5-32.5

32.5-40.0

40.0-52.5

52.5-62.5

0.038 0.023 0.047 0.026

0.039 0.019 0.042 0.023

0.028 0.013 0.027 0.013

0.010 0.004 0.007 0.005

-0.007 -0.003 -0.009 -0.002

185



The changes in the educational effects when the job factor is omitted from

Model II and model VIlla are demonstrated in figure 5:7. In both models the

differences between graduates and non-graduates are increased. In the technical

job families (model II) the effect of graduate engineering is increased by 11 per

centage units and the effect of engineering II decreased by 15 percentage units.

In the commercial and accounting families (model VIlla) the effect due to grad

uate studies in business & economics increases by 14 percentage units which is

more than the 10 percentage units for graduate engineers. In these job families

promotion therefore means more to businessmen and economists than to en

gineers, but the latter are still receiving higher rewards. The effects of engi

neering II and commerce both decrease by 9-10 percentage units. These

numbers then indicate how much promotion means as regards the salary dif

ferentiation between educational qualifications. For instance, a graduate in

business & economics receives on average a salary which is 8 % higher than that

received by a high school commercially trained employee (model VIlla) when

differences in job attainment are accounted for. When there is no standardiza

tion for job differences the graduate obtains on average 35 % more than the

non-graduate. The difference, 27 %, can roughly be interpreted as the effect

of the better promotion a university graduate obtains.

5.2.4 lnvestigation of interactions

In the previous section all models investigated were additive. Now is the time

to introduce interactions and to compare the magnitude of these with the main

effects. First some a priori arguments for the existence of interactions and their

directions.

From other studies we know that labour with an advanced education and

employed at top level jobs shows a higher geographical mobility than do others

(Rundblad [1964], p.l 73). On a local level the supply of jobs which meet their

specialization is limited. They therefore look for employment in a geographicaIly

wider labour market. This kind of labour is usually better informed about em

ployment, salaries, etc. than less educated labour which reduces geographically

salary differences between them because of market imperfections. The experi

enee of Swedish employers shows that they usually have to pay highly qualified

labour at least as much in rural areas as in the big cities. From this we may

infer that salary differences between cost of living areas should be less among

graduates and at high job levels than among non-graduates at low job leveis.

It is also weIl known that young people have a higher mobility, including

geographical mobility , than middle aged and old people (see section 3.4 and
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Figure 5:7. Educationa! effects of the models II and VIlla, with and without the job factors in 1968
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Rundblad [1964], p.162). For the same reason as above we would then expect

a tendency to smaller salary differences between cost of living areas for young

than for old employees.

The estimated profiles in chapter 4 revealed an increased salary difference by

age between educational qualifications in particular between graduates and non

graduates. This result thus shows an interaction between age and education,

but no al10wance was made for differences in job attainment. The introduction

of job level should at least reduce this interaction.

Formal education is generally considered to be less important at high job

leveis, partly because these jobs are often of a rather general managerial nature

and partly because these employees, who are relatively old, have a more or less

obsolete formal education. Salary differences between educational groups may

then be smaller at high job levels than at low leveis. It is also obvious that

formal education is more needed in some job families than in others. For in

stance, some expert scientific and technical knowledge and skill is usually re

quired for research which is not always very competitive in other fields. This

then suggests the presence of interaction between education and job family.

However the salaries paid to these experts naturally depend on the situation in

their rather limited markets which could neutralize the interaction we would

normally expect to find between education and job family.

Interactions with industry are perhaps more difficult to prediet. From

chapter 3 we know that some educational qualifications and some jobs are more

frequent in some industries than in others. This indication of differences in

relative advantage may then also be an indication of possible interactions. The

estimates of the main effects were, however, relatively small and uncertain and

there are no reasons to expect anything else for the interactions, although ex

ceptions may be discovered.

When analysing British income data Hill [1959] used a model with nine oc

cupations, six age groups, four regions, three town sizes and ten industries.

Some of the variables were combined into interactions, namely occupation x age,

occupation x region and occupation x town size. He found that income differ

ences between young and old were greater among those employed in manageriai

and professionai occupations than among manual workers. The difference be

tween the age groups 18-24 years and 55-64 years was 66 % for manageriai

and higher professionai occupations and only 8 % for manual workers. The

interaction between occupation and region was smaller. For instance, the dif·

ference between Midland & Wales and Scotland was 7 % in the manageriai and

professionai occupations and virtually none for shopkeepers and unskilled manual

labour. Although small, this interaction is opposite to what may be expected
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for Sweden. The possible explanation for this result is that it is standardized

for differences in town size. The income differences in the United Kingdom

between conurbations and rural areas are greater for shopkeepers and unskilled

manual workers than for the managerial and professionai occupations, but still

rather small, 6 % and 2 %, respectively . Unfoitunately Hill did not calculate

any standard errors of the estimates which can be used to judge the uncertainty

in these comparisons.

Some results from Holm's study of males and females in Sweden who were

employed full time over the whole year (SOV [1970:34]) may also be of some

interest. His model includes the factors age, education, branch of economy and

region. The only interactions which give some contribution towards the expla

nation of income differences are for males age x education and education x

branch of economy and for females education x region, education x branch of

economy and age x· branch of economy. The difference between the age groups

25-34 years and over 55 years is 7 % for males with secondary school education

with or without vocational training, while for males with a university degree the

difference is 45 %. To make a correct interpretation of this interaction it must

be kept in mind that the model does not include any occupational factor. The

difference between income earners with a 10w and a high education, respectively,

is at least partly due to different occupational mixes. Holm's estimates of the

interaction education x branch of econolny seem to be a little erratic with high

standard errors. For instance in agriculture, forestry , hunting and fishing males

with a degree have 114 % more income than males with high school education

(with or without vocational training), while there appear to be nearly no differ

ences in public service! The different set-up of interactions for females is also

a little puzzling.

In a first attempt to determine how important interactions are for the expla

nation of salary differences in Swedish industry, two-way interactions have been

added one by one to model IV to form the new models VIa - VIj. Model VIa

contains the interaction age x cost of living area, VIb age x education, and so

forth. The differentiating power is measured in the same way as before by

ranges and F-ratios. The ranges have to be used with some caution because

cross classification sometimes reduces the number of observations in each com

binatian to just a few. In this sense same estimates are obtained from a small

number of observations and their estimated standard errors become fairly large.

To prevent too much stochastic variation in the ranges, they have only been

calculated on estimates from at least five observations.
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Table 5: 12 shows the calculated ranges and F-ratios. They do not exactly

tell the same story. The ranges do not differentiate very much between the

interactions. '{he magnitudes indicate that the interactions are of the same

importance as regards the explanation of salary differences as the main effects

education and industry (table 5:7). Cost of living area xiIIdustry, job x in

dustry and age x industry are the interactions with the widest range. The F

ratios are very small compared to the F-ratios of the main effects. Two ratios,

a little higher than the rest, can be distinguished, namely for cost of living

area x industry and age x job. Table 5: 13 shows the estimat~d interactions

of cost of living area x industry and the corresponding number of observations.

Although this is one of the two interactions which contributes most to the

explanation of the salary differences, inspection of the estimates and the cor

responding standard errors reveals that most estimates are very uncertain.

Remembering this we may notice that the estimated salary differences between

cost of living areas 5 and 3 are more than 15 % greater than average in Quarry

ing: stone, clay and glass industries,while in the Textile industry the difference

between areas 4 and 3 is 13 % less than average. In Building and construction

the salaries are 7 % lower than average in area 4 and 5 % higher than average

in area 5.

The weakness of the analysis of modeIs VIa - VIj is that only one interaction

is treated in each model. The estimates of for instance age x job may have

picked up effects from other interactions now left outside the model. To in

vestigate this and in an attempt to obtain less uncertain estimates, model VII

was estimated. This model is obtained from model IV by adding all two-factor

interactions except those with industry. In forming interactions the age groups

are reduced to three, while the six original groups are kept for the main effects.

The adjusted ranges have been calculated for table 5 :14. They are now reduced

to a magnitude even smal1er than before which is of course at least pöItly due

to the reduced number of age groups. Two ranges are a little wider than the

others, education x job and age x job. Inspection of the first group of estimates

reveals that the relatively wide range entirely depends on one estimate from

nine observations only. If the range is recalculated with this estimate omitted

it is reduced to 0.0715. The interaction age x job is illustrated in figure 5:8*

which clearly shows how the salary differences between age groups increase at

high job leveis. A result in close agreement with those obtained by Hill and

Holm.

* lob 9454 is omitted from the figure.
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Table 5:12. Adjusted ranges and F-ratios for interaetions in the models Vla- V/j

Mode1/Interaction
Adjusted

F-ratio
Degrees of freedom

FO•05range in numerator

VIa age x cost of
0.1137 2.00 10 1.84living area

VIb age x edueation 0.1261 0.69 20 1.58

VIe age x job 0.1316 4.11 15 1.68

VId age x industry 0.1687 2.04 25 1.52

VIe eost of living area
x edueation 0.0759 2.35 8 1.95

VIf eost of living area
xjob 0.0876 1.24 8 1.95

VIg eost of living area
0.2179 5.93 9 1.95x industry

VIh edueation x job 0.1534 1.66 16 1.65

VIi edueation x industry 0.1467 1.76 20 1.58

VIj job x industry 0.2066 2~61 18 1.62

Note: The adjusted ranges are only ea1cu!ated on estimates from at least five observa
tions.
The F-ratios are »F to enter» interaetions into model IV and the degrees of free
dom in the denominator are 3139. The theoretical F-values are, however, ob
tained for 1000 degrees of freedom in the denominator.

Table 5:13. /nteraetions eost of living area x industry in model Vg:P64

Estimates of interaetion effeets Number of observations

Industry
Cost of living area

3 4 5 3 4 5
----

Meta! and engineering 0.002 0.004 -0.005 1289 406 855
industry (0.001) (0.003) (0.002)

Quarrying: stone, day -0.042 0.048 0.119 78 23 18
and glass industries (0.010) (0.028) (0.032)

Manufaeture of pulp, -0.007 0.036 -0.022 81 24 12
paper and paper (0.009) (0.027) (0.041)
produets

Textile industry 0.037 -0.099 37 14 O
(0.013) (0.034)

Chemieal industry -0.008 0.056 -0.018 115 26 30
(0.008) (0.026) (0.024)

Building and eonstruetion 0.020 -0.067 0.053 44 55 53
(0.019) (0.016) (0.016 )
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Figure 5:8. Interactions age x job in model VIII:P64
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Figure 5:9 shows that the salary differences between the east of living

areas, in particular between area 5 on the one hand and areas 4 and 3 on the

other, are higher for non-graduates than for graduates. In area 5 non-graduates

are paid about 3 % more than in area 3, while in area 5 graduates are paid about

1 % less than in area 3. This pattern is in accordance with our previous expecta-

tions.

In figure 5:1 O the east of living areas are compared by age. The east of

living area effeets and the interactions are plotted but not the age effects. There

are almost no differenees between the areas among employees older than 44

years but a difference of approximately 6 % between area 5 and areas 3 and 4

for employees younger than 30 years. In this case there are apparently forees

stronger than mobility , as the result is opposite to the predicted result.

All these comparisons are very uncertain and they serve mainly an illustrative

purpose. Beeause of the uncertainty it is of no great interest to pursue the com

parisons. The small contribution of the interactions is also illustrated by the F

ratio in table 5 :15, as eompared to those of the main effects. Model VII is

limited to a relatively small set of data and the results obtained may not be valid

in a more general context. Interactions will therefore be studied also in the two

following sections which are used for a study of the salary structure in technieal

jobs and in commercial, financial and accounting jobs, respectively. The two F

ratios for model VIII in table 5:15 are, however, already an indication on the

relatively small importance of interactions in the job families commerce, finance

and accounting.
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Figure 5:9. Comparison between eost of living areas by edueation
in model VII: P64
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Figure 5:10. Comparison between cost of living areas byage
in model VII: P64
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Table 5:14. Adjusted ranges ofinteractions in model VII

Interaction

Age x east of living area

Age x education

Age x job

Cost of living area
x education

Cost of living area x job

Education x job

Adjusted range

0.0382

0.0504

0.1042

0.0840

0.0648

0.1713

Table 5:15. F-ratios for interactions

Models with
and without
interactions

F-ratio
Degrees of freedom

Numerator Denominator F60. 00 (0.05)

VII/IV

VIlIe/VIlIe

VIllf/Vllld
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2.18

3.15

3.60

50

54

52

3139

5141

2347

1.32

1.32

1.32



5.2.5 The salary structure in some important jobs belonging to the technical,

economic and administrative job famiZies

The reader has now been shown the general magnitudes of main effects and

interactions. This section is devoted to a study in some detail of the salary

differentiation in the most numerous technical, economic and administrative

jobs. The technical job families are analysed separately from the economic and

administrative families and the results are then compared. In order to neutralize

differences in age distribution, distribution by cost of living area, education and

industry, constraints No. 4 are sometimes used.

Model II is an additive model which covers the technical job families, while

model VIlla which is also additive covers the non-technical families. Both

models include the five factors age, cost of living area, education, job and in

dustry . Although the factors are called the same, their composition differs a

little. In addition to the job factors which of course have no effect in common,

the educational set-up also differs. Both modeIs include the three categories

of engineers but model II in addition includes employees who have graduated

in science and employees with other university training, and model VIlla em

ployees with a degree in business & economics and with a certificate in com

merce. The data set used is Pairs from 1964. The salary structure is now

analysed for this year only. An investigation of the permanence of the structure

is postponed to a following section.

A comparison between the two intercepts shows that the general salary level

in the technical job families is very nearly the same as the level in commercial,

economic and administrative work. The two age profiles are drawn in figure

5:11, and the small difference between the two curves reveals somewhat wider

salary differences between younger and middle aged employees in the non-tech..

mcal jobs than in the technical ones. Cost of living area differentiates a little

more in model VIlla than in II (figure 5:12). On average salaries in area 5 are

7 % and 5 %, respectively, higher than in area 3. The salary differences between

the three groups of engineers are roughly the same in technical and non-tech

nical jobs. Universityengineers obtain on average a considerably higher salary

than other academics and non· academics. They obtain about 7 % more than

business economists, 8-9 % more than scientists and other academics and

15-18 % more than non·academics.

The job estimates first of all reveal the great differences between job leveIs

but there are also systematic differences between job families. Figures 5 :14

and 5 :15 illustrate the differences between a few big job families from each

group. Employees engaged directly in production receive a higher reward than

those who are not. Employees in research and development thus earn about
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Figure 5:11. Age-eamings profiles for the technical job families (model II: ·P64,3) and for the families
commerce, finance and accounting (model VIlla: P64,3)
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Figure 5:12. Salary differenees between eost of living areas in teehnieal jobs
(mode! II: P64,3) and in commeree, finanee and aeeounting
(mode! VIII: P64,3)
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Figure 5:13. Sa/ary di[ferences between educational qualifieations in teehnieal jobs
(mode! II:P64,3) and in eommeree, finanee and aceounting
(mode! VIlla :P64,3)
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Figure 5:14. lob effects in technical work
(model II :P64,3)
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Figure 5:15. Job effeets in eommerciai, economic and administrative jobs
(model VIlla; P64,3)
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5 % less than those in production. The difference is even greater at job leveIS.

Those who work on time study and technical rationalization belong to a job

family with a low salary level. On the commercial, economic' and administrative

side there is a similar differentiation. Sales work is paid equally weIl as pro

ductive work on the technical side. At the lower job levels computer work and

card punching are paid even better. Accounting and budget work, other economic

work and general office work are paid less. In particular the difference between

a sales manager and an officer manager is more than 15 %.
Except for Building and construction, the differences between industries are

typically less than 2-3 % in technical jobs. In Building and construction salaries

are 7 % higher than average. Quarrying: stone, clay and glass industries which pay

nearly 2 % more than average are also influenced by the »building bOOJl1). Pulp

and paper industry and Iron and metal works also belong to the industries which

paid somewhat more than average in 1964. Among others Food manufacturing

industries; Printing industry; Textile industry; Engineering works and Shipyards

paid 1-2 % less than average. For Commercial, economic and administrative

jobs also Building and construction and Quarrying: stone, clay and glass industries

paid more than average, but only about 3 % more. Manufacture of electrical

equipment; Other metal industry; Printing industry and Food manufacturing

industries paid about 3 % less than ave~age.

Because of limited computer capacjty.jt was n~t possible to add all possible

two-factor interactions to the additive"'Inodels II and VIlla. To save space cost

of living area and industry were omitt'e~ ,from the models and only the inter

actions between the remaining factors age,., education and job were estimated.

As is already shown in section 5.2.3 the esti~ates of age, education and job

effects hardly change at all when cost of living areal. and industry are left out.

The interpretation of the effects of these two (actors.can safely be done from

the additive modeis. In order to reduce the size pf the ,models further they have

each been divided into two submodeis. Model 111& C?nly includes employees en

gaged directly in production while model Ilie covers research and development.

In a similar way model Vilie covers the commercial jobs, while VlIlf covers ac

counting, administration and general office work. As the jobs now included in

the models Illb and Vilie are on average better paid than the jobs in Illc and

VIIIf, the intercept increases and all job effects decrease in the first two models

while the reallocation goes in the opposite direction in the second two modeis.

The job differences, however, remain the same. The age and educational effects

also undergo minor changes when the models are divided and interactions are

introduced.

The interaction age x education is rather small, but the same pattern is found

in all four modeis. Employees with academic training receive more than average
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for young employees and academics and less than average for old employees

and academics, i.e. salary differences between academics and non-academics

decrease by age. An example from research and development is given in figure

5:16. This interaction is perhaps strongest fC?! economists in accounting, eco

nomic work and office work. The average difference between employees with

a degree in business & economics and those with a certificate in commerce is

estimated at 20 % in the age group le'ss than 30 years but önly at 7 % in the

group over 44 years. This result may seem to be the opposite of what was

found in chapt~r 4 where the differences between educational qualifications

increased by age, but there is no contradiction. The findings in chapter 4 were

o~tained without any standardization for job differences and can be explained

by educational differences in promotion. When these differences are eliminated

it is very likely that the educational differences decrease by age as formal educa

tion becomes more and more obsolete.

The most important interaction is found between age and job level as is

illustrated in figure 5:17 for production supervision and controi and in figure

5:18 for commercial jobs. At low job level the salary differences between

young and old are very much less than at high leveis. For instance, an employee

who has not been promoted from a low level job in production work when he

Figure 5:16. Interaction age x education in research, experimentation
and laboratory work
(model IlIe: P64)
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age x education
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(model IIIb; P64)

Interaction effect
age x jQb level

0.08

Figure 5:18. lnteraction age x job level in commercial jobs
(model VIlIe: P64,1)
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is 45 or over receives on average 11 % less than is normal for his age and job

level (in this example level 7), while an employee younger than 30 years re·

ceives ,5 %more than normal for his' age. From the figures it is also easy to

see that young employees who obtain promotion to level 3 obtain very much

less than normal at this job level, between 12 % and 16 % less.

The estimates of the interaction age x job family are in general very small

and uncertain. The same is true for education x job level, but there it is possible

to find a fairly general pattern. The salary differences between academic and

non-academic educational qualifications are somewhat" smaller at high job levels

than at low leveis, because employees without an academic degree obtain a higher

salary than is normal for this group, which indicates that formal education is of

less importance at top levels than at low and middle leveis. An illustration is

given in figures 5 :19 and 5 :20.

With a few exceptions education x job family mostly gives small and uncertain

estimates. Figure 5 :21 shows the interaction in research and development. A

degree in engineering is rewarded above normal in Mechanical and electrical de

sign and standardization (310) and in Time study and technical rationalization

(400) and below normal in Mathematical and statistical work (200) and in Lab

oratory and experimental work (210). The opposite is true for those who posess

a certificate in engineering I. Scientists receive more than normal in 200 but a

little less in 210. There are no scientists in 310 and 400.

Figure 5:19. Interaction education x job level in commercial jobs
(model VIlie: P64,1)
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Figure 5:20.
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5.2.6 A comparison between Leavers; Pairs and Beginners

The three groups, those who .leave a job with an emplöyer, those who stay with

the same employer and those who take a job with a new employer, have only

been identified indirectly by the m,ethod previously defined (p. 42). Among

those who leave a job two groups may be distinguished, those who retire and

leave the labour market~ and those who look for another job elsewhere. The

first group belongs in general to the age... interval over 60 years, probably with

a median age close to 65 years. With the general shape of the age-earnings pro

file this group should have a somewhat lower salary than the younger Pairs in

the same age interval' who are two-three years younger. The second group is

a mix of quitters and those who are fired. It is believed that quitters form the

majority during the period studied. This average salary is certainly low because

quitters are usually young, but even after a standardization for age (and jöb)

differences they may have a low salary. The explanation appears to be that they

quit just because of the salary being too low. Beginners, those who take a new

job, can also be divided into two groups, namely those who take their first job

and those who have left another job behind. The first subgroup of course con

tains young employees who simply obtain an ordinary initial salary, while the

second group includes a large proportion of employees who switch employers

to get a better job. Is the salary they obtain above or below the average after

standardization for age and job differences? One argument in favour of a re

latively high salary is 'that this is just the reason for switching employers; one

argument in favour of a relatively low salary is that promotion to a new job

level (in this case combined with, a switch of employer) usually does not im

mediately give the average salary of that level, but a salary below average. By

definition Leavers and Beginners are more active (mobile) than Pairs. There are

both those who are at the same time active and productive and those who are

job-hoppers. The former group probably has a higher average salary than the

latter .

The compar~son between Leavers, Pairs and Beginners is carried out with

model I which includes the three categories of engineers employed in technical

jobs. This additive model is applied to data from 1963 and 1964. As the con

straints used differ from group to group it is not meaningful to compare coeffi

cient by coefficient, and contrasts are used instead. A sample of these contrasts,

simple differences, is reproduced in table 5:16. A comparison between the inter

cepts, i.e. between the logarithmic average salaries, shows that those who leave

have on average a salary 12 % lower than those who do not leave, and those who

begin a job with a new employer obtain an average salary which is 27 % 10wer.

In both cases a large proportion of young employees decreases the averages.

207



Table 5: 16. Comparisons between estimates of model I obtained from

Leavers in 1963, Pairs in 1963-1964 and Beginners in 1964

Model I estimated from
Comparison

L63 P63 P64 B64

Intercept 0.1163 0.0854 -0.2440

45-59 years and -25 years 0.3256 0.3253 0.3068 0.3725
45-59 years and 60- years 0.0694 0.0150 0.0283 0.0507

Cost of living areas 5 and 3 0.0630 0.0673 0.0686 0.0855

Degree in engineering and
Certificate in engineering I 0.1092 0.1420 0.1479 0.1179

Degree in engineering and
Certificate in engineering II 0.1475 0.1738 0.1773 0.1466

Proauction manager (1103) and
Production engineer (1105) 0.4066 0.3686 0.3603 0.3889

Laboratory manager (2103) and
Laboratory engineer (2105) 0.4481 0.4269 0.4240 0.4006

Senior design engineer (3103)
a and Design engineer (31 OS) 0.4325 0.3977 0.4022 0.4069

Production engineer (1105) and
0.0722Laboratory engineer (2105) 0.1088 0.1094 0.1198

Production engineer (1105) and
Design engineer (3105) 0.1062 0.1041 0.1168 0.0800

Engineering works and Mining -0.0390 -0.0346 -0.0134 -0.0337
Ditto and Chemical industry -0.0271 -0.0077 -0.0164 0.0004

Ditto and Building and con-
struction -0.0225 -0.0625 -0.0883 -0.0391

Ditto and Textile industry 0.0397 0.0049 -0.0014 -0.0022
Ditto and Leather, furs and

rubber industries 0.0652 0.0322 0.0055 0.0347
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The difference between the intercepts for Pairs 1963 and Pairs 1964 shows that

those who stayed with their employer obtained an average salary increase of 9 %.
The general average salary increase of the three groups tagether is influenced by

retirement, new employment and mobi1ity in general. To investigate how much

mobi1ity increases or decreases the average salary, estimates of the general aver

ages for 1963 and 1964 would be needed. As they are not available, they are

approximated by the weighted average of the intercepts for Leavers and Pairs

1963 and for Pairs and Beginners 1964, respectively. The weights are propor

tional to the number of observations. The result obtained is 7.8374 for 1963

and 7.8958 for 1964, Le. the average salary has increased by approximately 6 %.
With a s1ight simplification we may interpret the difference between 9 % and

6 % as an effect of the increased supply of young labour.

A general result from the comparisons in table 5:16 is that the differences in

salary structure between the three groups are small. The results previously ob

tained from the frequent use of Pairs only can obviously be generalized to hold

with a good approximation for all three data sets. Most of the small differences

observed are difficult to comment on. The greater difference among Beginners

between those who are 45 -59 years and· those who are less than 26 years can

probably be explained by the large proportion of Beginners who take their first

job, but why is the difference between, for instance, a production engineer

(1105) and a design engineer (3105) less among Beginners than among Leavers

and Pairs?

5.2.7 Changes in the salary structure in the period 1957-1968

To investigate what changes there have been in the salary structure between

1957 and 1968, model II has been estimated from the data sets »Whole 1957»,

»Pairs 1960 and 1964» and» Whole 1968», and model VIlla has been estimated

from the same sets except for· »Whole 1957». All major job families are covered

by these two modeis. The same constraints, No. 4, have been used to facilitate

a comparison between years. Unfortunately, however, there are other differ

ences between the data sets which do not make them perfectly comparable.

The years 1957 and 1968 include Leavers, Pairs and Beginners, while 1960 and

1964 only cover Pairs. Considering the results from the previous section and

the fact that Pairs are undoubtedly the most numerous group, this can only

be a minor disadvantage. More serious is the change of job nomenclature in

1965, which makes it impossible to identify exactly corresponding job families

hefore and after the change. The nature of the change has previously been

commented upon in chapter 2. It is considered that this will not invalidate a
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comparison except for the job factor itself, although the comparison naturally

has to be done with some care. Finally, there are two technical errors in the

1957 and 1960 data sets. Mechanical errors on a magnetic tape made it im

possible to read approxim-ately 900 observations in the 1957 set and approx

imately 300 in the 1960 set. This drop-out may explain why there are too

few observations in cost of living area 5 in the first set and no observations on

the job 2105 in the second set. How the lost observations are distributed across

the other factors is unknown.

In addition to these errors there is the natural distribution of individual sal-

aries which makes the estimates and then also the comparisons uncertain. This

should be observed in particular when industries and jobs are compared.

From the differences in intercepts (table 5:18) it is understood that the aver

age salary* in technical job families increased by approximately 100 % from

1957 to 1968. Between 1960 and 1968 the increase was approximately 70 %.
In the commercial, economic and administrative job families the average increase

was almQst as much.

To obtain a general view of the structural changes over the period 1957-1968

it is natural to compare factor ranges (table 5 :17). The salary differences due

to the age decreased until the mid-sixties but have increased again since then.

The differentiation was about the same in 1968 as over the period 1957/1960.

In the technical job families the differences between the cost of living areas

have increased by a few percentage units while this is not so in the commercial,

economie and administrative families. The maximum difference between educa

tional groups has remained almost constant in both groups of families. No major

changes in differentiation by job have been found either, although the conclusion

Table 5:17. Factor ranges from model II and model VIlla in 1957-1968

Model II Model VIlla
Factor

P64H57 P60 P64 H68 P60 H68

Age 0.3728 0.3513 0.3088 0.3606 0.4018 0.3769 0.4057

eost of
living area 0.0597 0.0823 0.0674 0.1039 0.0700 0.0534 0.0650

Education 0.1618 0.1755 0.1749 0.1676 0.1713 0.1699 0.1634

lob 0.9984 0.9977 0.8850 (0.9824) 1.0365 1.0250

Industry 0.0997 0.1016 0.0993 0.0492 0.1270 0.0947 0.0552

* See section 5.1.2.2 for the definition of average salary when constraints No. 4
are used.
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is uncertain because of insufficient comparability. Both modeis, however, in

dicate a decrease in differences between industries of approximately 50 %.
The general conclusion from this rough survey is that no major changes

in the salary structure have taken place. To qualify this concIusion it is, how

ever, desirabIe to go into more details. To this end table 5:18 has been caI

culated where a comparison is made estimate byestimate.

The decrease in differentiation between young and old employees obtained

in 1964 almost vanished by 1968. A comparison between the age-effect estimates

in tables II :P64,3 and II :H68,3 in appendix A inmcates that the increased inequality

in 1968 is at least partly due to a decrease of salaries for the youngest rather than

an increase for the old and middle aged employees which in turn fits very weIl

with the increased supply of young labour from schooIs and universities (see

chapter 3) and what we know of the general labour market conditions for this

type of labour during the end of the sixties.

Although the changes are small, salaries in the technicaI job families increased

more in cost of living area 5 than in areas 4 and 3. The change occurred during

the first and last part of the period.

Between 1957 and 1960 employees with a degree in engineering improved their

relative salary position while in particular those with a degree in science decreased

theirs. The same situation prevailed between 1960 and 1964. In 1968 the situa

tion is changed. The excess supply of engineers has resulted in a decrease in the

relative salary position of engineers, in particular compared to employees with

>>other>> university degrees. For the whole period the result is that the salaries

of employees with a degree in science decreased from 5 % to 1 % above average,

while employees with »other» university degrees experienced an increase from 1 %

to 5 % above average. The relative positions of the engineers were almost the

same in 1957 as in 1968. All these results are valid for the technical job families.

The estimates of model VIlla reveal only very small changes.

The decreased differences between industries observed above hide some major

changes in relative positions. Employees in technical jobs in Mining obtained

6 % more than average in 1957 but just the average in 1968. Those in com·

mercial, economic and administrative jobs experienced a similar decrease from

8 % above average in 1960 to 1 % above average in 1968. Technical jobs in

Building and construction were paid 2 % less than average in 1957, 5 % more

than average in 1960,7 % more than average in 1964 and only 2 % more than

average in 1968.. eommercial, economic and administrative jobs were paid 3 %

less than average in 1960 and 2 % more than average in 1968. In Printing and

allied industries technical jobs were paid about average in 1957 but 4 % below

average in 1968, while commercial, economic and administrative jobs were paid

5 % less than average in 1960 and 3 % above average in 1968. Other changes
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Table 5:18. Differences between years in estimates ofmodel II and model VIlla

Model II Model VIlla

P60-H57 P64-P60 H6B-P64 H6B-H57 P64-P60 H6B-P64 H6B-P60

Intercept 0.185 0.289 0.232 0.706 0.301 0.253 0.554
Age

-25 0.014 0.025 -0.037 0.002 0.019 -0.025 -0.006
26-29 -0.005 0.024 -0.003 0.016 0.010 -0.008 0.002
30-34 0.006 -0.004 0.006 0.008 0.003 -0.003 0.000
35-44 0.004 -0.006 0.009 0.007 0.005 0.003 O.OOB
45-59 -0.007 -0.018 0.015 -0.010 -0.006 0.004 -0.002
60- -0.012 -0.021 0.009 -0.024 -0.032 0.029 -0.003

eost of living area

-0.008 0.010 -0.019 -0.017 0.012 -0.011 0.001
-0.007 -0.005 0.001 -0.011 -0.006 0.010 0.004

0.015 -0.005 0.018 0.028 -0.005 0.001 -0.004

Education

Degree in engineering 0.015 0.006 -0.014 0.007 -0.005 0.001 -0.004
Certificate in engineering I 0.011 -0.008 -0.011 -0.008 -0.004 -0.002 -0.006
Certificate in engineering II 0.001 0.007 -0.007 0.001 0.010 -0.001 0.009
Degree in business & economics 0.005 -0.006 -0.001
Certificate in commerce -0.005 0.008 0.003
Degree in science -0.030 -0.010 -0.001 -0.041
Other academic degrees 0.003 0.004 0.033 0.040

Industry

Mining -0.038 -0.021 -0.006 -0.065 -0.024 -0.040 -0.064
Meta1 and engineering industry

Iron and steel works,
metal plants 0.018 -0.016 -0.017 -0.015 -0.039 -0.015 -0.054
Manufacture of hardware -0.018 -0.010 -0.014 -0.014 0.014 -0.003 0.011
Engineering works 0.014 -0.003 -0.006 0.005 -0.001 -0.009 -0.010
Repair works -0.014 -0.005 -0.004 -0.023 -0.005 0.021 0.016
Shipyards -0.025 -0.006 -0.047 -0.012 -0.059
Manufacture of electrical
equipment -0.031 0.025 -0.002 -0.008 0.010 0.013 0.023
Other metal industry -0.010 0.030 0.008 0.028 -0.010 0.002 -0.008

Quarrying: stone, day and
glass products 0.021 -0.002 -0.002 0.017 0.020 -0.022 -0.002

Wood industry 0.008 0.004 0.000 0.012 0.004 0.038 0.042
Manufacture of pulp, paper and

paper products 0.049 -0.026 -0.002 0.021 -0.019 0.004 -0.015
Printing and allied industries -0.020 -0.011 -0.011 -0.042 0.013 0.063 0.076

Food manufacturing industries 0.012 -0.014 -0.002 -0.004 0.008 0.025 0.033
Beverage and tobacco industries -0.047 0.038 0.026 0.017 0.037 -0.028 0.009
Textile industry -0.026 0.008 0.002 -0.016 -0.013 0.002 -0.011
Leather, furs and rubber industries -0.029 0.004 0.001) -0.019 0.002 -0.016 -0.014
Chemica1 industry 0.032 0.000 -0.002 0.030 -0.005 -0.014 -0.019
Building and construction 0.065 0.026 -0.049 0.042 0.055 -0.009 0.046
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to notice are a decrease in the relative position for Shipyards; Iron and steel

w'orks and metal plants and an increase for Wood industry and the Food

manufacturing industries.

The comparisons for the job factor have to be limited to the period 1957

1964. This is done in Klevmarken [1968a]. Increases and decreases are scat

tered across the job families and the job levels without any very clear pattern.

A few changes may, however, be noted. In production supervision and controi

(110) the differences between the job levels decreased, and a similar decrease

occured in the commercial, economic and administrative jobs except in 810.

Although the more detailed analysis of changes in the salary structure has

revealed that changes do occur, the general impression of a fairly permanent

salary structure still remains. Is this result remarkable or is it only what might

be expected? During the sample period changing profit margins in Swedish

industry have caused a reallocation of labour which is partly reflected in the

changes of composition described in chapter 3. One example is the closing

down of a large part of the Swedish textile industry and the increased activity

in Building and construction. For this reason one may be inclined to believe

that these structural changes would also be reflected in a new salary structure.

There are two important observations to make before one proceeds to a

discussion about the causes underlying the present salary structure. Firstly,

the salary structure is measured by the average salaries of all employees, not

only those who change their job or employer. As the dominant majority of

the employees keep the same employment for more than one or two years the

average salaries cannot but change slowly. Secondly, the salary structure is now

defined by a number of factors such as job and industry. A reallocation of

employees between jobs and industries will not in principle change the salary

structure uniess the average salaries in some factor combinations also change.

One possible explanation of the observed permanence in salary structure

is that there are market forces working towards this structure. For instance,

the well trained group of employees included in this study may because of its

mobility have been able to get compensation for relative salary decreases simply

by moving to branches and jobs with higher salaries. This adjustment mechanism

also implies that the average salary increases in an industry or a job from which

labour moves, because those who stay already have a good salaryand thus have

no incentive to move. If this hypothesis is correct, it would be possible to ob

serve more changes in salary structure for another less mobile group of salary

earners.

Another explanation is that the salary structure is rigid because the bargain

ing system contains so much institu tional restrictions that the salary structure

is maintained almost unchanged. The importance of salary statistics in this
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system and as ameans whereby an individual employer (and employee) adjusts

to the present structure has already been stressed.

It is an interesting task for future research to investigate the relative impor

tance of these two alternative explanations for the observed permanence in the

salary structure. An attempt to explain the lack of changes also implies sug

gestions of potential changes which closely agrees with the ~xtended pro.file

analysis suggested in chapter 4, section 4.3.7.
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APPENDIX A

MODELS AND ESTIMATES

For eaeh mode! and applieation the number of observations are first tabled by

faetors and interaetions. Then follow the ordinary least squares estimates and

inside braekets their respeetive standard errors.

For a survey of the models and an explanation of the notation used see see

tion 5.2. Definitions of variables and a deseriptive aeeount of the data have

been given in ehapter 2.
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TABLE Ila:H57, number of observations

Total number of observations: 15,525

eost of living area~

- 25
26- 29
30- 34
35 - 44
45 - 59
60-

1,167
2,336
3,649
5,480
2,445

488

2 and 3
4
5

11,826
3,416

283

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II
Degree in science
Other degrees

2,470
5,727
7,153

117
58

Job

Level

Family

Supervision of production 314 666 1,184 929
Work supervision, general 194 343
Work supervision, building

and construction work 158 253 123
Mathematical work 7 79 232 228 65
Laboratory work 110 370 582 1,006 308 21
Mechanical and electrical

design engineering 150 484 1,194 2,067 1,444 345
Productivityengineering 30 129 267 578 144
Technical instruction and

technical service 44 151 207 29
Other technical work 60 204 451 375

Mining
Metal and engineering industry

Iron and steel works, metaI plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, clay and glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

362

1,333
576

5,208
56

1,031
1,718

170
426
171
970

O
271

65
552
191

1,001
1,424

Note. Mechanical errors on the magnetic tape made it impossible to read 900 observations.
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TABLE Ila:H57/3

'ntercept 7.5388 (0.0071) R =0.8950

~

- 25
26- 29
30- 34
35- 44
45 - 59
60-

-0.2223
-0.1220
-0.0175

0.0814
0.1505
0.1300

(0.0047)
(0.0034)
(0.0028)
(0.0026)
(0.0034)
(0.0065)

Cost of living area

-0.0286
-0.0024

0.0311

(0.0038)
(0.0040)
(0.0072)

Education

Degree in engineering
Cer!ificate in

engineering I
Certificate in

engineering II

Degree in science
Other degrees

0.0761

-0.0517

-0.0857
0.0507
0.0106

(0.00601

(0.0059)

(0.0060)
(0.0130)
(0.0174)

Job

Level

Family

Supervision of production 0.5422 0.3247 0.1145 -0.0864
(0.0095) (0.0068) (0.0054) (0.0059)

Work supervision / general -0.0106 -0.1321
(0.0120) (O.O096l

Work supervision, building -0.2091 -0.2656 -0.3765
and construction work (0.0128) (0.0109) (0.0149

Mathematical work 0.4851 0.2621 0.0109 -0.1866 -0.3091
(0.0587) (0.0179) (0.0108) (0.0107) (0.0196)

Laboratory work 0.4402 0.2166 -0.0109 -0.2245 -0.3244 -0.456~

(0.0155) (0.0091) (0.0072) (0.0058) (0.0097) (0.0340

Mechanical and electrical 0.4519 0.1979 -0.0238 -0.1904 -0.3152 -0.4478
design engineering (0.0132) (0.0077) (0.0054) (0.0045) (0.0053) (0.0092

Productivity engineering 0.3732 0.1453 -0.0519 -0.2007 -0.3309
(0.0284) (0.0140) (0.0099) (0.0072) (0.0133)

Technical instruction and 0.3234 0.0208 -0.1832 -0.2855
technical service (0.0236) (0.0130) (0.0112) (cf~0290)

Other technical work 0.5348 0.2748 0.0568 -0.1538
(0.0204) (0.0113) (0.0079) (0.0086)

Mining
Metal and engineering industry

I ron and steel works metal plants
Manufacture of hardware
Engineering works
Repair works

Shipyards
Manufacture of electrical equipment
Other metaI industry

Quarrying: 5tone. clay and glass products
Wood industry
Manufacture of pulp. paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather furs and rubber industries
Chemical industry
Building and construction

0.0644 (0.0092)

0.0261 (0.0049)
0.0195 (0.0077)

-0.0258 (0.0117)
0.0317 (0.0055)

-0.0039 (0.0095)
-0.0353 (0.0188)
-0.0011 (0.0069)
-0.0103 (0.0111)
-0.0118 (0.0055)

0.0058 (0.0055)
-0.0209 (0.0068)
-0.0068 (0.0034)

0.0048 (0.0204)
0.0094 (0.0056)

-0.0290 (0.0046)
-0.0170 (0.0117)

Total
Explained
Residual

Sum of sguares

1960.1267
1570.0993
390.0274

d.f.

15/524
65

15,459
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TABLE Ila:P60, number of observations

Total number of observations: 13,824

~

- 25
26- 29
30- 34
35- 44
45- 59
60-

723
1,365
2,373
5,789
3,101

473

Cost of living area

7,942
2,529
3,353

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II
Degree in science
Other degrees

2,771
4,467
6,343

134
109

Family

Supervision of production
Work supervision, general
Work supervision, building

and construction work
Mathematical work
Laboratory work
Mechanical and electrical

design engineering
Productivityengineering
Technical instruction and

technical service
Other technical work

Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufaeture of hardware
Engineering works
Repair works
Shipyards
Manufacture of eleetrical equipment
Other metal industry

Quarrying: stone, elay and glass produels
Wood industry
Manufaeture of pulp, paper and paper products
Printing and allied industries
Food manufaeturing industries
Beverage and tobaeco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construetion

218

Level

300 717 1,326 1,116
222 530

107 419 208
15 96 275 14 9

128 533 898 O 511

146 602 1,646 1,023 297 343
42 140 355 20 2

66 229 337
52 218 494 380

284

1,057
376

3,898
72

609
2,209

140
377
133
764

33
221

93
303
149
875

2,231



Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufacture of hardware
Engineering work s
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, clay and glass products

Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

Sum of sguares d.f.

Total 1555.3711 13,823
Explained 1246.0488 63
Residual 309.3224 13,760

0.0219 (0.0089)

0.0395 (0.0046)
-0.0030 (0.0077)
-0.0160 (0.0022)

0.0132 (0.0178)
0.0092 (0.0062)

-0.0399 (0.0032)
-0.0499 (0.0127)

0.0152 (0.0077)
-0.0064 (0.0130)

0.0327 (0.0055)
-0.0189 (0.0262)
-0.0139 (0.0102)
-0.0583 (0.0156)
-0.0257 (0.0087)
-0.0242 (0.0123)
-0.0019 (0.0053)

0.0432 (0.0041 )
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TABLE I la: P60,3

Intercept 7.7240 (0.0061 ) R =0.8951

~ Cost of living area Education

- 25 -0.2082 (0.0058) -0.0361 (0.0019) Degree in engineering 0.0908 (0.0049)
26 - 29 -0.1268 (0.0040) -0.0100 (0.0024) Certificate in
30- 34 -0.0113 (0.0032) 0.0462 (0.0023) engineering I -0.0403 (0.0048)
35 - 44 0.0856 (0.0027) Certificate in
45 - 59 0.1431 (0.0032) engineering II -0.0847 (0.0049)
60- 0.1176 (0.0061) Degree in science 0.0207 (0.0112)

Other degrees 0.0135 (0.0126)

Job

Level
Family

Supervision of production 0.5453 0.2972 0.0915 -0.0911
(0.0095) (0.0068) (0.0056) (0.0058)

Work supervision , general -0.0206 -0.1579
(0.0109) (0.0080)

Work supervision, building -0.2494 -0.2952 -O.
and construction work (0.0147) (0.0088) (O.

Mathematical work 0.5036 0.2358 0.0268 -0.1814 -0.3657
(0.0380) (0.0157) (0.0099) (0.0393) (0.0490)

Laboratory work 0.4348 0.2100 0.0030 -0.3031 -O.
(0.0139) (0.0079) (0.0064) (0.0081 ) (O.

Mechanical and electrical 0.4448 0.1913 -0.0322 -0.1918 -0.3461 -O.
design engineering (0.0129) (0.0072) (0.0054) (0.0061 ) (0.00961 (O.

Productivityengineering 0.3469 0.1402 -0.0570 -0.1340 -0.3887
(0.0229) (0.0130) (0.0087) (0.0331 ) (0.0700)

Technical instruction and 0.2575 0.0196 -0.1983
technical service (0.0185) (0.0107) (0.0089)

Other technical work 0.4663 0.2544 0.0335 -0.1575
(0.0208) (0.0108) (0.0078) (0.0085)

Mining
Metal and engineering industry

I ron and steel works, metaI plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone. clay and glass products
Woad industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco indusHies
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

Sum of sguares 2L
Total 1555.3711 13,823
Explained 1246.0616 63
Residual 309.3095 13,760

220

0.0265 (0.0089)

0.0441 (0.0052)
0.0016 (0.0078)

-0.0114 (0.0036)
0.0178 (0.0171 )
0.0138 (0.0066)

-0.0353 (0.0043)
-0.0453 (0.0123)

0.0198 (0.0078)
-0.0018 (0.0125)

0.0373 (0.0059)
-0.0143 (0.0249)
-0.0093 (0.0100)
-0.0537 (0,0150)

-0.0210 (0.0086)
-0.0196 (0.0120)

0.0027 (0.0058)
0.0479 (0.0050)



TABLE Ila:P64, number of observations

~

-25

26- 29
30- 34
35-44
45 - 59

60-

1,314
3,159
4,100
8,621
5,753

707

Cost of living area

14,152
4,199
5,303

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II
Degree in science
Other degrees

3,617
8,136

11,530
207
164

Job

Level
Family

4

Supervision of productian 413 1,052 1,603 1,208

Work supervision, general 255 582

Work supervision, building
and construction work 166 456 71

Mathematical work 16 106 372 341 148

Laboratory work 140 601 1,305 1,947 591 93
Mechanical and electrical

design engineering 138 744 2,087 3,156 1,722 309
Productivityengineering 40 190 464 746 242
Technical instruction and

technical service 81 329 472 85
Other technical work 56 267 607 453

Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, clay and glass products
Wood industry

Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

395

1,759
706

7,384
116

1,057
4,424

209
653
223

1,251
90

350
139
409
273

1,498
2,718
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TABLE Ila:P64,1

Intercept 7.9444 (0.0008) R = 0.9121

~ Costof living area Education

- 25 -0.2192 (0.0039) -0.0172 (0.0007) Degree in engineering 0.1368 (0.002~

26 - 29 -0.1392 (0.0024) -0.0054 (0.0019) Certificate in

30 - 34 -0.0512 (0.0019) 0.0502 (0.0017) engineering I -0.0091 (0.001~

35 - 44 0.0439 (0.0012) Certificate in
45 - 59 0.0896 (0.0016) engineering II -0.0382 (O.OOle
60 - 0.0607 (0.0049) Degree in science 0.0508 (O.009E

Other degrees 0.0575 (O.OlOi

Job

Level
Family

Supervision of production 0.5507 0.3495 0.1571 -0.0109
(0.0066) (0.0041) (0.0032) (0.0037)

Work supervision, general 0.0563 -0.0968
(0.0085) (0.0059)

Work supervision, building -0.1638 -0.2584
and construction work (0.0102) (0.0067)

Mathematical work 0.4969 0.3320 0.1012 -0.1016 -0.2768
(0.0327) (0.0128) (0,0070) (0,0071) (0.0109)

Laboratory work 0.5047 0.2930 0.0824 -0.1299 -0.2528
(0.0113) (0.0057) (0.0037) (0.0029) (0.0056)

Mechanical and electrical 0.5154 0.2752 0.0548 -0.1273 -0.2761
design engineering (0.0113) (0.0048) (0.0028) (0.0022) (0.0033)

Productivity engineering 0.4331 0.2079 0.0319 -0.1380 -0.2606
(0.0206) (0.0094) (0.0060) (0.0048) (0.0084)

Technical instruction and 0.3533 0.0870 -0.1070 -0.2523
technical service (0.0146) (0.0073) (0.0060) (0.0142)

Other technical work 0.5352 0.3140 0.1090 -0.0704
(0.0175) (0.0080) (0.0053) (0.0061)

Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, c\ay and glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

Sum of sguares ~

Total 2379.2523 23,653
Explained 1979.2208 71
Residual 400.0315 23,582

222

0.0020 (0.0066)

-0.0245 (0.0031)
-0.0125 (0.0049)
-0.0183 (0.0014)

0.0089 (0.0122)
-0.0151 (0.0041)

-0.0136 (0.0019)
-0.0195 (0.0090)

0.0141 (0.0051)
-0.0017 (0.0087)

0.0071 (0.0037)
-0.0294 (0.0138)
-0.0268 (0.0070)
-0.0191 (0.0111)
-0.0168 (0.0065)
-0.0194 (0.0079)
-0.0011 (0.0035)

0.0699 (0.0031)



TABLE Ila:P64,3

Intercept 8.0133 (0.0036) R = 0.9119

~ Cost of living area Education

- 25 -0.1833 (0.0035) -0.0264 (0,0012) Degree in engineering 0.0972 (0.0035)

26- 29 -0.1033 (0.0024) -0.0146 (0.0016) Certificate in

30- 34 -0.0152 (0.0021 ) 0.0410 (0.0016) engineering I -0.0487 (0.0033)

35- 44 0.0798 (0.0018) Certificate in

45 - 59 0.1255 (0.0020) engineering II -0.0777 (0.0034)

60- 0.0966 (0.0043) Degree in science 0.0112 (0.0078)

Other degrees 0.0180 (0.0087)

Job

level
Family

Supervision of production 0.4909 0.2897 0.0973 -0.0707
(0.0067) (0.0044) (0.0037) (0.0041)

Work supervision, general -0.0034 -0.1566
(0.0085) (0.0061)

Work supervision, building -0.2236 -0.3182 -0.429
and construction work (0.0101) (0.0068) (0.015

Mathematical work 0.4372 0.2722 0.0414 -0.1614 -0.3365
(0.0319) (0.0126) (0.0070) (0.0071) (0.0107)

laboratory work 0.4450 0.2333 0.0227 -0.1897 -0.3126 -0.343
(0.0111) (0.0059) (0.0040) (0.0035) (0.0058) (0.013

Mechanical and electrical 0.4557 0.2155 -0.0050 -0.1871 -0.3358 -0.394

design engineering (0.0111) (0.0050) (0.0033) (0.0029) (0.0038) (0.007

Productivity engineering 0.3733 0.1481 -0.1278 -0.1978 -0.3203
(0.0202) (0.0094) (0.0062) (0.0050) (0.0085)

Technical instruction and 0.2936 0.0272 -0.1668 -0.3120
techn ical service (0.0143) (0.0074) (0.0062) (0.0140)

Other technical work 0.4754 0.2542 0.0492 -0.1302
(0.0172) (0.0080) (0.0055) (0.0063)

Mining

Metal and engineering industry

Iron and stool works metal plants.

Manufacture of hardware

Engineering works

Repair works

Shipyards

Manufacture of electrical equipment

Other metal industry

Quarrying: stone, elay and glass produets
Wood industry

Manufacture of pulp, paper and paper products

Printing and allied industries

Food manufacturing industries

Beverage and tobacco industries

Textile industry

leather furs and rubber industries

Chemieal industry

Building and eonstruction

0.0057 (0.0065)

0.0282 (0.0034)

-0.0088 (0,0050)

-0.0147 (0.0023)

0.0126 (0.0116)

-0.0114 (0.0043)

-0.0099 (0.0027)

-0.0158 (0.0087)

0.0178 (0.0051 )

0.0020 (0.0084)

0.0108 (0.0039)

-0.0257 (0.0131)

-0.0231 (0.0068)

-0.0154 (0.0107)

-0.0131 (0.0064)

-0.0157 (0.0077)

0.0026 (0.0038)

-0.0736 (0.0035)

Total
Explained
Residual

Sum of squares

2379.2523
1978.5735
400.6788

d.f.

23,653
66

23,587
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TABLE Ila:H68, number of observations

Total number of observations: 34,540

~

- 25
26- 29
30- 34
35 - 44
45 - 59
60 -

3,586
5,511
6,030
9,798
8,784

831

Cost of living area

20,623
5,837
8,080

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II
Degree in science
Other degrees

4,660
12,220
17,117

287
256

Job

Level
Family

6

Administration of plants
or branches 73 94 72 14

General analytical and
planning work 25 80 152 77

Supervision of production 603 1,397 2,286 1,923 324
Work supervision, general 30 62 368 216 25
Work supervision, building

and construction work 41 300 789 967 354
Mathematical work 17 115 394 434 223
Laboratory work 163 724 1,566 2,303 959 120
Mechanical and electrical

design engineering 155 784 2,582 4,034 2,746 609
Construction and civil

engineering design 25 173 441 726
Productivity engineering 76 330 740 1,326 786
Technical instruction and

technical service 12 114 431 821 293 15

Mining
Metal and engineering industry

Iron and steel works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, clay and glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

224

1,067

2,867
953

10,063
130

1,231
6,228

339
1,009

396
1,307

100
535

68
398
343

2,235
5,271



TABLE Ila: H68/3

Intercept 8.2449 (0.0033) R = 0.9319

~ eost of living area Education

- 25 -0.2201 (0.0024) -0.0450 (0.0010) Degree in engineering 0.0832 (0.0028)

26 - 29 -0.1061 (0.0018) -0.0140 (0.0013) Certificate in

30 - 34 -0.0092 (0.0017) 0.0589 (0.0012) engineering I -0.0596 (0.0027)

35 - 44 0.0890 (0.0015) Certificate in

45 - 59 0.1405 (0.0016) engineering II -0.0844 (0.0027)

60 - 0.1059 (0.0038) Degree in science 0.0107 (0.0064)

Other degrees 0.0501 (0.0068)

Job

Level
Family

Administration of plants 0.6710 0.4421 0.1766 -0.1106
or branches (0.0149) (0.0131) (0.0149) (0.0335)

General analytical and 0.4558 0.3261 0.0940 -0.1164
planning work (0.0251) (0.0142) (0.0104) (0.0144)

Supervision of production 0.5094 0.3005 0.1093 -0.0616 -0.2621
(0.0056) (0.0040) (0.0034) (0.0035) (0.0073)

Work supervision, general 0.1879 -0.0043 -0.2026 -0.3411 -0.4200
(0.0229) (0.0160) (0.0069) (0.0089) (0.0251)

Work supervision, building 0.1251 0.0157 -0.1575 -0.3332 -0.4730
and construction work (0.0197) (0.0078) (0.0054) (0.0051) (0.0075)

Mathematica! work 0.4633 0.2629 0.0451 -0.1497 -0.3955
(0.0304) (0.0120) (0.0067) (0.0064) (0.0088)

Laboratory work 0.4725 0.2639 0.0399 -0.1676 -0.3330 -0.4385 -0.7047
(0.0102) (0.0054) (0.0039) (0.0034) (0.0048) (0.0117) (0.0396)

Mechanical and electrical 0.4651 0.2542 0.0088 -0.1856 -0.3280 -0.4410 -0.4974
design engineering (0.0104) (0.0050) (0.0033) (0.0029) (0.0034) (0.0057) (0.0274)

Construction and civil 0.4935 0.2578 0.0211 -0.1740
engineering design (0.0251) (0.0098) (0.0063) (0.0051 )

Productivityengineering 0.3927 0.1640 -0.0119 -0.1836 -0.3215
(0.0145) (0.0072) (0.0051) (0.0041) (0.0051)

Technical instruction and 0.4112 0.2706 0.0263 ":-0.1530 -0.3175 -0.4416
technicai service (0.0361) (0.0119) (0.0064) (0.0049) (0.0077) (0.0324)

Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards

Manufacture of electrical equipment
Other metal industry

Quarrying: stone, e/ay and glass products
Wood industry
Manufacture of pulp, paper and paper products
Priniing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

-0.0003

0.0115
0.0054

-0.0208
0.0081

-0.0172
-0.0120
-0.0076

0.0157
0.0023
0.0090
0.0150

-0.0248
0.0111

-0.0107
-0.0092

0.0003
0.0244

(0.0041)

(0.0028)
(0.0042)
(0.0021)
(0.0107)
(0.0039)
(0.0024)
(0.0067)
(0.0041)
(0.0063)
(0.0037)
(0.0150)
(0.0055)
(0.0121)
(0.0063)
(0.0067)
(0.0031)
(0.0029)

225



TABLE Ilb: H68,3

Intercept 8.2399 (0.0044) R = 0.8135

~ Cost of living area Education

- 25 -0.4246 (0.0032) -0.0391 (0,0016) Degree in engineering 0.1949 (O.C

26 - 29 -0.2332 (0.0027) -0.0183 (0,0021 ) Certificate in

30- 34 -0.0394 (0.0026) 0.0574 (0.0020) engineering I -0.1505 (O.C

35 - 44 0.1728 (0.0023) Certificate in

45 - 59 0.2960 (0.0024) engineering II -0.2327 (O.C

60 - 0.2283 (0.0060) Degree in science 0.0828 (O.C
Other degrees 0.1056 (O.C

Industry

Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufacture of hardware
Engineering works

Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone. clay and glass products
Wood industry

Manufacture of pulp. paper and paper products
Printing and allied industries
Food manufacturing industries

Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

0.0364

0.0239
0.0270

-0.0339
-0.0370
-0.0813
-0.0455
-0.0007

0.0362
0.0177
0.0646

-0.0473
-0.0160
-0.0095

0.0264
-0.0093

0.0211
0.0271

(0.0065)

(0.0045)
(0.0068)
(0.0032)
(0.0171)
(0.0061 )
(0.0037)
(0.0107)
(0.0066)
(0.0100)
(0.0059)
(0,0239)
(0.0087)
(0.0194)
(O.0100)
(0.0107)
(0.0049)
(0.0038)

Total
Explained
Residual
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Sum of squares

4228.9225
2798.7530
1430.1695

~

34,539
28

34,511



TABLE III b: P64, number of observations

Total number of observations: 50,121

I MODEl III b-c

~
- 25

26- 29
30 - 34
35 - 44
45 - 59
60-

161
656

1,142
3,316
2,727

308,

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II

1,183
2,785
4,342

Family

Supervision of production
Work supervision, general
Work supervision, building

and construction work
Technical instruction and

technical service
Other technical work

Age

- 29
30- 44
45 -

Age

- 29
30- 44
45-

Level

2 3 4 5

414 1,075 1,626 1,279
260 586

179 460

70 281 479 86

58 280 620 484

Education

Degree in engineering Certificate in engineering I Certificate in engineering II

104 310 403

679 1,509 2,270
400 966 1,669

Level

3 4 5 6 7

7 92 400 270 48
172 684 1,601 1,781 204 16

300 734 1,094 826 72 9

73

Family

Age Supervision Work supervision, Work supervision, Technical instruction Other technical work
of production general building and and technical service

construction work

- 29 274 73 275 141 54
30- 44 2,455 479 269 535 720
45 - 1,665 294 168 240 668

Education Level

2 3 4 5 6

Degree in engineerirg 291 424 339 125 4
Certificate in engineering I 116 510 1,066 983 92 18
Certificate in engineering II 65 491 1,382 1,899 450 55

Family

Education Supervision Work supervision, Work supervision, Technical instruction Other technical work
of production general building and and technical service

construction work

Degree in en-
gineering 943 10 55 170

Certificate in en-
gineering I 1,710 111 105 318 541

Certificate in en-
gineering II 1,741 725 602 543 731
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-0.2994
-0.1876
-0.0880

0.0217
0.0690
0.0379

TABLE Illb:P64,l

Intercept 8.0742 (0.0017),

~

- 25
26 - 29
30 - 34
35 - 44
45 - 59
60 -

Family

(0.0130)
(0.0065)
(0.0044)
(0.0021)
(0.0026)
(0.0087)

Level

R = 0.8666

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II

0.1473
-0.0122
-0.0323

(0.0048)
(0.0025)
(0.0018)

Supervision of production

Work supervision, general

Work supervision. building
and construction work

Technical instruction and
technical service

Other technical work

Total
Explained
Residual

Age

0.4458
(0.0085)

0.4088
(0.0223)

Sum of sguares
778.9944
585.0480
193.9464

Education

0.2482
(0.0047)

0.2429
(0.0193)

0.1982
(0.0095)

~
8.309

61
8248

4 5

0.0544 -0.1050
(0.0036) (0.0043)

0.0209 -0.1314
(0.0098) (0.0065)

-0.2463 -0.2783
(0.0160) (0.0086)

-0.0205 -0.2157 -0.3525
(0.0093) (0.0071 ) (0.0186)

-0.0069 -0.1779
(0.0061) (0.0073)

- 29

30- 44

45-

Degree in engineering

0.0056
(0.0183)

0.0096
(0.0043)

-0.0177
(0.0075)

Certificate in engineering I

0.0070
(0.0081)

-0.0029
(0.0023)

0.0022
(0.0036)

Certificate in engineering II

-0.0068
(0.0071 )

-0.0010
(0.0018)

0.0030
(0.0024)

Age

- 29

30- 44

45 -

Age

- 29

30- 44

45-

228

Level

3 4 5 6

-0.1531 -0.0575 -0.0129 0.0335
(0.0607) (0.0185) (0.0085) (0.0131)

-0.0612 -0.0136 0.0012 0.0135 -0.0232
(0.0103) (0.0042) (0.0022) (0.0023) (0.0147)

0.0351 0.0141 0.0031 -0.0229 ~0.0599

(0.0059) (0.0039) (0.0031) (0.0043) (0.0247)

Family

Supervision Work supervision, Work supervision, Technical instruction Other technical ,
of production general building and and technical service

construction work

-0.0244 0.0564 0.0042 0.0131 -0.0080
(0.0124) (0.0198) (0.0163) (0.0123) (0.0227)

-0.0007 -0.0040 0.0085 0.0055 -0.0024
(0.0017) (0.0047) (0.0128) (0.0042) (0.0038)

0.0050 -0.0074 -0.0205 -0.0200 0.0032
(0.0024) (0.0074) (0.0173) (0.0086) (0.0042)



TABLE Illc:P64,1

Intercept 7.8784 (0.0009) R=0.9171

~

- 25
26 - 29
30 - 34
35 - 44
45 - 59
60-

Family

-0.2152
-0.1185
-0.0332

0.0574
0.0980
0.0754

(0.0039)
(0.0024)
(0.0020)
(0.0014)
(0.0021)
(0.0061 )

Level

Education

Oegree in engineering
Certificate in engineering I

Certificate in engineering II

Oegree in science -
Other degrees

4

0.1433
-0.0188
-0.0384

0.0455
0.0705

(0.0028)
(0.0014)
(0.0012)
(0.0080l
(0.0146)"

Mathematical work

Laboratory work

Mechanical and electrical
design engineering

Productivityengineering

0.5233
(0.0314)

0.5714
(0.0117)

0.5345
(0.0111)

0.4903
(0.0218)

Sum of sguares d.f.

0.3750
(0.0118)

0.3612
(0.0063)

0.3059
(0.0049)

0.2581
(0.0095)

0.1348
(0.0070)

0.1345
(0.0035)

0.0924
(0.0027)

0.0793
(0.0057)

-0.0679
(0.0069)

-0.0880
(0.0027)

-0.0783
(0.0020)

-0.0940
(0.0044)

-0.1986
(0.0115)

-0.2140
(0.0054)

-0.2219
(0.0031 )

-0.2224
(0.0082)

-0.2347
(0.0122:

-0.2681
(0.0072

Total
Explained
Residual

1463.0585
1230.5305
232.5280

16,266
80

16,186

Age

- 29

30- 44

45-

Age

- 29

30- 44

45 -

Education

Oegree in Certificate in Certificate in Oegree in science Other degrees
engineering engineering I engineering II

0.0302 -0.0026 -0.0085 0.0602 0.0273
(0.0068) (0.0023) (0.0027) (0.0216) (0.0555)

-0.0018 0.0022 -0.0003 -0.0143 0.0134
(0.0022) (0.0014) (0.0010) (0.0064) (0.0118)

-0.0228 -0.0012 0.0079 0.0010 -0.0346
(0.0056) (0.0029) (0.0021) (0.0139) (0.0235)

Level

-0.3914 -0.1227 -0.0968 -0.0081 0.0248 0.031~

(0.0714) (0.0288) (0.0082) (0.0020) (0.0020) (O.003E

-0.0489 -0.0128 0.0051 0.0075 -0.0195 -0.036~

(0.0082) (0.0026) (0.0013) (0.0010) (0.0030) (0.01 H
0.0428 0.0205 0.0134 -0.0152 -0.0781 -0.2181

(0.0062) (0.0036) (0.0023) (O.0030l (0.0078) (0.021,
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Education Level

2 3 4 5 6

Degree in engineering -0.0101 -0.0084 0.0027 0.0378 0.2153
(0.0056) (0.0054) (0.0068) (0.0144) (0.1722)

Certificate in engineering I 0.0415 0.0038 -0.0012 -0.0034 -0.0203 -0.015'
(0.0124) (0.0058) (0.0033) (0.0034) (0.0228) (0.038·

Certificate in engineering II -0.0288 0.0033 0.0003 -0.0007 0.0022 0.004~

(0.0179) (0.0055) (0.0026) (0.0019) (0.0048) (O.012(

Education Family

Supervision Work supervision , Work supervision , Technical instruction Other technical work
of production general building and and technical service

construction work

Degree in en- 0.0025 0.0201 -0.0599 0.0263 -0.0219
gineering (0.0024) (0.0493) (0.1536) (0.0210) (0.0115)

Certificate in en- -0.0027 -0.0313 0.0163 0.0097 0.0061
gineering I (0.0021) (0.0135) (0.0213) (0.0068) (O.0048)

Certificate in en- 0.0013 0.0045 -0.0023 -0.0084 0.0006
gineering II (0.0021) (0.0022) (0.0039) (0.0041 ) (O.OO38)
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TABLE III c: P64. number of observations

Total number of observations: 16,267

~ Education

-25 1184 Degree in engineering 2667
26-29 2629 Certificate in engineering I 5608
30-34 3156 Certificate in engineering II 7655
35-44 5699 Degree in science 267
45-59 3197 Other degrees 70
60- 402

Job

Level

Family

Mathematical work 16 140 402 353 159
Laboratory work 141 686 1430 2085 629 10'7
Mechanical and electrical 142 783 2162 3251 1778 315

design engineering
Productivity engineering 40 190 466 750 242

Interaction

Education

Age Degree in Certificate Certificate Degree in Other
engineering in engineer- in engineer- science degrees

ing I ing II

-29 503 1720 1548 37 5
30-44 1627 2730 4293 161 44
45- 537 1158 1814 69 21

Level

Age

-29 3 18 331 1590 1566 305
30-44 144 1030 2792 3807 994 88
45- 192 751 1337 1042 248 29

Family

Age Mathematical Laboratory Mechanical Productivity
work work and electri- engineering

cal design
engineering

-29 276 1374 1789 334
30-44 629 2820 4409 997
45- 165 884 2233 317

Level

Education

Degree in engineering 230 844 1125 445 23
Certificate in engineering I 47 436 1472 2436 1082 135
Certificate in engineering II 33 377 1721 3536 1701 287
Degree in science 22 115 112 17 1
Other degrees 7 27 29 5 1

Family

Mathematical Laboratory Mechanical Productivity
Education work work and electri- engineering

cal design
engineering

Degree in engineering 448 1391 738 90
Certificate in engineering I 319 1637 2975 677
Certificate in engineering II 241 1778 4715 921
Degree in science 55 209 3
Other degrees 7 63
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TABLE Illc:P64,l

I ntercept 7.8784 (0.0009)

~

- 25 -0.2152 (0.0039)

26- 29 -0.1185 (O.0024)

30 - 34 -0.0332 (0.0020)

35 - 44 0.0574 (O.0014)

45 - 59 0.0980 (0.0021 )

60- 0.0754 (0.0061 )

Family
Level

R = 0.9171

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II
Degree in science -
Other degrees

0.1433
-0.0188
-0.0384

0.0455
0.0705

(0.0028)
(0.0014)
(0.0012)
(0.0080)
(O.0146f

Mathematical work

Laboratory work

Mechanical and electrical
design engineering

Productivityengineering

0.5233
(0.0314)

0.5714
(0.0117)

0.5345
(0.0111)

0.4903
(0.02181

Sum of sguares ~

0.3750
(0.0118)

0.3612
(0.0063)

0.3059
(0.0049)

0.2581
(0.0095)

0.1348
(0.0070l

0.1345
(0.0035)

0.0924
(O.0027)

0.0793
(0.0057)

-0.0679
(0.0069)

-0.0880
(0.0027)

-0.0783
(0.0020)

-0.0940
(0.0044)

-0.1986
(0.0115)

-0.2140
(0.0054)

-0.2219
(0.0031 )

-0.2224
(0.0082)

-0.2347
(0.0122)

-0.2681
(0.0072)

Total
Explained
Residual

1463.0585
1230.5305
232.5280

16,266
80

16.186

Age

- 29

30- 44

45-

Age

- 29

30- 44

45 -

Education

Degree in Cert ificate in Certificate in Degree in science Other degrees
engineering engineering I engineering II

0.0302 -0.0026 -0.0085 0.0602 0.0273
(0.0068) (0.0023) (0.0027) (0.0216) (0.0555)

-0.0018 0.0022 -0.0003 -0.0143 0.0134
(0.0022) (0.0014) (0.0010) (0.0064) (0.0118)

-0.0228 -0.0012 0.0079 0.0010 -0.0346
(0.0056) (0.0029) (0.0021) (0.0139) (0.0235)

Level

-0.3914 -0.1227 -0.0968 -0.0081 0.0248 0.0312
(0.0714) (0.0288) (0.0082) (0.0020) (0.0020) (0.0038

-0.0489 -0.0128 0.0051 0.0075 -0.0195 -0.0362
(0.0082) (0.0026) (0.0013) (0.0010) (0.0030) (0.0118

0.0428 0.0205 0.0134 -0.0152 -0.0781 -0.2181
(0.0062) (0.0036) (0.0023) (0.0030) (0.0078) (0.0217
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Family

Age Mathematical Laboratory Mechanical and electrical Productivity
work work design engineering engineering

- 29 -0.0114 0.0052 -0.0048 0.0134
(0.0071) (0,0027) (0,0022) (0,0061)

30 - 44 0,0048 -0.0040 0.0017 0.0009
(0.0032) (0,0014) (0.0009) (0.0023)

45 - 0.0008 0.0049 0,0005 -0.0170
(0.0091) (0.0036) (0,0016) (0.0062)

Level
Education

Degree in engineering -0.0109 -0.0083 -0.0016 0,0234 0.0377
(0.0049) (0.0033) (0.0027) (0.0062) (0.0251)

Certificate in engineering I 0.0149 0.0140 -0.0020 -0.0066 0.0021 0.0306
(0.0180) (0.0054) (0.0024) (0.0015) (0.0030) (0.0089)

Certificate in engineering II 0.0114 -0.0035 -0.0001 0.0015 -0.0019 -0.0144
(0.0212) (0.0059) (0.0022) (0.0011) (0.0019) (0.0042)

Degree in science 0.0533 -0.0005 -0.0144 0.0224 0.1108
(0.0260) (0.0095) (0.0096) (0.0297) (0.1203)

Other degrees -0.0367 0.0152 0.0088 -0.0145 -0.0294
(0.0439) (0.0185) (0.0177) (0.0532) (0.1219)

Family
Education

Mathematical Laboratory Mechanical and electrical Productivity
work work design engineering engineering

Degree in engineering -0.0143 -0,0139 0.0319 0.0240
(0.0051 ) (0.0024) (0.0042) (0.0129)

Certificatein engineering I 0.0103 0.0158 -0.0078 -0,0085
(0.0059) (0.0021) (0.0012) (0.0034)

Certificate in engineering II 0,0049 -0.0026 -0.0000 0.0039
(0.0076) (0.0021) (0.0008) (0.0026)

Degree in science 0.0377 -0.0098 -0.0057
(0.0155) (0.0041) (0.0696)

Other degrees -0.0178 0.0020
(0.0456) (0.0051)
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Table IV:P64, number of observations

Total number of observations: 3,160

Cost of living area

Model IV

-25
26-29
30-34
35-44
45-59

60-

65
282
565

1369
758
121

3
4

5

1644
548
968

Degree in engineering
Certificate in engineering I
Certificate in engineering Il
Degree in business & commerce
Certificate in commerce

480
958

1134
185
403

Chief marketing manager, chief market
development manager, chief sales manager (8102)

Marketing manager, market development manager,
sales manager (8103)

First market developrnent planner , first
salesman, first sales engineer (8104)

Market planner, salesman, sales engineer (8105)

First administrative rationalization officer (9454)

Metal and engineering industry 2550

Quarrying~ stone, clay and glass products 119

Manufacture of pulp, paper and paper products 117

Textile industry 51

Chemical industry 171

Bui Iding and construction 152

180

526

1112

1295

47
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Table IV:P64,1

Intercept 8.0691 (0.0027) R = 0.8815

Cost of living area

-25

26-29

30-34

35-44

45-59

69-

-0.3287

-0.1920 (0.0090)

-0.0721 (0.0060)

0.0247 (0.0031)

0.1004 (0.0051)

0.0525 (0.0137)

3

4

5

-0.0089

-0.0134 (0.0060)

0.0226 (0.0042)

Degree in engineering

Certificate in engineering I

Certificate in engineering II

Degree in business &
economics

Certificate in commerce

0.1100

-0.0095 (0.0041)

-0.0316 (0.0039)

0.0507 (0.0114)

-0.0430 (0.0077)

Chief marketing manager, chief
market development manager,

chief sales manager (8102)

Marketing manager, market de
velopment manager, sales
manager (8103)

First market development planner ,
first salesman, first sales
engineer (8104)

Market planner , salesman, sales
engineer (8105)

First administrative rationalization
officer (9454)

0.4964

0.2771 (0.0065)

0.0196 (0.0037)

-0.1965 (0.0038)

-0.0518 (0.02211

Metal and engineering
industry

Quarrying: stone, clay
and glass products

Manufacture of pulp, paper
and paper products

Textile industry

Chemical industry

Building and construction

-0.0047

0.0767 (0.0137)

0.0160 (0.0147)

0.0560 (0.0212)

0.0196 (0.0114)

-0.0344 (0.0122)

Sum of squares ~

Total 320.298878 3159

Explained 248.878386 20

Residual 71.420492
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Table IV:P64,3

~ 8.1459 (0.0083) R =0.8815

~

-25

26-29

30-34
35-44

45-59

60-

-0.2595 (0.0162)

-0.1228 (0.0089)

-0.0029 (0.0069)

0.0939 (0.0057)

0.1696 (0.0067)

0.1217 (0.0124)

Cost of living area

-0.0090 (0.0038)

-0.0135 (0.0048)

0.0225 (0.0042)

Education

Degree in engineering

Certificate in engineering I

Certificate in engineering II

Degree in business &

economics

Certificate in commerce

0.0947 (0.0066)

-0.0248 (0.0053)

-0.0469 (0.0054)

0.0354 (0,0097)

-0.0584 (0.0072)

Chief marketing manager, chief

rnarket development manager,
chief sales manager (8102)

Marketing manager, market development
manager, sales manager (8103)

First market development planner,
first salesman, first sales en
gineer (8104)

Market planner, salesman, sales
engineer (8105)

First administrative rationalization
officer (9454)

0.3874 (0.0106)

0.1682 (0.0075)

-0.0894 (0.0064)

-0.3055 (0.0069)

-0.1608 (0.0181)

Metal and engineering

industry

Quarrying: stone, clay
and glass products

Manufacture of pulp, paper
and paper products

Textile industry

Chemical industry

Building and construction

-0.0262 (0.0064)

0.0551 (0.0127)

-0.0055 (0.0134)

0.0345 (0.0183)

-0,0019 (0.0110)

-0.0559 (0.0119)

Total

Explained

Residual

Sum of squares

320.2989

248.8801

71.4188

~

3159

20

3139
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TABLE VII:P64,1

I ntercept 8.0691 (0.0027) R = 0.8859

MODEL VII

~

- 25
26- 29
30 - 34
35 - 44
45- 59
60-

Job level

8102
8103
8104
8105
9454

-0.3346
-0.1931
-0.0739

0.0261
0.1005
0.0503

(0.0195)
(0.0092)
(0.0061)
(0.0032)
(O.0051 )
{O.0139l

COS1 of living arE:a

-0.0096
-0.0120

0.0230

0,4920
0.2765
0.0173

-0.1934
-0.0584

(0.0027)
(0.0060)
(0.0042)

(0.0120)
(0.0065)
(0.0038)
(0.0039)
(0.0222)

Education

Degree in engineering 0.1103 (O.0068)
Certificate in

engineering I -0.0115 (0.0042)
Ceri:ificate in

engineering II -0.0321 (0.0039)
Degree in business

& economics 0.0625 (0.0117)
Certificate in

commerce -0.0423 (0.0077)

Metal and enginer~ring incJu~TrY

OUdrry;n~:!" S1On~. clay and YldSS prcduCls

ManufcJCturu of pulp, paper and pap(~r products

Textiiu industry

Chemical industry

Building and construct ian

-0.0054
0.0832
0.0167
0.0592
0.0223

-0.0321

(O.0014)
(0.0138)
(0.0149)
(O.0217)
(0.0116)
(0.0123)

Sum of sguares ~

Total 320.2989 3,159
Explained 251.3594 70
Residual 68.9395 3,089

I nteract ion

Cost of living area
Age

Number of observations

- 29 177 61 109
30- 44 990 362 582
45 - 477 125 277

Estimates

- 29 -0.0084 -0.0112 0.0199
(O.0084) (0,0183) (0.0127)

30- 44 -0.0031 0.0004 0.0050
(0.0022) (0.0043) (0.0035)

45 - 0.0095 0.0044 -0.0183
(0.0045) (0,0116) (0.0070)
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Education

Age Degree in Certificate in Certificate in Degree in Certificate in
engineering engineering engineering business & commerce

I II economics

Number of observations
-29 27 136 106 32 46

30-44 279 567 720 124 244
45- 174 255 308 29 113

Est'imates
-29 0.0322 -0.0097 0.0031 0.0150 -0.0078

(0.0318) (0.0105) (0.0130) (0.0332) (0.0214)
30-44 0.0068 -0.0027 -0.0016 0.0004 0.0030

(0.0059) (0.0035) (0.0030) (0.0089) (0.0059)
45- -0.0159 0.0112 0.0027 -0.0182 -0.0034

(0.0093) (0.0075) (0.0068) (0.0294) (0.0122)

Job

Age
8102 8103 8104 8105 9454

Number of observations
-29 O 2 43 296 6

30-44 83 268 734 810 39
45- 97 256 335 189 2

Estimates
~ -0.1839 -0.0761 0.0131 -0.0380

(0.1159) (0.0241) (0.0039) (0.0657)
30-44 -0.0290 -0.0255 0.0104 0.0012 0.0175

(0.0132) (0.0059) (0.0027) (0.0024) (0.0110)
45- 0.0248 0.0281 -0.0129 -0.0255 -0.2265

(0.0113) (0.0062) (0.0055) (0.0092) (0.1089)

Education

Cost of Degree in Certificate in Certificate in Degree in Certificate in
living area engineering engineering I engineering II business & commerce

economics

Number of observations
3 284 530 439 87 304
4 45 152 242 57 52
5 151 276 453 41 47

Estimates
3---

0.0102 0.0010 0.0003 -0.0007 -0.0115
(0.0057) (0.0037) (0.0047) (0.0126) (0.0042)
-0.0126 0.0094 -0.0200 0.0306 0.0430
(0.0217) (0.0096) (0.0070) (0.0172) (0.0189)
-0.0154 -0.0070 0.0104 -0.0410 0.0265
(0.0102) (0.0065) (0.0044) (0.0216) (0.0203)

Cost of
Job

living area 8102 8103 8104 8105 9454

Number of observations
3 106 261 596 658 23
4 32 80 199 223 14
5 42 185 317 414 10

~
3 -0.0126 0.0061 0.0029 ·0.0035 0.0126

(0.0101) (0.0066) (0.0036) (0.0038) (0.0233)
0.0101 -0.0091 -0.0098 0.0130 -0.0391

(0.0261) (0.0154) (0.0081) (0.0083) (0.0347)
0.0241 -0.0047 0.0007 -0.0015 0.0257
(0.0219) (0.0089) (0.00611 (0.0055) (0.0457)
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Job

Education
8102 8103 8104 8105 9454

Number of observations

Degree in engineering 67 153 211 44 5
Certificate in engineering l 27 131 327 463 10
Certificate in engineering 11 18 130 382 594 10
Degree in business & economics 39 47 61 25 13
Certificate in commerce 29 65 131 169 9

Estimates
Degree in engineering -0.0200 -0.0079 0.0035 0.0380 0.0277

{O.0142l {O.0091 l {O.0072l (O.0231 ) (O.0650)
Certificate in engineering I -0.0117 0.0114 -0.0003 :0.0024 0.0051

(O.0274) (O.0110) (O.0059) (O.0046) (0.0432)
Certificate in engineering II -0.0099 -0.0002 0.0041 -0.0032 0.0515

{O.0344l {O.0111l (O.0053) (O.0037l (0,0450)
Degree in business & economics 0.0198 -0.0137 -0.0148 0.0160 0.0288

(O.0222) (O.0198) (0.0165) (O.0364) (O.0380)
Certificate in commerce 0.0367 0.0060 -0.0101 0.0056 -0.1198

(O.0258) (0.0168) (O.0105) (0.0090) (0,0455)
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TABLE Vllla:P60, number of observations

Total number of observations: 5,850

MODE l Villa, Vllle-g

~

- 25
26 - 29
30 - 34
35 - 44
45 - 59

60-

Family

374
715

1,150
2,248
1,200

163

Cost of living area

3,112
966

1,772

level

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II
Degree in business & economics
Certificate in commerce

512
1,275
1,751

625
1,687

Marketing
Sales Activity through calls

on customers
Tender calculations
Handling of orders
Advertising
Purchasing
Financial administration
Accounting, budget and

cashier work
Internai auditing
Office rationalization
Administrative rationaliza-

tion

. Industry

Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, clay and glass products
Wood industry

Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
leather, furs and rubber industries
Chemical industry
Building and construction

169

23
110

15

455 922 967

49 122 240
24 122 297

56 150
26 45 28
85 151 166

163 206 150 442 210

80 128 132
16 20 21
25 41 29

66

347
184

1,734
109
106

1,184
85

208
116
254

35
122

31
177
134
306
652
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TABLE Vllla:P60.1

I ntercept 7.6553 (0.0023)

~

- 25
26 - 29
30- 34
35- 44
45 - 59
60-

Family

-0.2837
-0.1602
-0.0431

0.0490
0.1202
0.9075

(0.0100)
(0.0066)
(0.0048)
(0.0031)
(0.0048)
(0.0139)

Cost of living area

-0.0261
0.0035
0.0440

Level

(0.0024)
(0.0054)
(0.0038)

R =0.8796

Education

Degree in engineering 0.1388 (0.0085)
Certificate in

engineering I 0.0054 (0.00481
Certificate in

engineering II -0.0325 (0.00421
Degree in business

& economics 0.0519 (0,00791
Certificate in

commerce -0.0317 (0.00481

Marketing

Sales Activity through calls
on customers

Tender calculations

Handling of orders

Advertising

Purchasing

Financial administration

Accounting, budget and
cashier work

Internai auditing

Office rationalization

Administrative rationaliza
tion

0.5548
(0.0140)

0.5373
(0.0373)

0.4112
(0.0177)

0.5527
(0.0463)

4

0.3614 0.0806 -0.01178
(0.0085) (0.0057) (0.0056)

0.3026 0.1253 -0.0200
(0.0254) (0.0161) (0.0155)

0.2889 0.0342 -0.1706
(0.0363) (0.0164) (0.0107)

-0.0349 -0.2029
(0.0237) (0.0147)

0.3216 0.0797 -0.2220
(0.0348) (0.0264) (0.0335)

0.2443 -0.0430 -0.2074
(0.0192) (0.0143) (0.0164)

0.2396 0.0074 -0.1776 -0.3246 -O
(0.0143) (0.0128) (0.0149) (0.0088) (O,

0.2322 0.0091 -0.2269
(0.0203) (0.0158) (0.0156)

0.3840 0.0714 -0.1735
(0.0449) (0.0399) (0.0389)

0.2838 0.0178 -0.2025
(0.0358) (0.0278) (0.0332)

0.2399 -0.0550
(0.0795) (0.0726)

Industry

Mining
Metal and engineering industry

Iron and steel works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone. e1ay and glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

0.0886 (0.0221)

0.0397 (0.0097)
-0.0065 (0.0130)

0.0041 (0.0037)
0.0165 (0.0170)
0.0617 (0.0175)

-0.0352 (0.0051)
-0.0100 (0.0192)

0.0224 (0.0122)
-0.0343 (0.0166)

0.0359 (0.0114)
-0.0384 (0.0302)
-0.0290 (0.0163)

0.0114 (0.0322)
0.0304 (0.0134)
0.0003 (0.0155)
0.0279 (0.0101)

-0.0162 (0.0071)

Total
Explained
Residual
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Sum of squares

801.7369
620.3099
181.4271

9.L
5,849

64
5,785



TABLE Vllla:P60,3

lntercept 7.7099 (0.0080)

~

- 25
26 - 29
30- 34
35 - 44
45 - 59
60-

Family

-0.2454
-0.1237
-0.0066

0.0855
0.1564
0.1338

(0.0090)
(0.0066)
(0.0055)
(0.0048)
(0.0056)
(0.0120)

Cost of living area

-0.0334
-0.0032

0.0366

Level

(0.0034)
(0.0044)
(0.0038)

R = 0.8803

Education

Degree in engineering 0.1121 (0.0074)
Certificate in

engineering I -0.0214 (0.0051 )
Certificate in

engineering II -0.0592 (0.0050)
Degree in business

& economics 0.0256 (0.0072)
Certificate in

commerce -0.0570 (0.0054)

Marketing

Sales Activity through calls
on customers

Tender calculations

Handling of orders

Advertising

Purchasing

Financial administration

Accounting, budget and
cashier work

Internai auditing

Office rationalization

Administrative rationaliza
tian

0.5068
(0.0151)

0.4892
(0.0368)

0.3631
(0.0182)

0.5049
(0.0454)

0.3136 0.0328 -0.1657
(0.0108) (0.0090) (0.0090)

0.2545 0.0775 -0.0677
(0.0256) (0.0172) (0.0133)

0.2414 -0.0133 -0.2184
(O.o360l (0.0176) (0.0128)

-0.0831 -0.2507
(0.0241 ) (0.0160)

0.2736 0.0315 -0.2703
(0.0345) (0.0266) (0.0332)

0.1961 -0.0910 -0.2557
(0.0199) (0.0156) (0.0175)

0.1912 -0.0412 -0.2263
(0.0154) (0.0141) (0.0160)

0.1840 -0.0394 -0.2758
(0.0207) (0.0167) (0.0166)

0.3359 0.0230 -0.2222
(0.0440) (0.0392) (0.0383)

0.2354 -0.0303 -0.2515
(0.0353) (0.0278) (0.0329)

0.1922 -0.1029
(0.0776) (0.0709)

-0.3736
(0.0111)

-0.2415
(0.1223)

-0.5297
(0.0145)

-0.6962
(0.1222)

Industry

Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, clay and glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

Sum of squares d.f.

Total 801.7369 5,849
Explained 621.2379 66
Residual 180.4990 5,783

0.0790 (0.0212)

0.0318 (0.0102)
-0.0160 (0.0130)

-0.0049 (0.0060)
0.0070 (0.0167)
0.0523 (0.0171)

-0.0444 (0.0070)
-0.0195 (0.0186)

0.0128 (0.0123)
-0.0443 (0.0161)

0.0258 (0.0115)
-0.0480 (0.0288)

-0.0370 (0.0159)
0.0018 (0.0306)
0.0207 (0.0133)

-0.0096 (0.0152)

0.0182 (0.0104)
-0.0256 (0.0083)
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TABLE Villa: P64, number of observations

Total number of observations: 7,381

~

- 25
26 - 29
30- 34
35 - 44
45 - 59
60-

328
807

1,307
2,876
1,799

264

Cost of living area

4,022
1,332
2,027

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II
Degree in business & economics
Certificate in commerce

578
1,690
2,240

708
2,165

Job

Level
Family

Marketing 197 561 1,163 1,323
Sales Activity through calls

on customers 57 141 255
Tender calculations 52 160 329
Handling of orders 66 149
Advertising 29 59 34
Purchasing 31 99 217 162
Financial administration 124 198 275 162 506 192
Accounting, budget and

cashier work 33 97 187 171
Internai auditing 18 36 26
Office rationalization 34 54 55
Administrative rationaliza·

tian 16 36 58 18

Mining
Metal and engineering industry

Iron and steel works, metaI plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, clay and glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

242

63

472
228

2,272
162
146

1,442
109
304
130
338

65
118
56

186
171
389
730



TABLE Vllla:P64,1

Intercept 7.9829 (O .0018)

~

- 25
26 - 29
30- 34
35 - 44
45 - 59
60-

Family

-0.2785
-0.1664
-0.0557

0.0376
0.0984
0.0498

(0.0090)
(0.0055)
(0.0040)
(0.0023)
(0.0034)
(0.0095)

Cost of living area

-0.0169
-0.0046

0.0356

Level

(0.0018)
(0.0040)
(0.0032)

R = 0.8902

Education

Degree in engineering 0.1354 (0.0069)
Certificate in

engineering I 0.0022 (0.0036)
Certificate in

engineering II -0.0216 (0.0032)
Degree in business

& economics 0.0581 (0.0066)
Certificate in

commerce -0.0345 (0.0036)

Marketing

Sales Activity through calls
on customers

Tender calculations

Handling of orders

Advertising

Purchasing

Financial administration

Accounting, budget and
cashier work

Internai auditing

Office rationalization

Administrative rationaliza
tion

0.5537
(0.0114)

0.5062
(0.0280)

0.4042
(0.0146)

0.5115
(0.0274)

0.3481 0.0904 -0.1328
(0.0066) (0.0044) (0.0042)

0.2623 0.1257 -0.0188
(0.0206) (0.0131) (0.0098)

0.2506 0.0317 -0.1560
(0.0218) (0.0127) (0.0090)

-0.0405 -0.2182
(0.0192) (0.0128)

0.3087 0.0281 -0.1772
(0.0289) (0.0202) (0.0266)

8.2332 -0.0347 -0.2027
(0.0156) (0.0105) (0.0122)

0.1944 -0.0151 -0.1843
(0.0114) (0.0099) (0.0126)

0.2322 -0.0079 -0.2002
(0.0160) (0.0115) (0.0120)

0.3004 0.0615 -0.2014
(0.0370) (0.0260) (0.0306)

0.2469 0.0107 -0.1764
(0.0268) (0.0211) (0.0210)

0.3082 0.1328 -0.0827
(0.0390) (0.0259) (0.0204)

-0.3376
(0.0071 )

-0.2502
(0.0368)

-0.4712
(0.01151

-0.5485
(0.1552:

Industry

Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying; stone, day and glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

0.0595 (0.0198)

-0.0022 (0.0072)
0.0027 (0.0102)

-0.0012 (0.0028)

0.0070 (0.0123)

0.0100 (0.0130)
-0.0298 (0.0041)
-0.0246 (0.0148)

0.0375 (0.0088)

-0.0351 (0.0136)
0.0121 (0.0086)

-0.0299 (0.0195)

-0.0243 (0.0145)

0.0439 (0.0210)
0.0122 (0.0114)

-0.0030 (0.0120)

0.0183 (0.0078)

0.0343 (0.0061)
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TABLE Vllla:P64,3

Intercept 8.0106 (0.0061)

~

- 25
26 - 29
30 - 34
35 - 44
45 - 59
60 -

Family

-0.2261
-0.1138
-0.0033

0.0901
0.1508
0.1022

(0.0079)
(0.0053)
(0.0045)
(0.0037)
(0.0042)
(0.0083)

Cost of living area

-0.0219
-0.0096

0.0315

Level

(0.0027)
(0.0033)
(0.00301

R = 0.8901

Education

Degree in engineering 0.1075 (0.0060)
Certificate in

engineering I -0.0258 (0.0040)
Certificate in

engineering II -0.0496 (0.0039)
Degree in business

& economics 0.0302 (0.0059)
Certificate of

commerce -0.0624 (0.0042)

Industry

Mining
Metal and engineering industry

I ron and stool works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, clay and glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

Marketing

Sales Activity through calls
on customers

Tender calculations

Handling of orders

Advertising

Purchasing

Financial administration

Accounting, budget and
cashier work

Internai auditing

Office rationalization

Administrative rationalization

Total
Explained
Residual

244

Sum of sguares

845.8147
670.1647
175.6500

0.5113
(0.0122)

0.4638
(0.0277)

0.3619
(0.0150)

0.4691
(0.0271 )

0.3057 0.0480 -0.1753
(0.0084) (0.0070) (0.0070)

0.2199 0.0833 -0.0612
(0.0207) (0.0139) (0.0111)

0.2082 -0.0107 -0.1984
(0.0219) (0.0136) (0.0104)

-0.0829 -0.2596
(0.0195) (0.0137)

0.2663 -0.0143 -0.2196
(0.0286) (0.0204) (0.0265)

0.1908 -0.0771 -0.2452
(0.0161) (0.0115) (0.0131)

0.1520 -0.0575 -0.2258
(O.0121l (0.0109) (0.0133)

0.1898 -0.0504 -0.2427
(0.0163) (0.0123) (0.0129)

0.2580 0.0191 -0.2439
(0.0364) (0.0258) (0.0303)

0.2045 -0.0317 -0.2189
(0.0266) (0.0213) (0.0212)

0.2658 0.0903 -0.1251
(0.0383) (0.0258) (0.0206)

0.0547 (0.0190)

-0.0070 (0.0076)
-0.0022 (0.0102)
-0.0059 (0.0046)

0.0020 (0.0121)

0.0052 (0.0128)

-0.0346 (0.0054)
-0.0294 (0.0144)

0.0326 (0.0090)

-0.0400 (0.0132)

0.0072 (0.0087)
-0.0347 (0.0187)

-0.0292 (0.0140)

0.0390 (0.0200)

0.0073 (0.0112)

-0.0080 (0.0118)
0.0135 (0.0080)

0.0294 (0.0069)

~
7,380

67
7,313

-0.3700
(0.0087)

-0.2928
(0.0363)

-0.51:
(0.01:

-0.59(
(0.15'



TABLE Villa: H68, number of observations

Total number of observations: 11,820

~

- 25
26- 29
30 - 34
35 - 44
45 - 59
60-

1,058
1,739
2,108
3,542
2,999

374

Cost of living area

6,453
2,088
3,279

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II
Degree in business & economics
Certificate in commerce

823
3,068
3,932

854
3,143

Job

Level
Family

PR work 1 11 17

Marketing 184 758 1,526 2,035 391
Sales Activity through calls

on customers 66 214 405 70
Tender calculations 76 240 505 351
Handling of orders 23 100 265 161
Advertising 26 54 86
Purchasing 44 149 270 245 119
Financial administration 137 197 353 232
Accounting, budget and

cashier work 36 140 315 291
Internai auditing 11 24 28 36
Administrative rationaliza-

tion 13 42 66 131 28
Supervision of data processing

work 13
Systems work, programm ing

work 35 122 271 93
Computer operation work 5 7 2 6 15
General office work 20 20 350 381

Mining
Metal and engineering industry

I ron and steel works, metaI plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, day and glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries

Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

56

748
460

3,514
235
217

2,214
204
460
230
424
100
257

37
244
190
653

1,577
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TABLE Villa: H68,3

Intercept 8.2630 ( .0049) R = .9103

~ Cost of living area Education

- 25 -.2511 -.0325 (.0020) Degree in engineering .1086 (,0046)

26- 29 -.1216 .0000 (.0025) Certificate in
30 - 34 -.063 .0325 (.0023) engineering I -.0280 (,0029)
35 - 44 .0934 Certificate in
45 - 59 .1546 engineering II -.0504 (,0029)

60 - .1309 Degree in business
& economics .0247 (.0048)

Certificate in
commerce -.0548 (,0031)

Job

Level
Family

PR work [ .3071 ] .2133 .0163
(.0732) (,0437) (.0548)

Marketing .5234 .3023 .0678 -.1374 -.3305
(.0115) (.0068) (.0056) (.0054) (.0088)

Sales Activity through calls
on customers .2978 .0837 -.0966 -.2569

(.0183) (.0108) (.0083) (,0178)

Tender calculations .2042 -.0158 -.2021 -.3711
(,0174) (,0106) (,0081) (.0094)

Handling of orders .2610 -.0578 -.2496 -.3870
(.0304) (,0151) (,0098) (,0122)

Advert isi ng .2290 .0184 -.1627
(.0286) (.0200) (,0161)

Purchasing .4632 .1659 -.0570 -.2127 -.3674
(.0222) (,0125) (,0097) (.0102) (.0140)

Financial administration .4018 .1693 -.0436 -.2617
(.0134) (,0113) (,0091) (.0107)

Accounting, budget and .3615 .1780 -.0347 -.2266
cashier work (.0246) (.0130) (.0092) (.0095)

Internai auditing .3389 .1984 -.0431 -.1968
(.0044) (.0298) (.0276) (.0245)

Administrative rationalization .4446 .2506 .0207 -.1443 -.3288
(.0403) (.0227) (.0182) (.0133) (.0277)

Supervision of data processing work [ .3579] .2056 .0635 -.0681
(.0723) (.0483) (.0402) (.0647)

Systems work, programming work .2388 .0446 -.1505 -.3123
(.0248) (.0138) (.0099) (.0158)

Computer operation work .2202 .0297 -.0190 -.3027 -.54S
(.0646) (.0547) (.0687) (,0591) (.03i

General office work --,0065 -.1683 -.4021 -.51E
(.0325) (.0325) (.0089) (.OO~

Industry

Mining 0.0144 (0.0189)
Metal and engineering indusll y

I ron and steel works metal plants -0.0221 (0.0058)
Manufacture of hardware -0.0050 (0.0070)
Engineering works -0.0146 (0.0036)
Repair works 0.0231 (0.0096)
Shipyards -0.0068 (0.0099)
Manufacture of electrical equipment -0.0214 (0.0043)
Other metal industry -0.0271 (0.0100)
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Quarrying: stone, elay and glass products
Wood industry
Manufaeture of pulp, paper and paper produets
Printing and allied industries
Food manufaeturing industries
Beverage and tobaeeo industries
Textile industry
Leather furs and rubber industries
Chemieal industry
Building and eonstruetion

Sum of sguares d.f.

Total 1469.0762 11,819
Explained 1217.4018 87
Residual 251.6744 11,732

0.0106
-0.0021
-0.0110

0.0281
-0.0037

0,0107
0.0089

-0.0246
-0.0003

0.0209

(0.0070)
(0.0095)
(0.0073)
(0,0142)
(0,0091)
(0,0230)
(0.0093)
(0.0104)
(0.0060)
(0,0050)
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TABLE VIlie: P64, number of observations

Total number of observations: 5,223

Age Education
-=-25 119 Degree in engineerillg 538
26-29 451 Certificate in engineering I 1504
30-34 900 Certificate in engineering II 2039
35-44 2235 Degree in business & economics 289
45-59 1329 Certificate in commerce 853
60- 189

Job

Level
Family

Marketing 198 577 1185 1351
Sales activities through calls

on customers 62 149 285
Tender calculations 52 162 332
Handling of orders 66 151
Advertising 33 60 34
Purchasing 31 104 225 166

Interaction

Education

Age Degree in Certificate Certificate Degree in Certificate
engineering in engineer- in engineer- business in commerce

ing I ing II & economics

-29 29 221 191 33 96
30-44 306 875 1258 190 506
45- 203 408 590 66 251

Level
Age

-·29 O 9 73 488
30-44 102 417 1183 1433
45- 127 402 591 398

F-amily

Marketing Sales acti- Tender Handling Advertising Purch
Age vities calcula- of orders ing

through tions
calls on
customers

-29 356 41 75 35 8 55
30-44 2020 333 303 113 82 284
45- 935 122 168 69 37 187

Level
Education

Degree in engineering 76 180 231 51
Certificate in engineering I 32 201 533 738
Certificate in engineering II 20 201 666 1152
Degree in business & economics 58 90 105 36
Certificate in commerce 43 156 312 342
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Family

Marketing Sales ac- Tender Handling Adver· Purchas-
Education tivities calcu- of orders tising ing

through lations
calls on
customers

Degree in engineering 484 8 21 5 3 17

Certificate in enginering I 974 131 180 71 32 116
Certificate in engine'ring II 1161 232 339 95 30 182
Degree in business & economics 210 23 1 3 26 26
Certificate in commerce 482 102 5 43 36 185
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TABLE Vllle:P64,1

Intercept 8.0380 (0,0022)

~

- 25
26 - 29
30 - 34
35 - 44
45 - 59
60-

-0,3380
-0.1922
-0.0694

0.0263
0,0920
0.0435

(0.0148)
(0.0075)
(0.0050)
(0,0026)
(0,0039)
(0.0115)

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II
Degree in business & economics
Certificate in commerce

0.1178
-0.0053
-0.0218

0.0501
-0.0297

(0.0069)
(0,0035)
(0,0029)
(0.0095)
(0.0051)

Job

Level
Family

4

Marketing 0.5156 0.3090 0.0456 -0.1727
(0.0119) (0.0067) (0.0042) (0.0041)

Sales activities through calls 0.2239 0.0802 -0,0555
on customers (0,00211 (0.0129) (0.0094)

Tender calculations 0.2327 0.0211 -0.1821
(0,0234) (0.0126) (0.0089)

Handling of orders -0.0913 -0.2587
(0.0202) (0.0129)

Advertising 0.2662 -0.0060 -0.2229
(0.0294) (0.0204) (0.0282)

Purchasing 0.4385 0.1859 -0.0716 -0.2335
(0.0314) (0.0162) (0,0106) (0,0133)

1nteraction

Education

Age Degree in Certifjcate in Certificate in Degree in business Certificate in
engineering engineering I engineering II & economics commerce

- 29 0.0238 -0.0053 0.0059 0.0219 -0.0143
(0.0312) (0.0084) (0.0096) (0.0305) (O.0151)

30- 44 0.0047 -0.0002 0.0025 0.0024 -0.0096
(O.0060) (0.0030) (0.0023) (0.0070) (0.0043)

45 - -0.0104 0.0032 -0.0072 -0.0177 0.0248
(0.0091) (0.00611 (0.0048) (0.0018) (O.0083)

Level
Age

- 29 -0.1201 -0.0525 0.0101
(0.0539) (0.0186) (0.0030)

30 - 44 -0.0360 -0.0222 0.0062 0.0039
(0.0124) (0.0051 ) (0.0022) (0.0019)

45 - 0.0289 0.0257 -0.0060 -0,0263
(0.0099) (0.0053) (0.0042) (0.0064)
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Family

Marketing Sales activities Tender calcula- Handling of Advertising Purchasing
Age through calls tions orders

on customers

- 29 -0.0001 -0.0399 0.0136 0.0391 -0.0404 -0.0074
(0.0052) (0.0236) (0.0170) (0.0246) (0.0552) (0.0213)

30 - 44 -0.0023 -0.0075 0.0175 -0.0039 0.0007 0.0080
(0.0014) (0.0048) (0.0059) (0.0101) (0.01 11) (0.0062)

45'- 0.0050 0.0338 -0.0376 -0.0134 0.0071 -0.0099
(0.0029) (0.0122) (0.0102) (0.0159) (0.0238) (0.0096)

Level
Education

Degree in engineering -0.0171 -0.0113 0.0047 0.0440
(0.0142) (0.0090) (0.0074) (0.0220)

Certificate in engineering I -0.0112 0.0016 0.0028 -0.0020
(0.0260) (0.0093) (0.0048) (0.0038)

Certificate in engineering II 0.0145 -0.0046 -0.0026 0.0021
(0.0333) (0.0093) (0.0041 ) (0.0025)

Degree in business & economics -0.0100 0.0024 -0.0015 0.0144
(0.0176) (0.0137) (0.0122) (0.0280)

Certificate in comrnerce 0.0453 0.0156 -0.0021 -0.0109
(0.0219) (0.0108) (0.0067) (0.0065)

Family

Education
Marketing Sales activities Tender calcula- Handling of Advertising Purchasing

through calls tions orders

on customers

Degree in en- -0.0054 0.0308 0.0552 0.1413 -0.0291 0.0358
gineering (0.0023) (0.0562) (0.0351) (0.0702) (0.0927) (0.0387)

Certificate in en- -0.0008 -0.0140 0.0087 -0.0080 0.0039 0.0043
gineering I (0.0025) (0.0113) (0.0091) (0.0151) (0.0240) (0.0125)

Certificate in en- -0.0002 0.0018 -0.0068 -0.0030 -0.0295 0.0179
gineering II (0.0023) (0.0073) (0.0050) (0.0121) (0.0250) (0.0092)

Degree in business 0.0080 -0.0764 -0.0069 -0.0215 0.0250
& economics (0.0058) (0.0322) (0.0918) (0.0282) (0.0302)

Certificate in 0.0039 0.0287 -0.0816 0.1138 0.0125 -0.0272
commerce (0.0042) (0.0132) (0.0697) (0.0213) (0.0221) (0.0085)

Sum of sguares ~

Total 491.5437 5,222
Explained 367.0096 81
Residual 124.5341 5,141
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TABLE VIII f: P64, number of observations

Total number of observations: 2,429

Age Education
-=25 218 Degree in engineering 45
26-29 382 Certificate in engineering I 212
30-34 461 Certificate in engineering II 258
35-44 762 Degree in business & economics 446
45-59 526 Certificate in commerce 1468
60- 80

Job

Level
Family

Financial administration 127 210 286 171 548 211
Accounting, budget and cashier work 33 103 202 179
Internai auditing 20 36 26
Office rationalization 34 55 56
Administrative rationalization 17 36 60 18

Interaction

Education

Age Degree in Certificate Certificate Degree in Certificate
engineering in engineer- in engineer- business in commerce

ing I ing II & economics

-29 10 85 65 49 391
30-44 30 85 106 290 712
45- 5 42 87 107 365

Level
Age

-29 O 9 63 170 258 10e
30-44 87 245 405 231 200 5~

45- 73 130 147 91 108 5/

Family

Age Financial Accounting, Internai Office Administra-
administra- budget and auditing rationali- tive ratio-
tion cashier zation nalization

work

-29 409 97 16 35 43
30-44 693 304 47 97 82
45- 451 116 19 13 7

Level
Education

Degree in engineering O 18 18 6 3
Certificate in engineering I 5 16 34 61 78 lE
Certificate in engineering II O 9 37 40 126 4E
Degree in business & economics 107 158 135 33 10
Certificate in commerce 48 183 391 352 349 14~

Family

Education Financial Accounting, Internai Office Administra-
administra- budget and auditing rationali- tive ratio-
tion cashier zation nalization

work

Degree in engineering 6 9 O 12 18
Certificate in engineering I 109 30 2 33 38
Certificate in engineering II 183 30 O 24 20
Degree in business & economics 208 147 34 36 21
Certificate in commerce 1047 301 45 40 35
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TABLE Vlllf:P64,1

Intercept 7.8611 (0.0031) R = 0.9122

~

- 25
26 - 29
30- 34
35- 44
45 - 59
60-

-0.2418
-0.1154
-0.0395

0.0686
0.1095
0.0638

(0.0112)
(0.0079)
(0.0067)
(0.0050)
(0.0064)
(0.0177)

Education

Degree in engineering
Certificate in engineering I
Certificate in engineering II
Degree in business ~t economics
Certificate in commerce

0.1786
0.0088
0.0166
0.0829

-0.0348

(0.0248)
(0.0110)
(0.0100)
(0.0080)
(0.0029)

Family

Financial administration

Accounting, budget and cashier work

Internai auditing

Office rationalization

Administrative rationalization

Level

0.5082 0.2958 0.0763 -0.0746 -0.2449 -0.3812
(0.0162) (0.0117) (0.0101) (0.0131) (0.0071 ) (0.0111)

0.5924 0.3173 0.0901 -0.1130
(0.0295) (0.0166) (0.0110) (0.0128)

0.3450 0.1666 -0.0847
(0,0407) (0.0265) (0.0354)

0.3093 0.0565 -0.0997
(0.0400) (0.0292) (0.0305)

0.3957 0.2137 -0.0201 -0.1805
(0.0453) (0,0337) (0.0282) (0.0461)

Age

- 29

30- 44

45 -

Age

- 29

30- 44

45 -

Age

- 29

30- 44

45 -

Education

Degree in Certificate in Certificate in Degree in business Certificate in
engineering engineering I engineering II & economics commerce

0.0234 0.0166 0.0240 0.0535 -0.0149
(0.0561) (0.0150) (0.0171) (0.0263) (0.0048)

-0.0117 0.0062 0.0049 0.0028 -0.0021
(0.0222) (0.0143) (0.0124) (0.0059) (0.0030)

0.0232 -0.0461 -0.0239 -0.0321 0.0201
(0.0750) (0.0228) (0.0147) (0.0148) (0.0050)

Level

-0.1536 -0.0604 -0.0150 0.0067 0.0601
(0.0540) (0.0209) (0.0104) (0.0074) (0.0118)

-0.0538 -0.0152 0.0037 0.0213 0.0117 -0.0069
(0.0123) (0.0058) (0.0042) (0.0078) (0.0093) (0.0185)

0.0641 0.0392 0.0156 -0.0262 -0.0376 -0.0988
(0.0146) (0.0108) (0.0104) (0.0148) (0.0142) (0.0180)

Family

Financial Accounting, budget Internai Office rationa- Administrative
administration and cashier work auditing Iization rationalization

0.0052 -0.0022 0.0016 -0.0442 -0.0093
(0.0063) (0.0178) (0.0402) (0.0280) (0.0241)

0.0000 0.0001 -0.0166 0.0163 -0.0103
(0.0036) (0.0059) (0.0152) (0.0104) (0.0132)

-0.0048 0.0016 0.0396 -0.0029 0.1780
(0.0039) (0.0129) (0.0331) (0.0437) (0.0677)
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Level
Education

Degree in engineering -0.0313 0.0314 -0.0019
(0.0355) (0.0297) (0.0819)

Certificate in engineering I -0.0696 -0.0120 0.0085 0.0198 -0.0033 -0.03
(0.0702) (0.0400) (0.0273) (0.0225) (0.0198) (0.03

Certificate in engineering II -0.0013 0.0081 0.0242 -0.0060 -0.01
(0.0565) (0.0309) (0.0330) (0.0142) (0.02

Degree in business & economics 0.0038 -0.0128 -0.0117 0.0318 0.2156
(0.0088) (0.0083) (0.0104) (0.0270) (0.0506)

Certificate in comrtlerce -0.0013 0.0152 0.0011 -0.0091 -0.0033 0.00
(0.0193) (0.0081 ) (0.0049) (0.0055) (0.0060) (0.00

Family

Education

Degree in engineering

Certificate in engineering I

Certificate in engineering II

Degree in business & economics

Certificate in commerce

Financial
administration

0.0168
(0.0659)

0.0161
(0.0154)

0.0094
(0.0114)

-0.0187
(0.0097)

0.0003
(0.0023)

Sum of sguares E!.i:

Accounting, budget
and cashier work

0.0022
(0.0505)

-0.0156
(0.0303)

-0.0399
(0.0376)

0.0066
(0.0110)

0.0023
(0.0062)

Internai
auditing

0.0374
(0.0233)

-0.0283
(0.0176)

Office rationa
lization

0.0247
(0.0436)

0.0008
(0.0231)

-0.0224
(0.0321)

0.0481
(0.0372)

0.0068
(0.0343)

Administrative
rationalization

-0.0232
(0.0345)

-0.0344
(0.0293)

0.0003
(0.0444)

-0.0034
(0.0378)

-0.0000
(0.0289)

Total
Explained
Residual
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2,428
81
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TABLE Vlllg: H68,3 x)

Intercept 8.21 83 (O .0049) R = 0.7578

W Cost of Iivi ng area Education

- 25 -0.4550 (0.0065) -0.0465 (0.0031 ) Degree in engineering 0.2077 (0.0069)

,0- ,'" -0.2190 (0.0053) -0.0014 (0.0039) Certificate in

30 - 34 -0.0071 (0.0050) 0.0479 (0.0036) engineering I -0.0731 (0.0043)

35 - 44 0.1967 (0.0042) Certificate in
45 - 59 0.2858 (0.0045) engineering II -0.1495 (0.0040)

60- 0.1986 (0.0102) Degree in business
& economics 0.1575 (0.0068)

Certificate in
commerce -0.1426 (0.0044)

Industry

Mining
Metal and engineering industry

I ron and steel works, meta I plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, e1ay and glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing Industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industries
Chemical industry
Building and construction

Sum of SQuares d.f.

Total 1469.0762 11,819
Explained 843.6416 28
Residual 625.4347 11,791

x) For number of observations see table Vllla:H68

0.0227

0.0141
0.0008

-0.0153
-0.0006
-0.0700
-0.0549
-0.0087

0.0236
0.0171
0.0431

-0.0061
-0.0028
-0.0063

0.0549
-0.0253

0.0377
-:-0.0241

(0.0295)

(0.0090)
(0.0109)
(0.0056)
(0.0149)
(0.0154)
(0.0066)
(0.0158)
(0.0109)
(0.0149)
(0.0114)
(0.0222)
(0.0142)
(0.0360)
(0.0145)
(0.0163)
(0.0094)
(0.0071 )
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TABLE IX:H68, numberof observations

Total number of observations: 50,121

MODEl I~

~ Cost of living area Education

- 19 28 29,299 Degree in engineering 5,660

20 - 21 245 8,507 Certificate in engineering I 16,121

22- 23 1,431 12,315 Certificate in engineering II 22,527

24 - 25 3,185 Degree in business

26 - 27 3,911 & economics 1,010

28 - 29 3,863 Certificate in commerce 3,524

30- 31 3,805 Degree in social work

32- 34 4,919 public administration 62

35 - 39 7,237 Degree in science 423

40 - 44 7,211 Degree in law or in

45- 49 6,422 the social sciences 252

50- 59 6,485 Other university degrees 542

60- 1,379

O.
1.
2.
3.
4.
5.
6.
7.
8.
9.

Administration
Production supervision of contral
Research and development
Design
Other technical work
Humanistic work
Education
General service and health
Commercial
Accounting and general office work

1,074
9,649
6,972

12,303
7 ;297

172
187
102

8,712
3,653

Job level

2
3
4
5
6
7

8

1,707
6,083

13,459
18,585
8,634
1,596

57

Industry

Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal industry

Quarrying: stone, clay ang glass products
Wood industry
Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry
Leather, furs and rubber industry
Chemical industry
Building and construction

256

678

4,023
1,527

14,939
377

1,590
9,226

592
1,573

701
1,986

253
897
110
717
590

3,178
7,164



TABLE IX:H68,1.

I ntercept 8.1362 (0.0006) R = 0.9229

A:42

Administration
Production supervision of contrei
Research and development
Design
Other technical work
Humanistic work
Education
General service and health
Commercial
Accounting and general office work

~

- 19
20- 21
22 - 23
24 - 25
26 - 27
28 - 29
30- 31
32 - 34
35 - 39
40- 44

45 - 49
50 - 59
60-

O.
1.
2.
3.
4.
5.
6.
7.
8.
9.

-0.5184
-0.3929
-0.3030
-0.2300
-0.1669
-0.1081

-0.0597
-0.0117

0.0441
0.0910
0.1134
0.1252
0.0847

(0.0257)
(0.0089)

(0.0038)
(0.0025)
(0.0022)
(0.0022)
(0.0021)
(0.0019)
(0.0015)
(0.0015)
(0.0017)
(0.0016)
(0.0036)

Cost of living area

-0.0282
0.0033

0.0648

0.0651
0.0338

-0.0179
-0.0290
-0.0327
-0.0743
-0.0489

0.1613
0.0413

-0.0081

(0.0005)
(0.0014)

(0.0012)

(0.0044)
(0.0014)

(0.0016)
(0.0011)
(0.0015)
(0.0104)
(0.0099)
(0.0138)
(0.0014)
(0.0027)

Education

Degree in engineering 0.1497 (0.0019)
Certificate in

engineering I -0.0022 (0.0009)
Certificate in

engineering II -0.0335 (0.0008)
Degree in business

& economics 0.0488 (0.0046)
Certificate in

commerce -0.0508 (0,0028)
Degree in social work

public administra-
tion -0.1151 (0,0175)

Degree in science 0.0710 (0.0067)
Degree in law or in

the social sciences 0.0160 (0.0088)
Other degrees 0.0835 (0.0061)

Job level

2 0.5345 (O.0035)
3 0.3249 (0.0018)
4 0.1064 (0.0011)
5 -0.0859 (0.0008)
6 -0.2471 (0.0016)
7 -0.3561 (0.0037)
8 -0.4015 (0.0181)

Industry

Mining
Metal and engineering industry

I ron and steel works, metal plants
Manufacture of hardware
Engineering works
Repair works
Shipyards
Manufacture of electrical equipment
Other metal iCldustry

Ouarrying: stone, clay and glass products
Wood industry

Manufacture of pulp, paper and paper products
Printing and allied industries
Food manufacturing industries
Beverage and tobacco industries
Textile industry

Leather, furs and rubber industries
Chemical industry
Building and construction

Sum of SQuares

Total

Explained
Residual

0.0090

0.0116
0.0140

-0.0130
0.0228

-0.0126
-0.0082
-0.0005

0.0252
0.0128
0.0184
0.0280

-0.0117
0.0355
0.0046

-0.0095
0.0127
0.0117

5!J.:
50,120

54
50,066

(0.0052)

(0.0021)
(0.0034)
(0.0010)

(0.0070)
(0.0034)
(0.0014)
(0.0055)
(0.0034)
(0.0051)
(0.0030)
(0.0086)
(0.0045)
(0.0130)
(0.0051)
(0.0056)
(0.0024)
(0.0017)

257



APPENDIX B

NECESSARY AND SUFFICIENT CONDITlONS FOR UNIQUE
SOLUTIONS IN CONSTRAINED LINEAR MODELS NOT OF
FULL RANK

Suppose Z is an nxe matrix of rank r, r < e, H is a txe matrix, T is a eolumn

veetor with e elements and g a column veetor with n elements.

Proposition B:l

For every g in the eolumn spaee of Z there is a unique solution T to the equation

equation system

fZr = g;

LHr = O;

if and only if

i) rank f~1 = c;

(B:la)

(B:lb)

ii) no linear eombination of the rows of H is a linear eombination of the rows

of Z exeept the null veetor.

Proo!
We first prove the necessity of the proposition. The equation system (B:1a-b)

is rewritten

{ -~-} T = {-~-} ,. (B:2)

Suppose there is a unique solution to this equation system for every g in the

column space of Z. It then follows that the columns of the matrix {-~-} are

linearly independent whieh implies the first eondition of the proposition.

Premuitiplication of (B :2) by {Z'! H} gives

(Z'Z + H'H)r = Z'g;
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As the rank Of{-~~ is c theinverse of (Z'Z + H'H) exists. The unique solu
tion to (B:3) and (~:2) is

T = (Z'Z + H'H)-l Z'g;

The general solution to (B:l a) is

(B:4)

(B:5)

where k is an arbitrary ex 1 vector and Z - a gl -inverse to Z, (see nate p. 140).

As (B:4) is a salutian to (B:2) it is also one of the solutions (B:5) and tor

every g there is a Z- and a k which satisfy

(B:6)

Premultiplication by Z gives

(B:7)

(Z'Z + H'H) -1 Z' is thus a gl -inverse to Z, Le.

By definition it is true that

(Z'Z+H'H) -l(Z'Z+H' H) = I;

and

Premultiplication by Z gives

If (B:'8) is used (B 10a) can be rewritten as

Z + Z(Z'Z+H'H) -lH'H = Z;

(B:8)

(B:9a)

(B:9b)

(B:10a)

(lOb)
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It follows that

(B :11)

If (B:9b) is premultiplied by H'H, (B:11) by Z' and the resu!t is added side by

side, the following expression is obtained

H'HZ-Z + (Z'Z+H'H)(Z'Z+H'H) -lH'H = H'H ;

which itnplies

(B:12)

(B: 13)

After premultiplication by H'H (B :9b) can now be reduced to the following

expression if (B:8) and (B:13) is used

H'H(Z'Z + H'H) -lH'H = H'H; (B:14)

Le. (Z'Z+H'H) -lis a gt-inverse to H'H. However, (Z'Z+H'H) -1 is a symmetric

matrix of full rank which satisfies the conditions of a »Moore-Penrose inverse».*

We write

(H'H)g = (Z'Z+H'H) -1 ;

For a Moore-Penrose inverse it is true that

(B:15)

(B:16)

where Hg is the Moore-Penrose inverse to H (see for instance Pringle & Rayner

[1971] p. 6). (B:11) can now be written

(B:17a)

or

(B:17b)

..
" Ag is a »Moore-Penrose inverse» to A if the following four conditions are satisfied:

a) AAgA = A; b) AgAAg = Ag; c) (AAg)' = AAg; d) (AgA)' = AgA.
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but (Hg)'H'H =H and thus

(B:17c)

For any vectors u and v such that u'Z + v'H = O it is true that u'Z = v'H = O,

because from (B: 17c) and the definition of a Moore-Penrose inverse we obtain

(B:18)

Le. condition ii) is true.

It has now been proved that the two conditions i) and ii) are necessary. It

remains to show that they are also sufficient.
Suppose H is chosen such that i) and ii) are true. From the first condition

it follows that the columns of {-~-} are linearly independent. If a solution

exists for every g in the column space of Z it is thus a unique solution. From

i) it also follows that there is an inverse to the matrix (Z'Z +H'H). There is

thus a unique solution (B:4) to (B:3). To prove that this solution is also a

solution of (B:2) we observe that (B:I0a) can be written as

{Z(Z'Z+H'H) -1 Z' - I} Z + {Z(Z'Z+H'H)-1H~ H =O; (B:19)

Because of the second condition ii) it follows that (B:11) is true. After in

sertion of(B:11) into (B:I0a) we find that (Z'l+H'H)-lZ, is a gl-inverse to

Z which shows that (B:4) is one of the solutions (B :5).

After premultiplication by 1-1 and rearrangement of the terms (B :9b) can be

written

Because of condition ii) it follows that

H(Z'Z+H'H)-lZ'Z = O;

(B:20)

(B:21)

To see that the solution (B:4) satisfies the constraints (B:1 b) we only have to

observe that

H7= H(Z'Z+H'H)-lZ'g = H(Z'Z+H'H)-lZ'ZT = O; (B:22)

This ends the proof of sufficiency and the whole proposition B:1 is proved.
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Three corol1aries follow.

Corollary B:l. If the constraints (B:1b) are chosen such that the conditions

i) and ii) are satisfied, the unique solution to (B:2) is

r = (Z'Z+H'H)-lZ'g;

This corollary follows from the proof above.

(B:23)

Corollary B:2. Matrices Z and H which satisfy the conditions of proposition

8:1 are complementary.

To prove this corollary we first remember that rank Z is r and that Z and H

toth have c columns. Suppose in addition that rank H is s. The rows of Z

then span an r-dimensional space and the rows of H an s-dimensional space.

Because of condition ii) the rows of the augmented matrix {-~-} span an r+s

dimensional space. From condition i) it then follows that r+s=c and that Z

and H are complementary.

Corollary B:3. The condition i) and ii) in proposition 8:1 are equivalent to

the fol1owing conditions

i) rank { -~-} = c;

iii) rank Z + rank H = rank {-~-} ;

A.s we have already shown that Z and H are complementary, the necessity

of corollary B:3 is proved. 1fthere were vectors u and v, such thatu'Z+v'H=O,

but u'Z:j:O and v'H:j:O, then rank {-~i is less than the sum of rank Z and rank

H, which is contrary to condition iii). iii) is thus a sufficient condition for the

truth of ii). The sufficiency of the whole corol1ary is then proved.
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APPENDIX C

SOME PROPERTlES OF LEAST SQUARES REGRESSION W,ITH
INCOMPLETE MODELS NOT OF FULL RANK

Proposition c:r
Given the model(S :94 and the support models (S :9S) and (S :96), if H11
= H21 = Hl; H12 = H2 and H23 = H3 then the least squares estimate of
an element of T1 is a weighted sum of the elements of the least squares

estimate T11 and f'21 and the least squares estimate of T2 (T3) e.quals the least

squares estimate f'12 C?23) plus a weighted sum of the elements of 711 and ~21 .

Proot

The normal equations to the model (S :94) are

Z~lZ11 + Z;l Z21 + H~Hl: Z~IZ12 + H~H2: Z;l Z23 + H~H3
---------------T--------r--------
Z~'lZ11 + H;H 1 : Z~2Z12 + H;H2 : H;H3

Z~~7~H~~-----r~H:----ri~:~~~~

(C:1)

and the normal equations to the two support models are respectively

and
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Z~2Z11 +H~2Hll);11 + (Z~2Z12 +H~2HI2)712

N
0\
-J:::..

71J

, , ~ , , A , , A , , A I, , , I, , I, ,
Z11 ZU +H11 H11 )711 + (Z11 Z 12 +H 11 H I2 )712 + (Z21 Z21 +H21 H2d721 + (Z21 Z23 +H21 H23)723I (ZU Z 11 + Z21 Z21 +H1H1)_J : ZllZ12+ H I H21 Z21 Z23+ H I H3

1 I I
I, ') " I 'I (ZI2 Z 11 + H2H1 -J I Z12 Z12 + H2H2 H2H3
1 I I

, , "'" , , ~ I" I ' I, +'
(Z23Z21 + H21 H2d T21 + (Z23 Z23 + H23 H23 )723 I (Z23Z21 + H 3H 1)_ T I H3H2 I Z23Z23 H3H

(-oj-l;

(C:4)

, , A I
I I I

, , '" I , , A I
Z;I Z23 + H;IH23);23' IZllZU +H 11 H 11 )7111 (Zn Z I2 +H 12 H I2 )712 I (Z21 Z21 + H21 H21 )721 I

1 I I
, , A I

(Z~2Z12 + H~2H12);12: S
I

1SZ12 Z 11 + H12 H11 )T11 I S' O 1 S O
I

I
I I I
I I I I

~ I __ OJ-l71J =

, , ,. I , , A I
( , ') IZ11 Z12 + H 11 H I2 )T12 I (Z11 Z 12 +H n H I2 )712 : Zn Z 12 +H 11 H 12 +k I

I
I I k2 I

, ,'" I ' ,'" I =L (Z~2Z12 + H~2HI2)+k : S II J\

Z12 Z12 + H 12 H12 )712 I S· = (ZI2 Z 12 + H 12 H 12 )T12 I S 712k;
I I k=1

I
I

H;3H 12 ;12
I

(H;3H12)+k
IO I I I

(C:5)

(C:6)

J\ kl
71J = L

k=1

, ') IZn Zu + H 11 H n +k I

I
I

Z~2Z11 + H~2H 11 )+k I S
I
I

O I
I

A J kl
Tllk (-1) -1+ L

k=l

') I(Z21 Z21 +k I
I
I

O I S

I
, +' ) I(Z23 Z21 H23H21 +k I

A

721k(-l)J-l (C:?)



(C:2) and (C:3) are now substituted block by block inta the vector to the

right of the equality sign in (C:1) and the resulting normal equations are

solved by using Cramer's rule.

The following notations are introduced:

~J = the J·th element of the vector ~, i=1,2 and 3.

t11k = the k-th element of the vector t ll .

i\.nalogous notations are used for 712, 121 and 723'

(A~k = the k-th column of the matrix A

(Atk = a matrix of all columns of A except the k-th

The' expression for 7' is obtained from Cramer's rule as given in (C:4).

Following elementary rules of matrix algebra the determinants in the numerator

can be written as a sum of four determinants, each with the last three blocks

of the nume'rator determinant in (C:4) in common. To simplify the notations

the matrices formed by these three blocks are denoted by S. The new expres

sion obtained for 7\ is (C :5). Before the same elementary operation is repeated

on the determinant in the numerator of the second term of (C:5), we nate that

H;3H~2~~2 = O because of the constraint imposed on the least squares estimates.

The result is spelt out in expression (C:6). If it is true that Hu = Hl ; Hl2 = H2;

and H23 = H 3 ; then it is easy to see, recalling the definition of S, that each of

the determinants in (C:6) vanishes because two columns in each determinant

are identically the same. The second term in the sum (C:5) thus vanishes and

in the same way it can be proved that the fourth term vanishes. The expression

for TiJ can now be simplified to (C :7). To obtain 1'lj in this form the same

operation as above has been used on the determinants and also the homogeneous

constraint on ~21 which implies that

(C:8)

(C:9)

Alternatively the constraint on Tu could have been used.

The two terms with k=J are separated from the remainder and (C:7) is re

written as

?IJ = WIIJ'1llJ +UJ.2llf21J + L (Wl1 kjnk + W21k72Ik),
k

k*J

where Wl1k and W21 k are weights equal to the ratios of determinants in (C:7).
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If again

we find that

WllJ + W2lJ = 1; J=l, ... ,k l

(C:10)

(C :11)

(C:12)

Following the same procedure as above it can be shown that if (C:IO) is

true then

(C:13)

(C:14)

Wijk and Wijk are weights built up from determinants of the same principal

structure as those in expression (C :5). By pairs these weights add up to zero.

End ofproof
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In the complicated and technical process of present day collective

bargaining comparisons of wages and salaries are done by more and more

refined methods. Similar comparisons are central both in professionai

and political debate about income distributions and inequality in standard

of living. Studies in the structure of earnings are also important for the

analysis of consumption and savings behavior and for educational planning.

In this study two different (but related) approaches are suggested for the

analysis of earnings data. The first approach is a combined time series and

cross sectional analysis of age-earnings profiles by educational

qualification, the second is a more detailed investigation of the earnings

structure in a cross section. As an illustration they are applied to salary

data from Swedish industry.

A profile for a cohort of employees is obtained as the sum of an initial

salaryand successive salary increments. These increments are explained

by a general salary increase, an increase due to experience and an increase

due to age. The applicability of the profile model is illustrated by a

comparative analysis of profiles for employees with various educational

qualifications, including calculations of life-time salaries.

In the cross sectional analysis salary differences are estimated due to job,

branch of industry and cost of living area in addition to age and education.

Furthermore, the stability of the salary structure is investigated in a

comparison between four cross sections from the period 1957-1968.

In the book there are also included chapters on institutionai background,

labour composition and mobility and the statistical data used.
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