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INTRODUCTION 

Human societies generally do not develop according to a linear evolutionary 
pattern. Wh ether we look at wealth, inequality, or politica! institutions, a 
universa! pattem of societal development is hardly discernible. However, there 
appears to be one major exception to the Jack of a universa! pattern: in all 
societies and at all times, the educational distribution seems to be expanding 
upward. Wherever we go and whenever we look, more recently born cohorts 
always have a higher level of education than previous ones. For example, in a 
previous study by one of the authors, camparing educational distributions of 
cohorts in thirty countries throughout the twentieth century (Ganzeboom & 
Treiman, 1993), it was found that in each society the trend in educatiotial levels 
was generally upward, with very few exceptions for wartime cohorts in lower 
developed countries Iike Turkey and India. 

In this chapter, we set out to investigate the mechanisms behind educational 
expansion. Several mechanisms can be suggested. At the macrolevel, there are 
two competîng views of the causes of educational expansion. Neoclassical 
theories in economics as well as functionalistic theories in sociology tend to 
attribute the rising levels .of education to a rising demand in the labor market for 
higher educated, more productive workers. According to these theories, one 
would expect a strong and causa! relationship between industrial and economie 
restructuring on the one hand, and educational expansion on the other, while 
educational expansion should follow patterns of industrial development. This 
"modernism thesis" has been criticized by many: ample research shows that 
occupational distributions tend . to react to varia ti ons in the educational stock 
(instead of the other way around), and even that only at some distance. 



Thcre is strong cvidence for the existcnce of nn autonomous mechanism of 
educntionnl expnnsion. which is not dircclly rclated to dcmand in the labor 
market. Rndical suggeslions allude to status competition between countrics and 
imitation between countries as thc primary drives behind educatiehal expansion. 
Whilc such suggcstions have their merits, they are difficult to test quantitatively. 
At thc microlevcl, a more acceptable view holds that educational expansion is 
the unintended consequence of what economists (Thurow, 1975) refer to as job 
competition, and sociologists as status competition. In each version, the basic 
underlying mechanism is that students abserve the economie or social value of 
eertaio diplomas in society, and decide that it is rational forthem to push on toa 
subsequent level in order to compete effectively with the existing educational 
stock. Whether this explanation is phrased in terms of job competition or status 
competition makes very little difference for the result that for memhers of the 
next cohort it is always rational to continue school longer than for the previous 
cohort. 

Our long-term project aims to investigate and understand the mechanics of 
educational expansion. Research on educational expansion should address the 
main explanatory questions on the development of the educational distribution. 
Three main issues stand out in this context. First, countries-and episodes
vary in the speed of educational expansion. In some countries educational. 
expansion takes place rapidly, in others it emerges more slowly. Under which 
conditions can a high speed of development or near stability be expected? 
Second, an important observation is that as the distribution of the popuiatien 
over educational levels in a society expands, the form- and in particular the 
dispersion-of the distribution may change. In some countries, educational 
expansion implies that the distribution rolls up from the bottorn (i.e., in each 
new cohort a smaller number of lower educated appears, while the number of 

. higher educated does not rise proportionally). In other countries, the pattem is 
the opposite: educational expansion implies that the number of higher educated 
expands faster than the number of lower educated. As a consequence, the 
dispersion of the educational distribution declines in the first case, and increases· 
in the second case. A model of educational expansion should be able to account 
forthese different patterns of development. Finally, there is the issue about who 
gets better access to higher education when education expands. A general 
pattern, found around the world, is that the children of higher status background 
(often best indicated by parental education) are better equipped to make a grade. 
An obvious question then is, does educational expansion change the chances of 
success of children from high-status background relative to those of less
privileged background? 

Our long-term aim is io elucidate and cover all these issues by following a 
dual-track analytic strategy. First, variations in educational expansion are 
assessed in a data-analytica! model by camparing survey results from a large 
number of countries and by relating the cohort-wise differences to empirica! 
macroindicators. Second, we want to understand the underlying mechanics of 
educational expansion in a simulation model that ruimies the real world closely, 

but lntr<>duces only u lhnited number of simple ussumptions to reproduce the 
rcal worlel While our tïnal aim is to combine data-analytic and simulation 
moelels into onc analysis and use this model to deal with all three issues on 
educational expansion outfine above, the aim of this chapter is much more 
modest. We build a simulation model for educational expansion that exploits the 
simple assumption that expansion occurs because students, who are in school, 
campare their expected final outcomes to the existing stock in their society, and 
try to compete with the older cohorts by staying in school for a Jonger period. 
The basic drive behind educational expansion is a simple process of status 
comparison. The aim of this chapter is to codify this assumption in a simulation 
model that can account for at least one empirica! result, namely the changes in 
the educational distribution of the Netherlands over the past century. 

The data we use to calibrate our model are taken from some twenty surveys 
that are part of the International Stratification and Mobility File (ISMF) 
(Ganzeboom & Treiman, 1993). This "superfile" collects and standardizes 
survey data on social mobility (i.e., data on occupations and educations of 
parents and children) from countries around the world. The subsample for the 
Netherlands in the ISMF is particularly large, due to the fact that more than 
twenty surveys have become available for comparison. These surveys were 
conducted between 1958 and 1997. However, the birth cohorts contained in the 

Table 12.1 
Percentage of Achieved Education.in Different Birth-Cohorts in The Netherlands, 

1900-1975 

Cohort Primary Presecondary Secondary Tertiary N 

% % % % 

1900 -1904 67.1 18.9 8.4 5.6 579 

1905 - 1909 61.0 20.0 10.9 8.0 792 

1910 -1914 61.1 23.9 8.5 6.5 1,268 

1915 - 1919 49.8 28.6 12.6 9.1 1,675 

1920 -1924 44.6 29.8 15.5 10.1 2,479 

1925- 1929 38.0 32.2 18.8 11.0 2,998 

1930- 1934 33.6 34.1 18.8 13.5 3,386 

1935 -1939 27.8 35.6 21.4 15.2 3,619 

1940 - 1944 20.2 39.4 23.4 17.0 3,923 

1945 - 1949 14.5 40.4 25.5 19.6 5,170 

1950 - 1954 13.5 36.1 27.7 22.7 5,308 

1955 ~ 1959 10.3 33.3 31.7 24.7 4,987 

1960- 1964 6.8 28.8 39.0 25.5 3,602 

1965 - 1969 4.8 26.7 43.5 25.0 2,406 

1970-1 974 2.9 21.2 45.8 30.0 1,170 

1975- 1979 2.5 17.8 44.8 35.0 326 

N 10,043 14,389 11,232 8,023 43,687 
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subsequent level in order to compete effectively with the existing educational 
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main explanatory questions on the devclopment of thc cducational distribution. 
Three rnain issues stand out in this context. First, countries-and episodcs
vary in the speed of educational expansion. In some countries educational 
expansion takes place rapidly, in others it emerges more slowly. Under which 
conditions can a high speed of development or near stability be expected? 
Second, an important observation is that as the distribution of the population 
over educational levels in a society expands, the form-and in partienlar the 
dispersion-of the distribution may change. In some countries, educational 
expansion implies that the distribution rolls up from the bottorn (i.e., in each 
new cohort a smaller number of lower educated appears, while the number of 
higher educated does not rise proportionally). In other countries, the pattem is 
the opposite: educational expansion implies that the number of higher educated 
expands faster than the number of lower eclucated. As a consequence, the 
dispersion of the cducational distribution declines in the first case, and increases 
in the second case. A model of educational expansion should be able to account 
for these different patterns of development. Finally, there is the issue about who 
gets better access to higher education when education expands. A general 
pattern, found around the world, is that the children of higher status background 
(often best indicated by parental education) are better equipped to make a grade. 
An obvious question then is, does educational expansion change the chances of 
success of children from high-status background relative to those of less
privilcgcd background? 

Our long-term aim is to elucidate and cover all these issues by following a 
dual-track analytic strategy. First, variations in educational expansion are 
assessed in a data-analytica! model by comparing survey results from a large 
number of countries and by relating the cohort-wise differences to empirica! 
macroindicators. Second, we want to understand the underlying mechanics of 
educational expansion in a simulation model that mimics the real world closely, 
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cátegorlzing : thern in four-·classes ('primary I presecondary, secondary I and 
tertiary)l and organizing the birth cohorts by five year widths1 Tab ie 12.1 shows 
the pattern of educational expansion for the Netherlands in this century (for 
men): we see a sharp decline in the number of Jower educated and a 
considerable increase of the number of higher educated. These simple data are 
our main benohmark here: how can we account for the specific pattem of 
educational expansion that has occurred in the Netherlands in the twentieth 
century? 

A SYSTEM DYNAMICS MODEL 

By simulating social phenomena . researchers in the sqcial sciences make 
fruitful use of the jdea of systems science (Von Bertalanffy, 1952; Bouldirig, 
1956; Klir, .1991) Jhat'.sociàlphenomeila can; he analyzed •as ·(social) system~:. 
Especially the time-dependent interaction between the parti of, a system tan' he 
made explicit in ;this way" To deal with' the complèxity of'this interaction 
system; researchers make use of ~omptiter-aided model building. The logiéal 
basic for such tóols is laid downinthe theory óf dynamic systems. In this theory 
the concept of feedback (Wiener, 1948) is used to expressthe idea thäf::ih~(· 
interaction between parts of a system is reciprocal~thál- i~, that a part. ofá '·.· 
system influences; at time ~~ another part, and at time t1 the other way•around. · 
These feedback-regulated rnodels can be mathemati<;ally expressed in recursive ·' 
difference (i.e., , diffèrential) ëquation~ and the11 fqrm_ali:(:ed in compvter·' 
algorithm's (forrest~r, 1968;Hanneman, 1988;Levine &.fitzgerald, 1992; Van \ 
Dijk,um, 1997; · Haéfn~r; 199()). · Usèr-friepdly software such as · ITHINK · · 
(Petersori & Richl)llond, 1994) can be used to handle the computer models, whi!è · · 
softwate like MADONNA (Zahnley, 1996) makes it possible to engage'jn · ·. 
advanced simulation experiments: 

With the aid pfthis software we canthus develop a sophisticated dynamic 
módd .of educatiönal expansion ' which · seéihs· to respect its · complexity. Our 
systen1 dynamics model in Figure 12.1 consists of three submodeJs. whiçh' ~imic 
the .population system, the education system, and the choice :system. A set of 
startingvalues of parameters . repres~nts the state of affairs (of the society) at the 
r11acro ·level. In the'· simulation model, four.levêls ·of educatioti are distiriguished:. 
primary, presecon~ary, secondary, and tertiary. The levels are e,lements óf'tfiê ' 
population submodel, the education submodel and the choice submodeL In the 
next·sections the submodels are explained. 

Society Parameters 

T~ start with: .the society parameters represent pres~t starting values. The 
population of the Ne.therlands in 1900 was, 'for example, four milliori people. 

. • •· . . T ... . ' 
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The Popuiadon Submodel, the Educatlon Submodel, and the.Choice Submodel 

Popuiatien Submodel 

01oice Submodel Educatiolil Submodel 

The . simulation covers t~e period from 1900 tg 2020., 11).· this period the 
compulsory ptimary educátion . in the Netherl.ands .is supposed-to ·be si x sch,ool 
years. The average duration of the primary, presecondary, ·secondary, and 
tertiary education are 6, 3, 3 and 6 years, respectively. As, a consequence the 
average ages on which one leaves school receptiyely are, 12 (primary); 15 (high 
school}, 18 (college), àli.d 24 (~niversity). 'l;he_last (highly a.rtifiQial model) 
assumption was .that nobody has á.child beforethe age .öf25 .•• In this way the 
minimal duration of the period people ·Jive without a cfüld is 'determined: .13 
years for people .with only primary education, 10 years ' for people with 
pre'secondary educ·ation, 7 'yéars for th~ college student, and 1 year for. a 
university student. 

The Popul~tif>J1 and Education Stlbmodels .. 

The popuiatien and education subfiodels form the core of the; simulation 
model also because of the interaction between tnese submodels. The population 
m~ctei , is the inputtor the education model,_ where,a.§ m.ep1t~tP.9t.pf the èctl1cation 
modelis the inputfor ihe pópulation model. Figure12,2 is usèd to dë'scribe these 
subrnodels in detaiL 

· In this· figure three parts are to be identified: the population submodel, the 
eduêation submodel, and in-between.the six years of ag~ (four dliRses): Viewed 
in more détail,the figure consists 'Qfriiariy n~ctangt,es andarrows, Each numben~d 
rectangle repteseuts acategory of a group. As aó:~}èftmple:nu,r:pber· 2L represents 
a group of children(of. a primary educated _father) leaving;school with only 
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prlmnry school as t\ qunlifieation. ln this rectangle onc can also find abbrevia
tions of subgroups in each cutegory. For example tp stands for those children 
who have a father with tertiary education, who themselves did not reach further 
than primary education. These subgroups are important to analyze mobility 
between classes. 

There are three kinds of arrows: solid, shaded and da'shed. Solid and shaded 
arrows represents throughputs. A solid arrow indicates that the whole group 
flows from one group to another (for example group 1 to group 2). A shaded 
arrow indicates a splitting, one part flows to group A, another part flows to 
group B. Dashed arrows represent the origin of a flow. 

The Population Submodel 

We start with the description of the population submodeL Three groups are 
to be distinguished in this model: sons, fathers, and "fathers who are too old to 
give birth to a son." The groups of fathers and sons are split into four education 
classes: primary, presecondary, secondary, and tertiary. In between these classes 
function three flows : (1) the inflow from the education model; (2) the through
put from sons to fathers; (3) the outflow offathers to "fathers whoare too old." 

The first inflow, from the education model, feeds the population model with 
sons of different degrees of education. Those sons will mature, and after their 
childless period they will become fathers in turn. The duration of this period is 
determined by the preset society parameters. When sons become fathers they 
move a column to the right and then belong to the population of fathers. 

From each category of fathers two arrows start The shaded ariow refers to 
the group of "fathers too old," because there will be a time that fathers do not get 
a son anymore. The dashed arrows are the sons of the fathers who are six years 
of age, and represent the input of the education system. 

The number of fathers together with the degree of their fertility determine 
the number of six-year olds. Our (arbitrary) assumption is that the average 
number of sons a father has, is the same for each level and is to be estimated by 
1.82, that is each year (during the twenty years fathers do get sons) the chance to 
get asonis 0.09. 

The Education Submodel 

These sons mature and will enter the education system at age six. This means 
that the education system is coupled to the populatiori system with a delay of six 

years. 
Mobility between classes is in our model only possible in the education 

system. At birth sons belong to their father's class, but after leaving the 
education system their achieved class depends solely on their highest diploma. 
Thus, for instance, sons from the highest class may achieve less education than 
their fathers, and drop out of their class (e.g., from tertiary bom to presecondary 
educated). 



.At the age . óf iix they. ~iiroli in tbe ,educi Îëon system. Thelr fir.st opportunity, 
for ·leav!ng lt is after graduating primaey school at the age of twelve. In Dutch 
ti'istory, this graduation produced for a lo.ng period the differertce between 
classes. However, because of the .long period of compulsory education in the 
Netherlands, the majority nowadays will seek further education. Thus, after 
finishing presecondary education at age fifteen one has to choose again. 
Graduating from secondary education gives the opportunity to enroll in tertiary 
education levels at age eighteen. At the age of twenty-four students (in this 
model) leave the education system. There are no 9pportunities for . fur.ther 
education, which reflects the structure of the Dutch. education system. 

The outflows of the education system are the inflows of the population · 
system. For example, students . who stop aftet a secondary education are the 
inflow of the secondary class of the education system, and will after some delay 
become fathers ·• The •saffie is true for the· other types. of edueation, and thus the 
ei rele will be closed: the education system. influen(),y~' thi:,po.pûlatiqil 'syst~mand 
the pop~J:lation s.xstem ·influences thé educat~()fl system: · · 
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There ar~ • three moments ofchoice in thesimulationrnodel: .(l).after,pfÏ,ttiatY 
education the cho.ice for presecondary e(iucation;' (2) :: after preseconci'ary . 
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Fathers .with Pritnary Edqcation and for Sons of Fathers. with;fl!rtiary Edqcatio# ··. 
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edueadçn .. the_ .ch~')iÇe .. fe>r' se·c·ondary e~uc:a~iol'li ~3)and. finally 'after seconduy 
educatioillthe'·c:hoice fortertiary educatjon. ' 

Our first assumption is that there are differences in throughput for each 
education class. Probab!y' more sons of high class will enter tertiary education 
than sons belonging to low classes. That assumption leads to 3 (choices) x 4 
(educational classes) = 12 choice submocjels. Our seèond assumption is that 
former cohorts will influence the choice of the nextcohort. That assümption can 

be entered in thesesubmodelsasshown in Fi&ur~)2,3. _ < . ·.··· ·. ·.·.·.·. ·. . ·•·· .. · .. · ·••····· 
.The parameter which is modeleq is . t~e •. prpiortiq~ ( in ffigure ·J:f,} 

''throughp\:lt to tertiary school'} th~t ''flows••; in 'a year t.o thé nexf level of 
education. Our first assumption implicates thaf for each class a different graph 
has to beusçd. As aconsequence two class graphs are plotted in Figure 12.3: 
one for th~iprünaryclass and one for the ·. tertiar'l class. The s~condassumption 
h~s as a consequence that fro·m t~e · (through~ut) pro~ortion of a-: förmer ·cohort 
(arpitrarily,.determined as thrêe years ag9) plotted on thé horîzcintaï dîmension, 
the graph wil! determiné \Vhai (thtoughput)proportion will r~suit för thé cürte~t 
cohort. For ihe primary class we have plotted, as an exámple, that the throughput 
wilt remain. the same: . In the graph for tertiary education our third .assumptionjs 
pictured.That assumption is that the next coh()rt will try to reaçh as far or farther 
than the forrner cohort. . . · 

\VHICH CUOiCE MODEL IS ADEQUATE.? . ' - ,, ·· :- .. , ·. ·.·.,· . .'-: ' · .. '_ ,.. . . " '' : ' 

. , 

Figure l~~4 · · 
Prop<l~ii()p)Vitli:Qnly PtiJiîal'y .Ellucation l)f Birtll·Cohorts inthè Netberláîld$, · · 
1900·1975 , , . , . 

TIME 



, Ftaur11 u.s.. . ,,, · l , ''":';,, 

Proportton wtth Only Pruecondary Educatlon.of Btrth Cohorts·tn the Netllerland•, 
1900-1975 

Proportion 40 
wlth only 
pre· 
secondary 35 
education 

30 

20 

1910 
i"' 

1920 1.930 1940 · · 1 às.o 1960 1970 ; 1980 
,:' ' ., ... · 

TIME 

lt is of .course crucial which graphs \Yy select for our c)loice modeL To get a 
I • ·) , • • '• · .. • • , > 

realistic model we confront the outcome öf the selected choice model with 
empirica( date from the Netherlands, For the period 1900-1975 these dà.ta 
representthe distribution of education ·levels and are. characterizeä with graphs 
such as are shown in Figures 12A and 12.5 (these figures are based on the 
nuJ!Ibersas presented in Table 12.1). 

Fitting with a Linear Model 

In a first series of experiments we selected ,the most simple type of gTf!ph: a 
linear relation between the "propottions ofthroughput." That linear ielatiüll' can 
var;y, as is shown iÎt Figure 12.6, 

If the throughput stays the same we cari usethe graph in the diagönal (y=x). 
But we assurne that in most of the cases the next cohort is reachinghigher tharî 
the former cohort. Thatmt:ans . that g~aphs · àte selected in the upper diagonal area 
of the rectangle { (0,0),(1 ,0),(1 ;I ),(0,1)). Moreover, we assumed thil.tthe higher 
the class the stronger the drive tó r~ach farther-that is, for a higher class we 
took the graph .which started higher in the vertical dimension, and as a 
consequence was less steep. Firially,. we have ·done experiments ·with the ruk 
that coming higher in the level of education makes the drive stronger tó move 
up. 
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Several Ltnear Relatlons Between New and Old Throughput 

1.0 
... . 

0.5 

proportion new 

~.:>r<· ·l j:· , 1 

0.0 0.5 1.0 

propórtion old 

Figure 12.7 . 
Fitting Presecoltdary Educlitio~ with a Linear Choice Model 
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Tntest all these nssumptions we con1purcd tl1c nutcomc of thosc cxpcrimcnts 
with thc portraycd empirica! data. A typical outcomc of such comparisons is 
givcn in l' igurc 12.7. 

It is at thc samc time t.hc most difficult data to fit. Contrary to thc othcr time
dependent proportions, which are monotonously decreasing or increasing, this 
proportion is going up and down (i.e., is passing a maximum). To choose values 
of parameters which produce outcomes (shown as perc_ps) which are 
reasonably close to the data (DATAl) seems possible. However one cannot 
realize with those values that the model passes a maximum'. Moreover, the fit 
between data and other proportion variables, such as the participation in primary 
education, is poor and can only be optimized at the expense of the fit between 
other data and variables. Besides, this condusion does not take into account a 
possible ordering between the different parameters, such as has been discussed 
in the section "The Choice Submodel." But that is not necessary: lt can be 
shown whatever ordering is presupposed between parameters, the optimum of 
combination of values of parameters cannot produce the passing of a maximum 
such as has been found in the data. Herewith our linear model is falsified in a 
qualitative way. 

Fitting with a Logistic Relation 

That leads us to the idea that the graphs in our choice model have to be 
nonlinear. Reasoning about the dynamics of our model, in which the growth of 
the population is exponential, we thought that the most adequate graph is the 
logistic one (see Figure 12.8). 

The development of the logistic curve can be seen in the rectangle { (-
1 ,0),(1 ,0),(1 ,1),(-1 ,1)}. We u se the right part of this rectangle and in this area we 
prefer those graphs which are located above the diagonal between (0,0) and 
(1,1). For those logistic graphs two parameters are used: (1) sis an indication of 
the slope s * of the graph; (2) i is an indication of the point of intersec ti on i* of 
the graph. With these parameters our logistic graph can be calculated by the next 
formula: 

proportion_new = --,---------'"' 
( e(s*proportion _ old+i) + 1) 

For each flow from one education group to another a different graph can be 
used as well as different values of the related two parameters. This results in 
twenty-four parameters. 

With these parameters experiments are done to mtmmtze the distance 
between the outcome of our model and the mentioned data. However, the values 
of the parameters cannot be arbitrarily chosen. Some values make sense for our 
reasoning about the model; other parameter values which could minimize the 

Fi~turc 12.8 
A Lo~istk Relation Ht'lw'~~m Old nnd Nt~w I•roport.ionof Throu~hput. 
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di stance cannot be justified so easily, for example, because there is no 
throughput at all during the simulation period, and thus have to be rejectcd. 
According to the fitting experiments, and in line with acceptable graphs, the best 
paramet~rs give rise to the following fitting situations, as shown in two 
examples, pictured in Figures 12.9 and 12.10. 

Figure 12.9 
Proportion Primary Throughput in Model (perc_p) and Data (datal) 
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Different values of parameters lead to a set of choice graphs. Most of these 
graphs are according to our idea that each generation tries to come further than 
the previous generation. The graphs are located in the area above the diagonal in 
Figure 12.8. Moreover, there seems to be a system in the ordering of the graphs. 
The slope of the graphs (its indicator s, respectively -9, -13, -41, -70)2 

representing the throughput to presecondary is steeper the higher the class of the 
father. That can be interpreted as the idea that the higher the class the more 
chance to reach presecondary education. For the next education level the same 
interpretation can be used. However in this case it is not because of the slope of 
the graphs (sis constant at -12), but because of the moving of the graph toa 
more favorable area (i as indicator, respectively 4, 2, 1.4, 0). For the tertiary 
education level the point of intersection also moves more to the right (i as 
indicator, respectively -3, -2, 2.7, 5), thus also in this stage of an education 
career, the higher the class the higher the chance to attain a university education. 

However there are two interesting exceptions to our line of reasoning so far: 
the graph of the throughput of primary to secondary; and the graph of the 
throughput of tertiary to tertiary (see Figure 12.11). Here are periods in which 
the throughput is less than it was before. 

The first hypothesis to explain this result is: it is an artifact of our model. lt 
seems unlikely, but we cannot completely eliminate this possibility. However, 
another system-dynamics-oriented hypothesis is thinkable. To come to a system 
in which an in-between-class-such as the presecondary ciass-at first rises to a 
maximum and subsequently goes down to a lower stationary value, negative 
feedback is necessary. An empirica! interpretation of the result is that for the 
lowest class the achievement of the presecondary level is historically viewed 
successful, but for the next step, to the secondary level, the educational career is 
initially inhibited because a threshold is working. However, when enough 
memhers of the primary class have overcome that harrier, the educational career 
will be enhanced by positive feedback. For the highest class the interpretation 
can be that, historically viewed, achieving the tertiary level was initially not 
stimulated. 
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There are other relevant outcomes of the model. One of these is the achieved 
average education in years (Figure 12.12). The increase is between seve~ and 
fomteen years, according to the empirica! study of Ganzeboom & Tre~man 
(1993) . In this way our model adequately produces the speed of educatwnal 

expansion. 



Average Acbieved Educatlon in Years tor Sons, 1900-1975 

14 

13 

12 
(I) 
c 
Q 11 
(I) 

I 
:1 10 
'C 
Q) 

I 
:> 

9 
cc 

8 

7 

6 

1917 1925 '1933 1942 1950 1958 1967 1975 
TIME 

Another aspect of educational expansion is the dispersion of the achieved 
education in the .. COl!rse of time. Concerning that variabie our fitted model 
p~oduces t~e outcorne such as has been pictured in Figure 12.13. As a pattem it 
gtves the nse and .f~ll of the standard deviation and in ·this way it adequately 
represents the empmcally found educational inequality (Ganzeboom & Treimari . 
1993). Our model is thus verified in a qualitative way. ' 

Figure 12 .. 13 

Development of the Standard Deviation of the Achieved Eduêation in Years 
1900-1975 . ' 
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WHAT NEXT'l 

Our model can be viewed as a qualltative step towards tindérstanding the 
mechanism of educational expansion and its cömplexity. However, some of our 
ideas are still rather speculative and have to be explorcd by better simulation 
studies. More empirica! reference is needed and the model has to be falsified or 
verified with the aid of quantitative measures of fit-measures which allow a 
better discussion of the parsimony of a model than was possible in this chapter. 

The next step in our study is also to include more than one country in our 
empirica! data as well as other variables of interest. We are optimistic about the 
possibility to generate witb our model tbe empirically found .variety in (the 
speed of) educational expansion of other countries. We also think it possible 
with our simulation model to produce other variables of interest, such as realistic 
mobility tables, 

NOTES 

1. The software we used for those fitting experiments, MADONNA, can 
automatically adjust the values of selected parameters-in our case the slope of 
the lineát function-to reach an optima! fit. The algorithm which achieves 
that is the Down-Hili Simplex Algorithm (see Press et al. , 1992). 

2. The intersection point is about the same and does notmake a difference. 
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COMPLEX SOCIAL C"Y':BERNETtc·: 
1\t~ObEE$/t .. . .. . ; 

CYBERN.ETICS AND SÖÇIAL SClENCE · 

. Th~ first Applicáti()ns of Cyb~~*~~iÇs in SoèialSdençe ; , .· 
' .. ·.' ' · ' ' · :. ," , .. ::: .. . · .. .. .. .. ·,.., ,. · · ·. · . ' '.' . ·; . ·: · ... · .. · _, ,_. 

· From the bt;ginning of . gener~(systems •thêÖry- or its twi.n·, cyb~rnetics~ 
attemptswêre :made to apply .. itsconcepts. an<;I)deas to the. ~tudy of -. socia1· 
processes. Îhe ''fatherofeyp~rne~ics,'' Norhert Wiener, wrote his book on The 
ljlfma.n; ,Ose.f![ Hum(ln, 's:r;ing,s·.~ , c;yberp,et~~. a,nd s;ciety(.I950), on1y two years 
a(tet tht; .'publicaiion of: hi·~· founcta4on~;tl \vqric Cyb~m~tiçs._ or. Control and 
CÓ;nmunication .in the A~irn'al ~nrl t~e Machi~e (1948;· d~. Geyer and van der 
Zouw~n, 1994). Other wellck~()wn early applications o{ cybernetics and systems 
theory are those of TalcottParsons (1952) in~ociology andKar!Deutsch (1963) 
in politicaFscience. 

One of the criticisms. vpiced again~t the~e ~l1rlY applicatiops ;ofcyb~rnetics, . 
\\(as that the authors did tiot su:ffic)epdy t~k.è. illt«;r açèql!nt .tiJ:~ ,:SP,ecif\è .•.. ni;l~Ure of ·· 
sociai .• · system~.· syste~s O,tha~ , ~ré .. ess;~ntiat1:Y: .• dif:fè~.çnt,,rr?,~:' ~~9~îii~~il1m
mainta~ning systèms Jike; tbe thèpnostat._.· üne clf,tbe .first appli~J!~9!1·s .()f: ·ideas 
from 'gent;ral system~ the.ory .~n which the patticular characte~istic~ of social 
system~. ar(!,.~xplicitly r,eckpn.ed with, is Walter, Buckl~y's bqok_,Spciology and 

Modern :Jy~te~s Theory, pul)Üshed in 1967. .·. . . . ... . ·· .. ·. · 
Siné~ ;ftiê' Pl.l!Jlication of th!s hook, qver thiçty years pave pa:s~~i:L Classièal,_ -· 

ör first-otder, cybernetics. is. sucq~eded . by a modern, seco.nd-:orde..~; cyberi1etic;s ... ··. :
And analogous to this. devela'pment, the classica! "social .:çybern~tics" is -
succeeded by the modern ... söciocybernetics" (Geyer & van derZo11wen, 1991): 
In modern. sociocybernetics . it is wel! underst0od that social_ systems · aremore 
than boundary-maintaining, goal-seekirtg, .inpuhoutput machinès .. 'we all kno~ · 

http:TE~TIl'lCJ.OF

