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CH,\PTER I 

Frame of Reference 

Comparative education as a discipline is com:erncd with the study 
of cross-oational or cross-cultural variability in the domain of edu
ca1ion. Until the beginning of the 195o's it consistetl mainly of 
separate descrip1ior1s of various systems of education; rnany of 1he 
comparative cd11c.·uion tex1-books of tJ1at Lime consisted, with few 
exceptions, o[ a collection of chapters, each describing a particular 
nation's system of educ:ition. ln d1e fifties, parts or one system were 
placed si1e by side with similar pitrts o[ another system and were 
desa·ibeu in more detail than when tJ1e systems as a whole were com
pared. Berecby ( 1. 964.) has called this the "jux taposition" stage. The 
emphasis has been on the exchange and collation of descriptive ma
terial. Jnternational agencies such as UNESCO, O.E.C.D., l.B.E. and 
the Council of Europe's Council for Cullllrnl Co-api:rntio11, have 
helped to intensify this exchange! :md collation, with rhe result that 
t here exists a wealth o[ tlata relating to different patterns of educa
tional organisation, curricula and teaching methods. However, where 
any analyses of these d:Ha have been undertaken, these have been of 
a qualitalive nauue and usually within countries. 

It has become increasiugly evident that formal education plays 
an i111portaut part in the social, economic and technological develop
ment of a cou11try; ac the same time, the scarcity of resources l1as 
made it impossi ble both in developed and developing countries to 
~ari•,Jy 1he gTowing- cleinand fm- <'llL11....ionat ~xpansiotl and this, in 
1urn, has on<ledined 1hc need for a cri1ical jnquiry antl re-appraisal 
ol some of the education;il practices in existence loday. Amlcrson 
(1961) has inc.1ic;ued the nccu to introduce inLo comparative educa
tional studies established procedures of research uacl quantitative 
assessment, so as to gather information not only about the ••effi. 
ciency" of various types of etlun1tional systems, but also about the 
"effi6cncy" of various cducation:il pinctices within them. Bereclay 
( 196~) Loo, has e mphasised the need for ~m analytic (qllalitati\·e and 
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qu:rntitati,c) ,t:ige m comparative education-the post-juxtapos1-
tirm s1age. As a re~ul1 of suclt cros~-cultur;tl analyses iL ~hould be 
possible to draw t0nclusions on Lhe basis of in<lunive reasonmg. 

The efficiency (in terms of optimum production of lcaming
both coguiti, e and non-cognitiYe) of schools in various nations is 
attacked and de[ended usually without solid evidence tu support 
the claims o[ either attackers or defcnders.1 with the resttll that pol
ky is oft<:>n rn;1de on the basis of as~muption and impressionistic ::md 
incomplete evidence. A United States admiral, in n widely publicised 
article in 1uG5. comended that one school year in the United States 
~ol.lld he worth only two-thirds of n. school )C:al' iu Europe, but. as 
yet, no evidence has been gathered by which this impressionistic 
statement can be confirmed or rejected. The type o[ statistics which 
hnve so far been collated and classified concern "input" variables to 
the school system (e.g. statistics concerui_og teachers, buildings, finan
cial expenditure per student, curricula. etc-) but no system.atic 
measures of qualitative "outcomes" have Ileen made (cf Harbison 

ancl l\Jyers, 1964). 
Thus, in on.lcr to ex;1mine the "efficiency'' according to certain 

criteria of S),tems as a whole, or 0£ particular educational prad~ces, 
it is necessary to lta\'e measures o[ tl1e "outcomes" of tbe various 
systems. Th.is implies that internationally valid cognitive and ~on
co•snitive measures (in the Corm of tests, :lttit11de sc:iles and quesuon
naires) are used-, so th:n comparable data arc obtained about a num
ber of educational systems at tl1e same time 

Such data are of special value: 
1. when one wishes to swdy the relationship between certain varia

tions in ec.lucational pranice and educational achievement. bm 
the practices and school structures one ·wishes to comp;1re are not 
well represented within a single country, 

2 • when it is desirable to test Lhe generality or uuiyersality of a re

latiomJup that has been found in some country. 
One iUustration of the former would be an inguiry into the re-

1:nionship between the age uf commencing formal schooling an:l sub
sequent achievement. How does achievement :1t, sa)'.• age tlurle.eo, 
compme for st\lclents who entered inLO formal sc~lOolu~g ~t age _five, 

•l.:, 
~rre 

.:J
, 1·v or· ;ioc

l V 
sevenJ The uniformity

• 
of pr::icuee within a single

•'J • 

i Cf. C:arnrgic Qoar1,•1·ly. Volmne Xff, No. i:. i!)GG: "Tlw Gro~s Educalional 

l'roduu: llow Much ~r<' Swdrnls L,!aming?" 
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country :tlmost precludes any stu<ly 0£ this qut:stion within nationa_l 
bo11m.l.1ries. Jr wonltl be extremely difficult, i£ not impracticable, to 
sl"t up an experimental situation within a single country fw ther
more, it would n..:-cessitate changing many of the cultural assump• 
lions and values held by teachers, ~tudents, parents and society for 
the v:u·ions experimentaJ situations. Such variety, however, already 
exists internationally and an international slUdy would reveal the 
diversity o( practice in different councries and make data on this 
point readily anilable. 

An illustri1tion of the second type of relationship is the allegation 
t.hat boys do better than girls in certain subjects, Is this a general 
phenomenon, or is it limited to certain countries? I( the latter is the 
case, what are the characteristics of the culLUral patterns and of the 
educational systems in which boys do better and of those in which 
girls do better? 

Thus, an international study of education must centre on the 
kinds of questions chat can be answered best (or solely) by compari
sions of the achievement of sLUdents in different countries, and that 
can be answered poorly, if at all, by studies of students within a 
single country. The school systems of the world represent a series of 
environments in which human beings learn, and as a group are much 
more varied and. contain far greater differences than can usually be 
found or created in any one system. Thus, educational quasi-labora
tory situations exist in which many oE the important questions con
cerning human learning can be studied objectively. though there 
is still a great deal of difficult work involved in specifying such 
environments with reasonable accuracy and in comparable and 
meaningful ways. 

The design 0£ the international research study reported here is of 
the survey type using random probability sampling techniques. As 
implied earlier on, the survey approach has the advantage of examin
ing practices as they exist, and with the surrounding philosophies 
and values concerning Lhose practices held by the students, teachers, 
parents, and other members of society. Degrees of association between 
certain independent (input) and dependent (ourput) variables can 
be measured, as well as between certain of the independent or de
pendent variables themselves. Although it is more diUicult to infer 
cause and effect r<:>lationships than in a controlled experiment, iL 
can be argued that it is extremely difficult to set up a controlled 
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experiment in the educ-c1tion:1l field for ex::immmg cenain problems 
(cE. Carroll, 1963, Kish, 1965). For e.xample, for ~t controlled experi
ment invol\'ing an examination of streaming, it is impoxtant th:it 
teachers Le:iclling streamed classes should believe in the principle of 
strerunmg and vice-versa for those teaching non-streamed classes. In 
practice, this is difficult. On tl1e other hand, it is well known that 
there ,,;11 always be teachers of differing philosophies teaching both 
sort of classes. A survey research can look at the situation as it exists 
and evaluate streaming versus non-streaming in their va1 ious con
text~. This is obviously of more value than an examination u[ the 
problem in a artificially set-up experiment. However, it must be 
borne in mind that only e.xperimental studies allow conclusions of 
cause and effect relationships. Any notion of cause and effect from 
survey research is s1ricLly inferential. 

The present study has dra,,m from the dat:\ gathered by the JEA 
Project (see Rusen et al., 1967) where educational research centres or 
institutes from twelve counnies: Ausu·alia, Belgium, England, Fede
ral Repul.,lic of Germany. Finland, France, Israel, Japan, the Nether
lands, Scotland, Sweden and the United States, participated in a 
cross-national study of a comparison of the outcomes of mathematics 
instruction. A shon accoum of 1he history of the project, the Ini-er
national Project for tJ1e Evaluation of Educational Achievement 
(JEA), as well as the problems of choosing comparable populations 
for testing and sampling them anrl how these were overcome is given 
in Chapter !!. The instrument construction, datu collection :i.nd data 
processing are described in Chnpte1· 3. Chapter ,1 describes certain of 
the indepemlem variables used in the study presented here. 

The etlucalional practices chosen for stndy ~n the present book are 
tho;e where wide variation occurs between edurntional systems. 
They, tl1erefore, cu11cer11 Jata where a study is made o[ the relation
ship between certain variations in educational pra1:1ice and ed.uca

1 

tio11:il achie\'ement. Previous research and the results o[ this scudy 
are given in detail in Chapters 5, G and 7. A brief imroduction is 
given here of the problems associated wit.b each of the practices ex
;,.mined. However, it must be made quite clear that these prnblems 
:.1re being examined in terms of only one aspect of student achieYe
ment-mathematics. Whether tbe resulc.s wot•hl be ll1c same in 
other subject areas is a matter for future research. 

Retentivity~ 

Reten tjvity is a term use<l to describe the proportion of an age group 
being retaiJJed in f ill-time schooling in a system to me end of sec
ondary sd10oling. Thus, the United States system, since it retains 
nearly three-quarters of an age i::,rroup in school through to the end of 
Lwelfth grade, i~ described as a "highJy retentive" system, whereas 
England, retaining only twelve percent of an age group, could, in 
196,1, be described as a system with "low retentivity". 

In the United States and Japan, which are highly retentive sy~ 
terns, there would appear to be a deliberate policy of encouraging as 
many students as possible to continue through to the end o( second
ary schooling. In mnny European counu-ies, there has been a policv 
of gradually selecting out a small elite which has been allowed to 

continue through tO the pre-university year. Theoretically, of course, 
ear.h child is allowed to conlinue through. but usually on condition 
that various academic (and selective) hurdles are 0\'ercome. In the 
last de~~de in Europe, as steps have been taken to broaden the op
portuniues for secondary and higher education, t11e objection has 
frequently been rai5ec1 that, if more stLtdents are allowed through 
either to the pre-university year, or to the university, this will mean 
a_ "lowering of standards". Unfortunately, when asked for an opera
tional definition of "standards'', those who use the term are either at 
a loss to supply one, or suggest, that "standards" refer to the mini
mum requirement for a "pass" mark that has emerged over the years 
(cf. Rusen, 1966). 

By the use of imernation:tlly valid mathematics tests, it is possible 
to compare the outcomes of students bot11 studying and not studyino
m:uhemarics in the pre-university year. 1L is possible to compare th: 
outcomes from various points of view. First, it is possible to compare 
the average perfo1mance; it is often asserted tJ1at the ''standard'' of 
performance of the students in the pre-university year in the Euro
pean low retentivity systems is higher than that of Lhe United States 
twelfth-graders-is this true or not? Secondly, it is possible to ex
amine the relative performances of students a1 different parts of the 
disLribution of score~ in each system. Thus, for example, how do the 
Lop five percenl in ~chool in England compare with the top five 

~ Some a~pccts of this problem have also been taken up in the IEA intemational 
public~lion (Hmen tl al., 19ti7) l>v the prcs<'nl author ~n<.l others. 



perc.em 111 school iu lhe Unite<l States( ls it true LhaL it more stuuents 
are allowed through to 1he pre-univenily year, lhis will mean a low
ering of "standards" for the ''best" students? Since the degree of re
reilli,·i ty v:1ries greatly from country to country, it is obvious that a 
comparison of intcrnation::il percentileti referring to Lhe composite 
distribution of pre-university mathematics (and separately non
m:1thenrntics) scudencs is not fair to the highly retentive systems. 
Therefore, it is necessary to go one step further and c;;1lculatc the 
proportions of a total age group reaching various levels o( ;i_chieve
ment. It can be appi-eciated that a higher proporlion of students in 
full-time schooling in a low retentive system are likely to reach, say, 
the international 95th percentile than in a high retemive sys1 em, but 
that when the same two countries are compared in terms of the lo/al 

age group reaching the 95th. percentile, the reverse may be true. Cal
culating the proportion of a total age group rea<.:hing certain "stand
ards" (in terms of international percentiles) incrocluc:es the concept 
of "how many students are brought how far' ' in a particular system. 
It is possible to develop this line of thought and calculate an 
"achievement yield" of particular groups of students. This takes into 
account the percentage of an age group reaching a particular level of 
achievement, and is not simply a comparison of means between 
counrries irrespeclive of the differing percentages of an age group 
making up the population being compared. FurLhermore, it is pos
sible to compare the "increase" in yield between a point where one 
hundred percent of an age group are in school (in this study, 13-year
olds) and the pre-university year. Ideally, it would be desirable to 
measure the "total yield" of achievement of a system. This, however, 
,voulcl require measuring achievement of all those dropping-out of 
school at the points at which they drop out. Another approach would 
be the longitudinal, measuring student ·accomplishment at the be
gin.rung and :tt 1he end of a given school year or stage. 

Differentiation 

Differentiation is a term used to describe the policy o( grouping 
students by some particular critei:ion into different schools or into 
different classes within schools (Husen, 1962 a). In selective systems of 
education, students are separated, usually somewhere between the 
ages of ten and twelve, on the basis of ability and/or achievement, 

imo separate school types. The more able smdems go Lo a selective 
academic school (gramniar sclwol, lycce, Gym11asium, etc.) and the 
others continue in a iorm of elementary school (morlen,. school, 
t!cole fJrimaire, Vollwr:lwle, etc.). This type of differentiation is 
sometimes known as "organizational differentiation" or "inter
scliool grouping". When a similar form o( grouping is practised 
within schools (groupj11g students by abilit>' or achievement into 
cJ;isses) this is sometirres known as "educational differentiation" or 
"i11trasc:hoo l grouping'' 

In the twelve countries participating in the IEA study, there was 
more diversity between countries than within any one country .in the 
forms and amounts of differentiation employed. Previous studies 
(see Chapter 6) have implied that the more differentiation practised 
either within a system or within a school the larger will be the range 
o( achievement; :u the same time, there is other evidence (Marklund, 
1962, Svensson, 1962, and Husen et al., 1967) to suggest that the mean 
scores of "bright" student~ are, in the long run, much the same 
whether rhey have been subjected to the pol icy of differentiation or 
not, but that "duller" ~tuJenls achieve more when in a non-differ
entiated system of education or school than in a differentiated one. 
However, in any system of education, it can thus be argued that it is 
the achievement of one hundred percent of an age group whid1 is as 
imporranL, if not more importam, than the achievement of a sma11 
elite. It is, thei·efore, ot interest to examine the range of scores on an 
achievement lest in refa.tim1 to the amount of inter- and int:ra-school 
grouping practised in vm'ious systems of education. If it is true that 
larger ranges of scores are associated with the amount of differentia• 
tion practised, then edncational policy makers, planners and admin
istrators should be a.ware o( this when planning policy. It is also of 
interest to know the re]alionship of inter- and intra-school grouping, 
L,oth together and separately. with variability of achievement. For 
example, if it is planned to change from a selective to a comprehen
sive system of educai-ion, but it is e.xpected that intra-school group
ing will be practised in the comprehensive school, then what will be 
the approximate change in the variabi.lity of a<.:hievement? Alterna
t ivcly, if inn·a-school grouping is not practised, then what might be 
1he change in the range of ad1ievement of a year group? 

Related to the aspects of inter- and intra-school grouping is that 
of grade promotion versus age promotion. Some systems o[ education 
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insist on stuclents 1c:iching a cenain level of achievement bcfuri.: be
ing allowed to p1ogrcss to t.hc next grade: this results in certain pro
portions o[ an age group being one or two grades behind the major
ity of their contemporaries. Other systems allow a total age group to 
progre.,s as an age gn1up through the school. It is lo be expected that 
a grade sy))tciJ1 will ha\'C a sma.ller range of achievement within any 
one grade, but a large1 r:mge over :my one age grnup. 011 the ow.er 
hand. there will be an interactiun effec1 between the age-grade pro
gression (the promotion system which is in itseH a form of grouping) 
and the amount of intra-sd1ool gro\lping practised within a gra<le or 
age group. ls it possible, [or example. that within one vear group in 
En.gland with age grouping, Lut with streaming within :in age group, 
the range of scores will be larger than in a system with grade group

inx but no streaming? 
The diversity of clifferentiation pracriscd in the IEA study has 

made iL possible for these questions to be examinecl to some extent, 
i.e.. the relationships between various fom1s and degrees of differen
tiation and the standard deviation of scores. The results are to be 

found in Chapter 6. 

Specialization and Age of Entry to School 

Two otht!r aspects of school organization where di\'ersity exists 
betwee11 systems but not within systems are those of specialii11tiv11 
(the practice of gradually dropping subjects or not dropping them, so 
that by the pre-university year only a few subjects are srndied, or as 
many as in the early year:. of secondary school) an<l mandatory a~e 

of emry to school. 
In England and Scotland, students in the penultin,ate am] ulti

mate secondary school years study an ave1'age of three of four sub
jects only; in the United Sta1es, students in twelfth grade take three 
or four "solids'', bu t it is theoretically possible 1hat in eleventh gr:ide 
they could hnve taken three different ''solids". In many Western 
Emo pe:-in countries nine or more subjects are studied tllJ'ough to the 
encl of secondary sd100I. I n those coumries where only few subjects 
are sttl\lied, there has been m uch discussion as to whether students 
shoukl study more subjects. Those in favour of studying more sub
jects have pointed OUL that it is early enough Lo begin special izing 
:ll the nni\'ersity, aml that at ~d1ool a ruore general education should 

be given, sine~ \1 ith the speed of tedrnological change in today's 
world, many persons will have to be i-eu·ained sevei-al rimes in their 
lifetimes [or ne½ jobs, many 0£ which do nol even exist today. 
furt.herrnore, the JJct that specialitation takes place in the last years 
of sd10ol h;is a b~ckwash effect, with Lhe result that many students 
who drop-out of ~chool before reachi11g the pre-university year have 
already droppeJ ~orne subjects and in some case3 are studying c.lus• 
ters of subjects which are arts or science hiasse<l. Those in favom or 
specialization argue that it is important to concentrate on only a 

few subjecLs, since this keeps up "standa.rcls" of achievement in the 
pre-university yea1, Lhat the w1iversities require Lhis spec:ialiLalion 
and that by studying a subject in depth. students are more capable 
of appreciating higher thought processes and that their achievement 
will be of higher level than those who study more subjects. 

T hus i t is o( interest to compare the achievement of pre-university 
studen ts from different countries according to whether specialization 
is practised or not. In general, wiLhin a count• y where, on average, 
few subjects ;ne studied, it is difficult. lCl examine the problem. since 
it is the " brighLer · students who tend to study more than t!Je river-age 
number of subjects. It should noc be forgotten, however, that there 
are difficulties in making a straight comparison between counLries 
on this variable, since clifferences between the groups of students 
exist which are ol impo1 tance, notably that the a\'erage age of ter
minating the pre-1 ,niversity year is different from country to country 
and that tl1e perce11tages of an agt: gro11p going tlll'ough to the prc
uuiversity year also <liffer. 

England and Scotland have a mandatory age of entry to school of 
five years, Sweden and Finland or seven years and the other countries 
in the IEA study of six years. The median age of entry diffe1s 
slightly from the mandatory age, but not sufficiently to require a 
different categorization in terms of the ave.rage length of sLhooling 
up to a particular point later in Lhe systems. This particular di\'ers
ity in educational practice has been mentioneu earlier in 1.his chap-
1er as an illustration of the advamages of in1erna1ional educational 
research over national research. Howeyer, wirhin some countries 
there is some sm3.Jl variation and interestin~ national stuuies h:1vc 
been carried c,11t (Pidgeon, 1gti5). Those who suppot t an earlier a.~e 
of enlr)' ro school maintain thaL early enu·y makc5 eai-ly learning- pos
sible anll tlw1 s1udcn1s who enter earlier will learn more than lhose 
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\\ l1o enter btc:-r: (urt!ie11110re, it is ea ier for t!1tll1 t11 learn .:;:::,d,11 
adjustment to tl ir peer · Jl au e:irliet age, anti th.11 f 1r · (.t1ltu1 ally 
depriYell" chi lclreu tile clcpri v;i uon can be.~r bc u1mpc11satcd by 
hi iu«in" the d1il<lrcn tu school earlier.0 0 

1n d1i· studv. iL i~ possible to cunipnre the adtievemem f 13-}ear-
ohh rn twelYC: coumrie and relate i-l1is 10 the mambtory age of curry 
tn 'iLhuol. !L i also possible lo comp;ire the refativc ,1chieYcment in 

v:11·iou· socio-economic status groups on 1he same variable. Do, for 
,'-.:ample. low ocio-economic status group 13·)C;1r-u!d st11cle11ts lwve 
hi~! 1~r adue,·einent scores in those connu'ies "here they begin school 
at five }ear o[ age than in those countries ,,·here the} begin at six. or 

se,·en:-
lt h;is been shown Ll1at when pre-university tudents' m.1them;:iLics 

scores are ;:idjnstetl for dilferences in age and retentivity in the diffe
rent systems, the differences in score between ountries are mnch 
the same as at the 13-year-old stage (Husen el al., 196"'). This being 
. 0 , it is interesting to add other features of chool organization to 
that of age of entry and examine to what extent school organiza
lional differences can accoun for the differences in score. It i not 
likely that this will be very great, ince, on the basis of previo~ 
knowledo-c (Peaker, 1967) it is known Lhat sch ol and teacher , ,an
ab]es ac:onnt for a relatively small amount of the varian e of scores. 
1'cverthele s, it is of interest to those concerned \\ ith school organiza

tion to be aware of the effects Clf their policies. 

Summary 

Comparative education as a discipline has now adv:m~e_d to cl1.e .s.tage 
where it i necessary to carry out cross-naf!Onal empmcal studies of 
not only the input (independent) variables to S}' terns of education, 
but al O the "outcoiue " (tlepemlenl variables) of the ystems. Data 
collected in i.nternaLional studie are of special value: 

1. when one wishes to study the relationship between certain varia
tions in educational pracLice and educational achievement, but 
the practices one wi he to compare are not weU 1·epresented 
within a single collnrry. 

z. wlleu it is tlesirable to test d1e generality or nniver :1lity of a. re-
1::i.tionship that has been (ound in some co11ntry. 
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l-'url11cn11orc. i1 LI ern,lt ion;iJ survey.s of eJur;1tirm.il ') strms have 
certain advantage~ Cl\'CI ma.11-scale colllrulletl experimental studies. 

I• 1rst. they iO\olve 1eplication and ~econdly, the pralLJCC being ~tu<liecl 
xist in their natmal conte:xb wilJt all the concomiLalll p 1ilusophies 

,1ucl valt1e srstem, :r ihey exist in practice. In a tonu-ol]ecl e. ·pei-j

ment it i o[ten extremely di[ucult to control variable such a~ 

teacher auitmle (pbilosoph)) nnd onte it is carried nut. it requires 
rcpli cation. 

TIii' lnlc, nalio1ra{ Pro1ect for th<' Evnl1111tw11 of ·dttrnli(Jlllll 

Achievemc11l (IE.\) !Jas recently unclenak.en a study u matl1l.'.matics 
ad1icvemtnt in l\\'dvc Llifferent school s1stem~ (Ilus:'.11 n al., q;G,). 
The data presemccl in this book ome frum Lhe l 1\ stud'\. The etlu
cational practices exami ned are tho e where then.- i omidcr.i l;Je 
diversity between countries and ronsidcr:.tble llni[urn1ity 11·itbin 
COLllllries, 

The fir l practice js lhal concerning the differing proportions o[ 
.m age group co:1Lint1in0 through to the pre-uni\'crsit) year (n:tcnli• 
vity). It is intend d to examine the clifferenccs in "standards" o{ 
performance a soti;1te<l with <liHering degree of retentivity in tenns 

of average performance, fixed international standards performance 
and "yiel<l", the latter bein6 a measure of how many students in cer
l:tin defined populations are brought how f..J.T in term of acl1ieve
ment within any one system. These re ulls are reponecl in Chapter 5. 

TILe second pra t ice i~ that o( differentiation. Students are di[[er
entiatetl jnto different school types (inter-school grouping) and into 
different groups ,,,ithin schools (intra• cltool grouping) to differing 

degrees formaUy on the basi of ability and /or achievement. It is 
possible to ex;:irnine 1hc association between these two form of dif
ferentiation and the spread of a hie,·einent . col'es. Funher, practices 
differ between cuuntrie as to how student are grouped in connec
tion with promotion policies: .ome wunu·ies have a sy tern of grade 

promotion ancl 0Ll1e.1s a S)'SLe.m of age promolion. It is possible to 
examine L11e sprea.tl of scores in connection with these forms of 
grouping and in ,urn rl1e relaLion Letween these two anJ the relation 
between spread of adlievement scores and intra-school grouping. 
Th sere \\]ts ai-e rcponctl in Chapter 6. 

The third and [uurth prnctices concern the number of subjects 
studied in t.he prc-u11iversi1 1 year and the mar11.latory age of emq· tu 

school. It is possible to compare the m:!lhema.tics scores of students 
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from counLrics whcl'c nine or more subjects are sLudied wit..h stu
dents' scores from countries where only three or four subject.s are 
studied. The mandacory age of entry 1.0 school ranges from five to 
sr.ven years of age in the countries panicipatiug in the lEA projl'tl 
l s earlier mandatory age of entry 10 sd1ool associated with higher 
achievement scores at age 13 in general, ur only for some soda! 
gTonps? Are there other sd\ool organi1:a1 ional features which account 
for differences in score between count.ries at the 1.~·)'Car-old level? 
These results are reported in Chapt.er 7. 

All o( Lhese problems are those on which some light r:m be s!1e<l 
(roUJ Lhe resulls on an inlernational stutly, but which would be diHi
cult to ex,1mine within a single nation. H owever, it must be remem
bered Lhal t.hese results refer onl y to mat.hemalics achievement; it 

would require further researd1 to d1eck these results in other subject 
are;1s. 
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CHAPTER 2 

IEA, Populations and Sampling 

International Project for the Evaluation of Educational 

Achievement (IEA) 

The data .used in this study were collected by the International Pro
ject for the Evaulation of Educational Achievement (IEA), and since 
IEA is the first large-scale internatjonal educational research project 
of its kind, it would seem appropriate to describe briefly its history, 
structure and mode of ope.ration. A detailed report of the IEA pro
ject is given in Husen et al. (1967). 

_ln the middle fifties, groups of educators and educational research
ers from different countries had met at places like the UNESCO In
stitute for Education, H amburg, to examine problems such as those 
concerned with school structures and organization, selection pro
cesses, examinations and failure in school. T wo important publica
tions emerging from some of these meetings were edited by Hotyat 
(1962) and Wall ( 1962). Throughout these meetings there was a 
growing awareness of the need to establish evaluation techniques 
which would be valid cross-nationally. At the same time, more or less 
independently of each other, several researdu:rs in the United States 
(Anderson, Bloom and Foshay) began to consider the possibilities of 
undertaking such research. 

ln 1958, . researchers from several countries came together at a 
meeting in Eltham, England, chaired by Dr. W. D. Wall of the 
National Foundation for Educational Research in England and 
Wales, and also at the UNESCO Institute for Education in Ham
burg. At those meetings it was decided to carry out a pilot study to 
discover if an international research project would be administra
tively possible and if the results could be expected to be meaning
ful. Research Centres from Belgium, England, !:'inland, France, Ger
many, Israel, Poland, Scotland, Sweden, Switzerland, the United 
States and Yugoslavia took part. A strategic target population in 



those counu·ics was the children oE a.ge 13:0 w 13:11, since th.is was 
the last point where practically all of an age group were still in 
school in all countrie5. In most cases, children of schools or areas 
whid1 were known to be dose lo Lhe national mean and standard 
deviation were tested. and thus, there was no strict probability 
sample. In all, 9,918 students spread over eight languages were ad
ministered tests (a total of 1 20 items) of reading comprehension, 
mathematics, science, geogr.iphy, aml non-verbal ability, The ven
ture proved to be success£ul. Foshay et al. (1962) have presented some 
of the results of this study in :i monograph. 

At a meeting at the Unesco Institute for falucation, Hamburg, in 
June 1960 it was decided to embark on a cross-national study in one 
subject area. where several populations within secondary education 
would bt: sampled using random probability sampling techniques 
and where specific. testing instruments wou1d be specially con
strucr.ed. This first carefully designed study in one subject area 
would be known as Phase l and it was hoped mbsequentl} co em

bark. on further phases. 
The subject chosen for the first phase o( the project was mathe

matics. The primary reason for this choice was that most countries 
involved in t11e project were concerned with improving their sc.ien
tilic and technical education, at the basis of which lies the learning 
of mathematics. Secondly, many recent national and international 
surveys (as c:irried out by the National Science Foundation in the 
United States and O.E.C.D. in Europe) have re-e.xamined c.he cur
ricula and the methods o( teaching mathematics and various 
higher branches of mathematics. Thirdly, tl1e so-called "new matl1e
matics" has been introduced to varying degrees in some of the 

• participating countries. Fourthly, since the symbols of arithmetic 
and mathematics are, with trifling exceptions, international prob

lems of semantics and language would be reduced. 
The Research Centres which committed themselves to Phase I at 

the 1960 meeting were from Belgium, England, Finland, France, Is
rael, J apan, the Netherlands, Scotland, Sweden and the United 
States. It was in late 1962 and early 1963 that Research Centres from 
Australia and Germany entered the project. (The main persons in
volved from each of the Centres as well as consultants are listed in 
Table A1 in the Appendix). A research grant from the United States 
Office of Education was received in the summer o{ t 962 and this 

covered the international coses and the United States national costs 
only. The representatives of the Research Centres from these twelve 
countries formed themselves into a Council whose main task was to 
agree on the overall policies o{ the research work. On average, they 
met for a week once a year. Tlley elected a Standing Committee of 
five of their members and their task was, if necessary, to take major 
decisions between Council meetings on behalf of the Council. Fur
thermore a Chairman/ Technical Director was elected whose task 
was to attend to the day to day running 0£ the project. He was as• 
sisted by a Project Co-ordinator, who was appointed in 196~ and 
placed in the UNESCO Institute for Education, Hamburg. 

In such a project, the lines of communic.ation were long, and it 
was very important to set deadlines for various stages of the wor'k. 
and to adhere to them. Several l anguages were represented, and it 
was decided that the project should be conducted in English, with 
occasional French translation. Although ther-e were some misunder
standings, they were fortunately rare. Lessons were learned from ex
perience and improvements in the mode of operation were continu
ally undertaken. A list of "lessons learned" i s given in Chapter 2 of 
Volwne I of the international publication , 

Consultanls were employed in the areas of mathematics education 
test construction and sampling, and these consultants attended all 
Council meetings as well as special group-work meetings, which were 
sometimes held between Council meetings. A great deal of group 
work was also carried out at Council meetings; thus, for example, 
£Ul'ther work on mathematics test construction, attitude scale con
struction, questionnaire construction, formulation of hypotheses and 
sampling took place in the early meetings. After the full testing, all 
members helped in writing up the outcomes of the testing of hy
potheses. 

In its turn, the National Centre, although using most of its own 
staff on the national work involved in the project, sometimes used 
sampling consultants. At the content analysis stage at the beginning 
of the project, the National Centre had to organize national com
mittees of mathematics educators and at the coding and punching 
stage, they often had to employ extra coders (mostly university stu
dents). 

The data were put onto magnetic tape at the University of 
Chicago Computation Center. Needless to say, with approximately 
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Cifty million pieces ot information, this stud) coulcl nevcr have b~n 
corr,pleted without the use of a computer. That the whole toJect 
(mathematics phase) was completed within four years, 1.,-ven wtth the 
help of a computer, was, in itself, an enormous achievement-the 

work on content analysis was begun at the beginning 0£ 196!? and 
the (inaJ researdt reports were completed at the en<l of 1965; 1J1is 
success was due to the dedication, enthusiasm and ability of all the 
educational resea1chers concerned. The data Oil the 1Uaster and 
·working tapes at the University of Chicago Computation Center will 
form a data bank which can be oscd by qualiliecl research workers. 
A Data :Bank Manual has been prepared by Richard M. Wolf 

(1967).1 . 
The JEA Council has decided 10 embark 011 a second n1a1or phase 

where testing in other subject areas will be undertaken, and the 
[rame of reference of U1e researd1 will be extended in terms of the 
v~rious ps)'c.hologj.cai, M>c.fal, c.ultura.I and economic fot·ces involved 

in the process of e(lucarion. 

Populations Tested 

One of the most difficult problems in a comparative study of this 
natnre is deci"cling ·which populations in. the different countries are. 
i.n fact, for one's purpose comparable. The pilot proiect (Foshay 
Pt al., l!)62) bad focussec.l on the educational attainroet\ts o( l3-yea.t• 
olds. This group has the merit of being tbe highest age 1evel at 
which, hy law, all children are supposed to be attending school in 
roost countr~es wi.th a tradition of universal education. The 1 3-year
old group had distinct advantages, therefore, £or an assessment o[ the 
educational standard reacl1ed by an approximation of. 4 total age 
group of each country and was thus selected. Although this group 
was chronologically comparable, there were difficulties in that there 
is a wide var:iation between c.ountri_es as to I.he gtades i1t which 13• 

)'ear-olds are to be found. In some countries, its members were nearly 
all in the same grade, while in other countries. because of retarda
tion or acceleration policies, they could be spread over several grades. 
f , e.xamp1e, in "England, Scotland and Japan. appro-ximately ninety-

~PY ot ihe Data B:UJk Manual can he obtained upoti request to: IEA 
Coordinator c/o Ur1esoo Institute for )iducation, 2 Hamburg 13, f'cldbrtmncnstr, 

70, l'cderal Republic of German)'-

nitle percent of a year group are LO be found within the same grade, 
whereas in Belgium, for e.'Cample, twenty-nine percent of 13-year•olds 
are retarded by one, two or three years. In the latter case, it was 
thought to be difficult in the testing programme to have all of these 
children broughL from the different classes, and in certain cases, dif
ferent schools, 10 the testing session. It was therefore decided to 
allow Research Cenu·es to award a notional zero score to those chil
dren. whom they cons~<lered to be so retarded as to be unable co 
attempt any of the questions in the tests. However, in most cases, all 
students of this age range were, in fact, tested. 

A second population, which is the complement of the first p0pu• 
latiein, is that c.onsisting o( all students at the educational level 
(grade level) typical of the 13-year-olds in each country. This, then, is 
an educational level population designed to correspond in general, 
to the age represented in the first popu1ation. The 13-year-old age 
population was designated Population 1a, and the 13-year-old grade 
group was designated Population 1 b. 

The grade group, c:OI1taining the majority 0£ 13-year-olds will, of 
course, be different according to t.he time cl: year chosen for testing. 
Take a h)'pothetical example of two year groups: a) t3~14 and b) 
12-13 at the beginning 0£ the school year. T hen, further assume 
that the school year runs from April to March in the next calendar 
year. Thus, i[ testing tak.es place bet\-Jeen April and September, the 
13--ye:u-old grade group which ,vill be tested will be group a, but 
after September, will be group b. To avoid disparity, it was agreed 
that Lhe tested group would be the grade where the majority of 13-
year-olds were to be found within three months of the end of the 

· current school year. 1t must be pointed out that in almost no country 
did Popu)ations ~a and tb represent students at any terminal point. 
Therefore, their achievements are not to be consideted indicative of 
what has been achieved in a rounded•off course of study. They uo, 
however, provide a more or less hundred percent attendance base• 
Hne against which further learning within the system of secondary 
education can be measured. 

Another group of students who seemed of speciaJ interest were 
those who we.re j ust completing the pre-college or pre-university level 
of education, This represents a major transition point in each educa
tional system and also is the termmation of formal schooling in each 
country. lt is also a point wltich can be said to be t.h:it where the 
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"{ruit~·· c,f education ma1 lie assessed. Ob,iously, bowcvc1, thc1e ::ire 
impunanr differenc~ between countries in the compos.ilion of these 
grollpS. For example, the average age of completing pre.university 
education ranges from 17 years 2 months in Australia to 19 years 10 

months in the Federal Republic of Germany (d. Chapter 14 in 
Vol. I, Husen et ril. 1967). ,.\gai1'l the age at which students begin 
school varies from counLry to cu11111ry. and thus the total length of 
sd1ooling varies. Secondly, it em be al'gued tlln.t the second and 
third year sixth•forrnet in au English state school is not tbc equiva
lent of au Amer ic.:rn 12th grader or even of a Swcdi~11 sttidcntcxamen 
student. Apart from djfferem lengths of scl1ooling, the selection pro
cess which has taken place in eadt of these systems is very different 
in terms of gr:1de-repeaters and drop•outs, aud Lhe number or the 
percent of a year group in this pre-university year also djffers from 
cmmtry to counu·y. Thirdly, the number of subjects swdied in the 

pre.university year r:inges from an average of three in England to 
nine or 1110n• in some Eul'opean co1.tn.tries. Thns, the:re are differ
ences in t11e structure of this transition point from one country lO an
other, and this must be borue in mind in the in1crpretation of the 
results. However, it was decided chat the advantages o{ working at 
tbe pre-university Ulajor terminal point appem·ecl to outweigl1 the 
disadvantages of lack of comparability, so this population was 
chosen. It was divided in10 two sub-populations on the basis of the
currjculum being followed. One sub-population consisted of those 
t.i1<..irig u1.itltew:iucs :is a OJi.1j<)r si1bjecr. The seroritl grcn1p w;,$ maue 
up of those who were ne>t taking mathematics or for whom mathe
marics was a minor and subsidiary part of their programmes. In most 
cases the two groups belonged to different ~ections or tracks of the' 
pre-university school. 

Between the 13-year.old level and the pre-·uni versity year, there 
arc various major termio:l) points in the school systems-e.g. end 
o( compulsory school ranging, for example, from 14 years in Ger
many to J6 years in France, Sweden and the United States, and ma
jor ex:imination points such as the G.C.E. "0'' level in England. 
Thus, in some countries these popular.ions represented students ter
minating their education at the intermediate level, and in other 
countries they represented a kind of half-way point between the 
lower :met the pre-university populations. I t was decided that coun
uies could choose the population(s) they wished to test at these in-

termediate points. The iollowing are the formulated de[init.ions of 
the target populations. As indicated above, it was sHttetl that testinr> 
should take place within three mon1.hs of the end of . ,. . 0 

. TI . uie acac1em1c 
year. 1e rn~thema11cs teSLS (see Chapter 3) given to the student.s in 
each populauon are given in parentheses: 

Population 1a; 

All st~dents t~ho are aged between .IJ:O-IJ,II years at the dale 
of.testmg. Th1s means that all tYPes of schools with students of 
t.h1~ age should participate and be represented according to 
their proportions of smdents from the population defined. 
(These students were to be given Mathematics Tests A B and 
C.-See page 42.) ' 

Population 1 b: 

All st.udents al the grade level where the majority of students of 
age .13.0-13.n are fmm(l. 

(These students were to be given Mathematics T ests A. B and 
C.) 

lntennediate Populations (Optional): 

These target populations were defined by th . . e countries testingh 1at t ese evels. lt was desirable, however that where .P ·b1
t.hese 1 . h , ' oss1 e, 

. popu at10ns s ~uld. ~e taken at points which, if terminal, 
did ~ot lead to unrvers1t1es or similar instiruLin,ns of h. h 
learmng. ig er 

(These students were to be given Mathematics Tests 3, 4 and 5.) 

Population 3: 

~ll students.who ar~ in the gr~des. (forms) of full time study 
m s~hools {lorn_ which the universities of similar institutions 
of higher learning normally recruit their students Th
de t - • ese stu-

n s, .m.most co~ntri.es, were in the gndes (forms) from which 
a quahfymg e."<an~nauon for the university of similar institution 
~~s taken, e.g. Alntu.r, Studentexamen, z• partie du baccalaurc t 
Emdexamen, G.C.E "A" level. a 1 

Qualification-This did not include eh all . . 
. . . . . . . e sm. propornon gomg 
to univers1t1es or sumlar ms6tutions of higher 1e..•111'ng . . . · I · .,., v1a 1nstttu-
t1ons w uch came under the heading of "Zweiter B1.ldun ., b gsweg , ut 
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the proporrion of the population had to be known. Populauon 3 is 

divided into two parts: 

:;a: Those studying mathematics as an integral p:irt of their wurse 
for their future training, or as pan o( Lh.eir pre-university stud
ies, e.g. mathematicians, physicists, engineers, biologim, etc. or 
all 1hose being examined at that level. (These stUdents were t1> 

be given Mathematics TesLs 5, 7, 8 and g.) 
3b (highly desirable. hut optional): Tho~e stuclyi11g m::nhematics 

a~ a p;ut (complcmemar)) of their stud.it:~ an<l. the remainder. 
(Thc~c students were to be given Mathcmalics T cm 3, 5 and 6). 

Where Centres wished to sub-di:vi1lc any o[ the above population» 
fo1· national purposes, the} we.re, of course. allowed to do so. 

For pueposes o! coding, it was Lhen necess:iry to creaLe ·•opera
tional gT011ps". For example, in tbe following section, it can be seen 
tht:11 Group~ 1 ancl 2 form Popul:uiou 1a, and Groups 1 and 3 form 
Poµulaciou 1b. Popul.wons were Llms broKen down into operational 

g-rOlt ps as follows: 

Defi11itio11s of Groups 

Croup I consists of those studems :1ged between 1 :-3.0 ~cl l!P1 ?n 
the cla} of testing in che g1:atle (or year group) wluch contams 
the m:,jority 0£ students of this age. 

(;10 11p 2 consists o( those students aged between 13.0 and 13.11 on 
the d~i)' of test.ing who :ire in grades (year groups) other than 
that in which the majority of this age are fotmtl. 

Gro11jJ 3 c:onsists 0£ the remainder of students in the grade (year 
group) from which Group I is taken. 

GrottjJ -,-Level 2(i) a~ operationally defined by National Centres. 
Grnup ;-Level 2(ii) as operationally defined' by National Centres. 
Gronj> 6-Level 2(iii) as operationally delined by National Centres. 
Group 7-Level !P as operationally defined by National Centres. 
Group 8-Level 3b as operationally defined by Nat.i~nal CenLTes. 
Group 9 c.omh.ts of those sllldents who are tested with Level ~a 

tests, but who are possib1y following a course of malhemaucs 
which does not clearly place them in Level 3a. 

Group n consists of those students who are rested with Level ~b 
lests, but who are possibly following a course of mathemaucs 
which does not clearly place tl1em in Level 3b. 

Since eh~ intermediate populations chosen for testing in the vari
~us cou~tnes vary so_ much, it was not thought worthwhile making 
intcrna_uonal comp.msons, and therefore these populations were left 
for national analyses and not included i11 the international analyses 
(see e.g. Pidgeon, 1967). 

Sampling 

Sampling Units and Stratification 

The main problem in sampling was to secure a representative sample 
of the parr1cular larger populations in ead1 country. Each national 
research centre appointed a sampling expert for its country. The 
IEA, on the other hand, decided that it was necessary lo have one 
person who could devote himself more or les.s continuously to che 
ta_sk. of examining the sampling plans for each target population 
witlun each country and who would enter jnro c:orrespondence with 
the national sampling expert. 

Each target population was dfri<led into a sampled population 
and an exclude<l population. It was agreed Lhat where there was a 
smal~ category o{ schools that, on the one hand, would be very ex
pensive to sample and, on the other, was so small that the results 
from it would make liLtle cliCEerence to the general picture, it could 
be r_e~sonably excluded. In all cases, the e.xdudetl population was 
neghg1ble, except in Israel, where students who had recently immi
grated from under-privileged areas were excluded. 

The proc~~ure used for sampling the "sampled population" was 
lhat of_s~attfied 1:an<lom probability sampling. The unique merit of 
probabtlny samphng is that the standard error of the sample as a 
whole or of any part o( it can be determined from the internal evi
dence. of the sample itself. All of the coumries used probability 
samplmg, except for the Federal R epublic of Germany (represented 
by _onl'. two of the Ui.nder-Hessen and Schleswig-Hohtein) which 
mamtamed that if a random process of selection of schools was used, 
many of them would be unco-operative and that it would be better 
not to use probability sampling, but to make instead a judgement 
sample from schools known to be co-operative. This was, of course, 
for the Germans to decide, but it is clear that the internal evidence 
in this case, supplies no guarantee of representativeness. ' 

Jn the United States, the sampling was in three stages, the first 
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stage being a sampling of couununiLies. the second a s,unpling of 
schools wilhin the selected c.ommuni Lies, anJ the Lhinl a sampling of 
studems within the selected sd1ools. Elsewhere the sampling was in 
two stages, with schools as the first and students as the second stage. 
Multi-stage sampling is needed, because it is impracticable to sample 
students directly in a ~i11gle m1gc. fiut a multi-stage ~ample is bo11nrl 

to be larger, in terms of students, than a simple (i .e. a single stage) 

sample giving s1 andard errors of the same size. 
T hus, with two stage sampling, and small ~:unpling fractiollS, the 

variance of an estimate is 

S,P- , 
n nk 

,Ihere rt is the u11mbt r of schools in the sample, k the average num
ber of students sele<.:reu wi1l1in each school, S the variance of srhool 
means and P the variance of srudents within schools. The intra•c:lass 
correlation- i.e. the meo.sure of the e.'<tent to which sLuclents in the 
same school resemble each other more than they resemble students 

in general-is ewhere g=S/S+P. 
Consequently, 

S P - P+Sn+ nk= (k - I{)+ I) nk 

and (k-1) e+ , is what Kish (196~) calls the D esign E[[ect (Deff), 
In other words, it is 1he ratio of the size of the comple.x sample, 
in terms of students, to that of the simple equivalent samµJe. 
If the standard errors for the comple.x sample were calculated by 
applying simple random sampling (s.r.s.) formulae. directly the! 
would be too small. The proper values can be··obtained by mult1-

plying the s.r.s. estimates by the square root of De£f. . 
The Design Effect can be reduced by stratifying the schools, which 

reduces tl1e intra-class correlation. I t could be reduced further by 
stratifying stutlents witb.iu schools. Stratifying schoo1s reduces S, -~d 
st.ratifyin"' stutlt:nts reduces P. In this study schools were stratified 

0 • 

but the stratification of students was not attempted. In all countries 
schQols were stratified by sex and type, and in some also by (a) geo
graphical or administrative areas, (b) etlmic and religious groups, 

and (c) rural-urban locality. 

Three principles of random selection o( srndents within the 
schools were proposed: 

1. Working through tlte registers with a constanL sampling interval 
and a random start. 

2. Taking in t11c sludems whose surnames begin with ct:rlain letters 
of the alphabet. 

g. T aking in the students whose birthdays fall on certain d ays, 
spread unifo,rmly around t11e year. 

ResearcJ1 Centres were warned that, when the first principle was 
11sed, there is sometimes a strong tendency for schools who draw ·'un
lucky" random numbers to ignore them and co choose, by judge
ment, a "fairer'' sample. O[ten the headteacher replaces what he 
consitlers to be ''poor" students by "good" students. This method, 
in fact, was not used. A warning was also given about the second 
method~i.e. that there may be an association between the initial 
letter of surnames and e~hnic or other groupings within the society. 
If this was to produce a bias, it shoul<l be avoided. Most Centres 
\ISed the third prioci ple. This is notionally equivalent to re-defining 
the population so that it consists only of children with particular 
birthdays. There is no reason to suppose that the reduced popula
tion, defined by birthdays, uniformly spread around the year, differs 
from the complete population. The size of the samples varied accord
ing to the population and the country, but the number of students 
tested for each population varied from approximately 700 to 6000. 

All in all, the total number of students tested (including intermedi
a k populations) was about 1351000. 

Since the school had been used as the samplin° unit it was decided. a , 
to deal each population sample into four independent sub-samples. 
The data were coded in terms of sub-samples and put onto the mag
netic tape in this way. The splitting of the population into four in
dependent sub-samples had various advantages. The first was that 
independent estimates could be obtained from each of the four sub
samples and estimates of error from the comparison of these. The 
second advantage was an administrative one, namely, that the answer 
sheets for each sub-sample could be shipped separately to Chicago. 
Thus, if one were lose, three slill remained, whereas if all had been 
shipped together, all might have been lost. 

It turned out that Israel and Australia did not test Population 3b 
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and that France and the Netl1erlands had to be dropped because of 
several cases of undersampling of schools. The Federal Republic of 
Germany and Israel did not test Population ia. 

r,veig1iti.nl 

The a tua.l s.unpling fractions diLfered somewhat from those. sug
"'ested in the original sampling design handed in by the nat10nal 
:ampling experts. The Lwo main reasons accounting for this dispar• 
ity were (1) the numbers of sdtools taken into the sample in 
each sLra~tlm were basecl on national statistics dating back a fa1· 
as 1960 or 196J, and in 1964 when the testing took place, Lbere were 
d1anges in the figures, and (1?) in certain cases it was not possible to 
test all students drawn within schools which had been saoipled, In 
some cases the school refused to cooperate in the study, and it was 
too late to take an alternate sd10ol in terms of the test programme 
administration within tbat country. The differences were not great, 
however, but it was the actual and not the designed sampling fac
tions which were used to obtain the raising (weighting) factors. The 
weio-htin.g of eacl1 strarnm sub-sample was carried out in such a way

0 . 

that the weighted number of students in each stratum was m exact 
proportion to the total number of students in each stratum. The 
estimates 0£ cn:or used in reporting the results in this study are those 
obtained from the comparison o( the estimates of each of the four 
sub-samples. The fonnu}a used for weighting was: 

"Where N = the num.ber of students in the whole target population 
n = the number of students in tbe whole sample for the target 

population 
N1 = the number of students in the ith tratum of that population 

111=the weighted number of "students" m. the i'th stratum of 
the sample. 

111i = the weighted number of "students" in the first subsample. 

"A htll desqiplion or lhe -weighling pr0cedtu:es used is givi.'n on pages 213 and 
u4. in Volullle I of Husen et al., 1967. 
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The calculations of means, standard deviatjons and con-elations bad 
to be carried out in terms of weighted N'sf1 

Standard Errors 

Peaker in Husen et al., 1967 (Volume I, Chapter g, p. 154 et seq.) has 
explained in detail lbe ca1culations o[ boLh the simple random 
sampling (s.r.s.) stand:u-d e1Tors and the complex. standard errors 
(c.s.e.) of sampling. 

Suffice it here to gjve Table 2-1, listing, for Populations 1a, 1b, 3a 
and 3b, a) factors by which the corresponding s.r.s. estimate shou]d 
be multiplied to give the complex. standard errors and b) complex 
standard errors for correlations. 

The s.r.s formula for the standard error of a correlation coefficient 
is (1-r2)/ fri · The computer obtained the s.r.s. error for each popu
lation in each country first by corn paring the average correlation 
coefficients obtained from £our replicas (sub-samples) of a 54x54 cor
relation matrix with the fo ur separate coefficients obtained and then 
averaging these for each matrix. 

The s.r.s. formula for the standard error of a mean is, of course, 

<1/VN· To arrive at the c.s.:·• tl1e s.r.s. should ~e multiplied by the 
factor in the (a) columns 111 Table .2.1. It Wlll be seen that the 

• The following formulae f-01: the weighted mean, standard deviation, and corre
iation were used: 

Mean 

Standard deviation 

S ~ V:E((X- X-)2 w,) 

:Ew1-1 

Correlation 

whel'e w1- lh.: weight for the ith 5tudtmt 

X1= the value of the X variable for the itb. stud.,nt 
Y1- the value of the Y variable for the ith student 
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Tablr '.:!.1 (a). Fae/ors* by which 1/,e corrrspo1uii11g s.r.s. utimatr slwuld be multiplied 
t,1 iit•c the C0//1/Jlcx slrmdartl eTTUTI and (b) comp(e.,: standard ermrsfor corrclatw,u. 

Populations 

1a rb 3a 3b 
~~ 

,,untry (a, (b) (a ) (b) (a) \b) (a) (l,) 

Austra lia 1.7 .o.~ 1.7 .03 2.0 .06 

Beh:ium l.7 .0.1 ~.o ,u4 1-6 .07 1.9 .06 

Eugl.ind 1.7 .( 3 1. 7 .ug 1.3 .u,~ f •3 .03 
l •'cu. Rep. 

of Germany 3·3 .05 1.3 .05 1.0 .o,~ 

Finla nd 1.7 .05 1.8 .05 r.3 .06 1.3 .ot, 

France 2.1 .04 3.1 .05 I.I .u6 
Israel r.8 .03 0.9 .rn 
Japan :r.4 .03 1.4 .03 1.4 .05 2.0 .03 
NcLhcd=cls 1.7 .08 1.9 .05 1.6 .07 
Scotland 2.9 .04 3.1 .0,\. 1.5 •"4 1.8 .04 
• 'wedcn 2.3 .04 2.5 .04 J.(j .05 0.9 .05 

.. ,}\. 1.7 .0:2 1. 7 .02 J.6 .04 1.8 .04 

Mean 1.9 .04 2.1 .04 1.4 .06 1.5 .04 

* In f"ach or the factor columns (a) the highest and the lowest factor are in bold type. 

~l\erage value of the ratios in Table 2.1 is 1.7, and that no ratios are 
ery far from this value. Consequently, the rule of taking two (cam-

plex) staudard errors as the confidence limits can be replaced by the 
rule of taking Lhree s.r.s. standard enor . 

Summary 

This chapter has presented a short account of the history, structure 
anJ moue £ peration of the first large scale internalional educa
tional re earch project-namely that carried out by the IE in the 
field o( mathematics, from which the data for this study are drawn. 
It then proceeded to describe and define the target populations 
chosen for study and the sampling procedures used. 

During the fifties Lhere was a growing awareness on the pan of 
some educators, and in particular educational research workers, o( 
tl1e need to e labltsh evaluation techniques which would be valid 
cros -nationally. Groups of educational research workers from lead-

ing research centres in Europe and the United States joined together, 
:ind in 1959 undertook :i small pilot project to te:.L the feasibility 
and meaningfulness of carrying out cross-national educational re
:.earch (see Foshay, 1962). Encouraged by their sue ess, they em
barked on a majot· research in the field of school mathematics edu
cation in 1962 , They rei:eived financial support for their interna
tional costs from a grant from the United tates Offa:e of Educar.ion. 

ational Research Centres we1·e responsible for defraying the na
tional r earch costs involved in the project. Re earch Centres from 
the £ollowin0 countries panicipaLed: Australia, Belgium. England, 
Fed~ral Republic of Germany, Finland, France, Israel, J apan. the 
Netherlands, cotland, Sweden and the United States. Each Research 
Centre had one member on the Council o[ IEA who ·e task it was to 
agree on the ovetall policy of the research. lnterim decision were 
taken by a tanding Commillee (elected from the Council), or by the 
Chairman and echnical Director. Since all persons involved had 
full-time commitments in their own countries, one full-Lim e co-ordi
nator was appointed by IEA and placed at the U ESCO InsLitute 
for Etlucatiou in Hamburg. Consultants were also employed and 
most of the work was undertaken by groups at Council Meetings, bm 
some group work was also undertaken between meetings. In truc
tions were issued to ation< 1 Centres in circular letters and special 
bulletins. There was a ontinuous two way communication between 
lhe research workers in the National Centres and the IEA Secretariat 
(Chairman, Technical Director and Co-ordinator). The analyses 
were carried out by computer at the University of Chicago Computa
Lion Center. 

Four target populations were cha en which had to be sampled aud 
rested by each participating Research Cenu·e. These were 

(a) all 13-year-olds (Population 1a) 
(b) all students in the grade where most 13-year-olds were to be 

found wiLhin three months of the end of the school year (Popu
lation 1b) 

(c} pre-university students studying mathematics as a major subjecl 
(Population 3a) 

d) pre-university studenLs not studying mathematics as a major sub
ject. (Population 3b) 

It was possible for Research Centres to test major terminal popu-



lations at points intermediate lO the 13-year-old and pn:univcrsity 
populations, but this was optional. 

ProbabWty sampling was used with the school as the sampling 
uni t. In the United St.ates, three stage sampling was used (commun
i ty, school and students within schools), and in other countries two 
stage sampling (school and students within schools). Stratification 
was employed so as to reduce the intra-class correlation. The factors 
by which the corresponding simple random sampling (s.r.s.) estimates 
should be mul tiplied to give the complex standard errors are given, 
together with the complex standard errors for correlations. 



CHAPTER.3 

Instrument Construction, Data 
Collection and Processing 

The aim of this chapter is to desa·ibe briefly tl1e construction of the 
instruments. A very full description is given by Husen et al. (1967, 
Volume 1) of the construction ot the mathematics tests, question
naires and occupational classification scheme, and the reader in• 
terested in further details is advised to n ·fer to that publication. 

Mathematics Tests 

In order to formulate the general plan of the tests and the detailed 
specifications in terms o[ which they could be constructed, the fol
lowing steps were taken, as described by Thorndike in Husen et a/. 
1967; 

1. The research centre for each participating country was asked to 

recruit a committee of mathematics educators who would prepare 
a statement describing the content and objectives of mathematics 
education in that counu·y. 

2. These statements, so far as they were in fact prepared, were ex
amined by a working committee of mathematicians and mathe
matics educatot:s from several parll.c.ipating countries, and a topi
cal outline was prepared covering the topics that appeared in the 
reports from the individual countries, 

;\· The outline was circulated to all participating countries, request• 
ing judgements of the extent to wllich each topic was indeed 
covered in tl1e matJ1ematics instruction of the country. 

4. On the basis of t11e respo~ses, together with the judgement of the 
working committees, simple integral weights were ai;signed to in
dicate the .importance and empb.asis to be given to each topic. 

.5. In addition to preparing an outline of topics to be covered, atten• 
tion was given to the types of inteUectua1 ptocesses to be covered. 
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6. The working committee developed plans relating to the number. 
length and types of test exercises to be included. 

Each National Research Cenlre organized one or more committees 
to carry out a content analysis o[ wbat was taught in the various 
grades between Population 1b and the pre-university year, and in 
some cases the analysis was carried out by school type within a 

country. The work consisted most.ly of an analysis of text books, ex
aminations and teachers' statements. The documents produced by 
each National Cenu·e were then sent to Lhe International Matheruat
jc;.-, Committee. 

T wo initial outlines were constructed, one for Level 1 (i.e. Popu
lillions ia and 1b) and one for Level 3 (i.e. Populations 3a and 3b). 
Each outline contained abour 40 di[[erent topics. A list of the topics 
for each level is given -in T ables :\2 and A3 in the AppenJix. In 
eacl1 case, however. the objectives or caregories of intellectual process 
were the s:une. namely: 

A. Knowledge and information: definitions, now.Lion, concepts; 
B. Techniques and skills; solutions; 
C. TranslaLion of rlara into symbols or schema and vice \'el'sa; 
D. Comprehension: capacity lO analyse problems, to follow reason

ing: 
E. Inventiveness: reasoning creati\ely in mathematics. 

In Tables A2 and A3 in the Appendix, tbe colurun headed O/Jjec
lii,es indicates the categories of intellectual process that the worlting 
commiuee thought might be appropriately tested in connection ·with 
the various topics. The Importance column indicates the relative 
weight to be given in the final testing to each of the topics. (3 signi
l'ies great weight, 2 intermediate weight and 1 the'least weight.) 

Before preparing a pool of test exercises, Lhe mathematics com
minee had to decide on the length, structure and format of tile tests. 
T hree Lo four hours of testing was accepted as a practical compro
mise between a comprehensive coverage and what i-epresents a tol
erable burclen on the time of students ,md teachers. lt was agreed, 
somewhat reluctantly, to keep the single problems brief. Mttch as 
one might like to explore the students' ability to work tlu-ough an 
involved sequ ence of steps, or to develop a complex proof, this 
seemed not to be possible. Such a task would exhaust too large (and 

too variable) a fractlon of the limited time that was available. Thus, 
jt was decided to liwt the tasks to those that a student could be ex
pected to deal with, if he could handle them at all, in not more than, 
and usually a good deal less than, five or ten minutes for each item. 

T he requirement of objectivity of scoring suggested the need to 
fall back on an all-or-none evaluation of a final product-the an
swer-and t.his was agreed, not without misgivings, since it was 
clearl y recognised that the restriction placed real limitations on what 
could be appraised with tl1e test. However, the decision seemed in
evitable for an international study involving over a hundJ"cd thou
sand examinees. Furthermore, it was agreed to use mostly multiple
choice type items where the answer choices are supplied and the 
examinee chooses the best or correct answer. The corwnittee recog
nised that there are many situations in which producing the re
sponse, rather than recognising it, is an essential part of the ability 
being tested. H owever, the practical necessity of speeding the scoring 
of the many papers called for machine scoring and for as extensive a 
use of multiple choice questious as seemed reasonable within the 
limits of ef-feccive measurement. ln the end, 30 o[ the 174 items in 
the series required the examinee lo write in his answer to a problem 
while 14.4 items were in multiple choice format. Using multiple 
choice items also had the advantage of allowing students to fill their 
answers in cliiectly on to an IBM 1230 answer sheet which, with 
ver.y little extra coding at the research centre, could be scored me
cl1anically. 

National research centres and members of the test committee 
supplied illustrati\e items for each of the topics in_ the test specifi
cations. Using these items, and also items made available by the 
Educational Testing Service and by Lhe University of Chicago 
Examiner's Office, a pool of some 640 items was assembled. I tems 
were selected from this pool and 24 trial test forms were produced; 
the more elementary forms contained about !!2 to 25 items and the 
more advanced fom1s 10 to 16 items. Each form was of such a length 
that it could be easily completed within 45 to 60 minutes. Two an
chor i terns were incl uded in all tests. 

The trial test forms were then circulated to National Research 
Centres, and it was at this point that, as a result 0£ criticism from 
England. additional trial forms were prepared. Finally, there were 
twenty-eight trial forms consisting of 497 items. The objective in 



preparing Lhe trial forms was to make them inclusive, so that in
formation mjght be obtained on a wide range of topics and formats. 

Each trial fonn was then translated into the various languages, 
checked, and pre-tested on judgement samples of about 100 to 150 
students in each country. Each test was pre-tested in at least three 
countries; the as ignments were rotated so that different combina
tions of countries took ead1 of the tryout forms. In ead1 country 
eight or ten forms were pre-tested. According to the level of the test, 
it was tried out at the 13-year-old or pre-university level. In some, 
but not all countries, appropriate tests were tried out at the 15/16-
year-old level. 

An item anal sis was then carried out in the ational Research 
Centres. Basically, this consisted of calculating the difficulty and dis
crimination .indices estimated by Flanagan's pro edure, for ead1 item 
for a particular sample and reporting rhese back to the Test Editors. 
The results from all countries were t.hen entered on to master tables. 

The international test commlltee (Test Editors and Mathematia 
Educators) agreed that it was desirable to have some parts of the test 
common to the testing ot the four different levels: 

(a) 13-year-olds, and the grade group containing the largest fraction 
of 13-year-olds 

(b) an intermediate age or grade group of roughly 15 or 16 
(c) a group in the final year of secondary education, but not in a 

programme with mathematics as a major subject of study 
(d) a group in the final year of secondary education with mathemat

ics as a major subject of study 

It was decided to organize the test in n.ine one hour units, each of 
which would be prinLed in a separate book.let and each of which 
would constitute a separate "test". The tests taken by each of the 
populations have already been given in Chapter 2 (see page .29). 
The items, 174 in all, were selected on the basis of their content 
validity to the test specifications and on their statistical attributes. 
In planning the coment of the final tests, !he editors attempted to 
maintain a balance between conventional content of mathematics 
and the newer topics Lhat are being introduced in at least some of 
the participating countries. 

Table 3,1 groups the items into topics in any one set of tests. In 

Table 3.1. Summary efconknJ of Jests for different populations. 

Topic l'opn. ! Popn.. 2 Popn.3a Popn. gb 

Basic arithmetic l3 3 3 
Advanced arithmetic 
Elementary algebra 
Intermediate algebra 

r8 

12 

4 

7 
6 

16 

3 

19 

9 
5 

13 
Euclidean geometry 13 17 5 13 
Analytic geometry 
Sets 
Tcigonomctric and circular 

4 
4 

3 
8 

4 
5 

4 

functions 
Analysis 

3 
8 

3 

Calculus 
Probability 

9 

Logic 2 8 
Affine geometry 3 

r.he final analysis, however, seventeen diilerent sub-scores were cal
culated. 

Estimates of the reliabiliLy of the total test and subscores were ob
tained for each population in each country. using the Kuder Rich
ardson procedure of estimating reliability from item statistics and 
the standard deviation. Formula 20 was used. 

Table 3.2 on page 44 gives the reliabilities for the Total Math
ematics Score in each country for Populations 1a, 1b, 3a and 3b. 

Although the analyses in th.is book are mostly concerned with 
Total Mathematics Score, it is of interest to comment on the various 
groupings of items. Firstly, they were classified, by the pooled judge
ment of several judges, into items calling for higher mental pro
cesses and those calling for lower mental processes. Lower mental 
process items are th.ose which call for relatively routine application 
of previously learned techniques, while higher mental process items 
call for a greater amount o( ingenuity and inventiveness in the attack 
upon novel or complex problems. A second subdivision of the items 
was into those that consisted of verbally formulated items, in con
trast with those that involved primarily computation and solution 
of a problem expressed in numbers or symbols. A third sub-grouping 
of items consisted of those which were judged by the mathematics 
educators to represent Lhe "new mathematics". Fourthly, items were 
grouped by content areas, i.e., arithmetic, algebra geometry, etc. 

43 



f;:iLk 3,2. Rd iab1lih,l ef th r. 10111[ mllthwuitic.r score for jJ~pull~timLr ra, tb , 30 
n11d 3b m each ~owitry . 

Country lU tb 3a 3b 

.88'2 .867 
.836 

=tralia .913 

Hctlgium .929 .91 ~ .906 

England .951 .958 ·92 3 .li95 

Fed. Rep. 
.800of Germany .897 .848 

FinJa.nd .888 .901 .865 .844 

Fr:ince .929 .92j -913 
Israel -9 1 7 .817 

,926Japan -941 .941 .925 

• etherlamls .g,µJ -9 15 ,794 
.861 .844Scotland .933 ·94° 
.897 .73':<Sweden .869 .869 

.844.A. .909 .906 -9 15 

Some staListical evident:e was gathered on the validity of tlle IEA 
Lest jn England by comparing "O" and "A" Level students' perfor
mance on t.he IE:\ test wiLh t.heir performance Lwo or three months 
later in their "O" ancl " " Level examinations. The average corre-
1 Lion was 0.65 for ''0" Level and slightly higher for "A" Level, 
which indicates that there i substantial overlapping, buL t.hat it is 
far from complete. However, in the absence of infonuation on Lhe 
reliability of the G.C.E., it is not possible to state how nearly the !EA 
te ts antl the C.C.E. are measuring the same achievemeurs. 

Questionnaires 

IL was decided to collecL information about as many rele ·ant varia
ble as possible that were likely to affect the mathematics perfor
mance of 1he students in the various countrie . Among the most 
obvious factors are home, school and the structure of 1.he educational 
system. The infonn,tlion about these environmental fiel~s was col
lected Jrom four main sources: the student, the m:iLhemaucs teacher, 
the choo] pri11cipal and an expert on the educational system of each 
country. Accordingly, tl1ere were four types of quesrionnaires: a Stu
dent Questionnaire (ST t ::incJ 2), a Teacher Questionnaire (TCH 1), 
a hool Questionnaire (SCH t), and a ational Case tudy Ques-

tionnaire. 

The data for variables on Lhe students' background and chooling, 
collected by means o[ t.he Student QuesLionnai.re, concerned such in
formation as grade, sex, age, size of mathemati s class. amount of 
mathematics instruction and homework, father's and molher's occu
paLionl and education, aspirations and expeClations for further 
maLhe.madcs, further schooling and occupation, best and least liked 
subjects, examinations taken and extra-curricular mathematics ac
tivities. The information requested from teachers cout:erned mainly 
teacher certificalion both in subjecl matter and professional train
ing, teaching e..xperience, recent in- ervice training, experience in 
"new mathematics·• and teacher freedom. The information on school 
characteristics collected concerned school enrolment, number of male 
and female full-time teachers, number of trained maLhemalics teach
ers, type of school, the amount of educational expenditure, age range 
of students in school and school finan ce. The National Case Study 
Questionnaire1 anernpted to collect both quantitative and qualitative 
data once.rning the tudeots i.n full-time schooling according to 
school type, selection pro esses, compulsory schooling, economic data 
to detem1ine the d gree of economic, industrial and technological 
development and sociological data to determine the role of women 
in society. Th.is latter questionnaire was completed by one person in 
each country who nol only knew bis own system well but also had 
a good knowledge of ll1er systems of education. 

Only the Student Questionnaires were pre-tested. They were ad
ministered (at the same time as the mathematics Lrial forms were ad
ministered) to judgement samples of between 100 and 150 students 
in each country at both the 13-year-old level (ST 1) and the pre
university level (ST 2). Few modifications proved necessary. The 
Teacher, School and Case Study Questionnaires were not pre-tested 
but subjected to comments from e.xperts in the field of questionnaire 
construction. Researd1 Centres could, if they wished, add extra ques
tions to the questionnaires for the purposes of a national sw-vey. 

It was, in some cases, nece sary to adapt and modify certain ques-

~ The construction of an occupational scherue is discussed in detail in Rustin 
et a/, (1966, Volume I, Chapter 8). l'ntcroal occupation was chosen as the main 
indicator of family stat11s. Nine categories of occupation were a.rrived at and 
agricultural occupations were given special categories within the nine. The diffi.• 
culties involved in a1Tiving at a classification scheme which is also a scale in 
all countries were formidable, but it was achieved in a limilcd w:i.y. 
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tions to nalional conilitions so that a quest ion was comprehensible 
to those answering it, or so that the information collected was com
parable and thus more accurate than a mere translation of the inter
national q_uestion: similarly. the source of information varied from 
country to country for some questions. Thus, for example, in some 
countries, the head teacher was able to give the data on teachers' 
salaries, but in other countries this information had to be collected 
from central records. Examples of the different ways in which the 
question concerning the extent to which ability grouping was prac
Lisedwithin schools are given in Chapter 6. 

The coding and punching schemes for the international question
naires were drawn up by an international commiLtee and these ap
pear in Husen et al. (1967) as an Appendix. to Volume I. The es
tablishment o{ international codes was an extremely difficult exer
cise; the establishment, for example, of one common code into which 
all school types from all countries could be fitted proved much more 
difficult than expected, anJ mud1 discussion and correspondence 
was required before all were satisfied with and understood the inLer
national codes. It should also be pointed out that a Student Opinion
naire was constructed, consisting of two environmenLal description 
instruments and five attitude scales, but since none of the data from 
the Opinionnaire are used in this book, its construction has not 0een 
described here. 

Data Collection 

Adminislralion 

It was extremely important to ensure that as far as possible uniform 
methods of procedure were employed in the testing programme in 
all countries, and also that very su-ict standardised procedures were 
used at the coding and punching stage. In ordei_. I.hat t.his should be 
tbe case, a smaJl committee prepared three manuals for National 
Centres· use. Manual 1 was designed to provi<le an adequate guide 
to .National Centres concerning all the main procedures to be taken. 
1t included a list of decisions to be made by National Centres, as 
well as suggestions for sub-sampling within schools and translating 
and prinLing the jnsu·uments; explanations of particular questions 
and their codes were also given, as well as instructions for sending all 
materials to the computing centre. The object was to indicate vari
ons methods of procedure to Lhe National Centres in the field work, 

and a uniform methou of procedure at th1: coding and punching 
stage. 

Manual 2 was a manual designed for che person responsible for 
the overall tesling programme within any one school. The National 
Centre could decide whether or not it wished to use this in its origi
nal or modified form. This manual included a general account of 
what the project was, the timetable for testing (which varied from 
country to country), instructions concerning the receiving and stor
age of testing materials 3nd preparntion for the testing sessions, in
structions concerning the lay-out of the testing room and the number 
of invigilators (proctors) required and the briefing of the test atlmi
nistrators and instructions concerning the return of all materials to 
the National Cenu·e. 

Manual 3 (which, again, could be used by the National Centre if 
so desired) was for test administrators and was the normal type of 
manual of instructions £or test administration. If a National Centre 
desired to use Manuals 2 and 3 in a modified form, their proposed 
changes had first of all to be confirmed with the Technical Director. 

The total testing programme comprised one and a hal( days' test
ing; this imposed a burden on a school, and for those schools where 
students at different levels were being tested, this burden was con
siderable. In some of the countries no nacional survey of this kind 
had previously been undertaken. This wa~, therefore, a fust experi
ence in large-scale test administration for some National Centres and 
for the schools, teachers and students in those councries. Difficulties 
were, of course, experienced, but the results of the experience were 
encouraging in that few data were lost because of difficulties met in 
the administration process. It was interesting to note that some Na
tional Centres, in whose countries answer sheets had not previously 
been used, decided to use them. The operation turned out success
fully and no difficulties were experienced; the instructions given in 
Manual 3 on how to till in the answer sheets appeared to be clear 
and comprehensive. Apart from the manuals, further instructions 
were seot out in circular letters, and the main points were every so 
often summarised in bulletins. 

In most cases, the testing in the classrooms was carried out by 
teachers, but there were e..'Cceptions; for example, in Belgium mem-
1,ers 0£ the psycho-soc,io-medicaux centres who are trained in test 
administration were employed. In Finland, members of the Deparc-
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rumt of Etlucational Research ol lhe nive1siLy o{ JyvaskyHi each 
touk responsibility for 1he schools in a particular area. The_ depart
ment suppli d them w1t.h cars, and they completed the testing pro• 
gramme within tw weeks. 

Data Recorrlmg 

The material from ea h school wa~ sent to the 'arional Centre. F r 
the laborious and painstaking work of 1·ecording the data from the 
questionnaires on to punch cards or on lO special answer sheets de
signed for the I B I 1:?30 machine (which then produced a punched 
card for each answer sheet), each a1ional Centre either employed 
some o{ its own staf[ or hired special stail to do the coding, all of 
whom wor1ed under the supervisi n of the person responsible for 
the IE project in each centre. Certain quest.ions were asked in dif
ferent ways in different ountries, aud it was, as has already been 
poinre<l out, oi paramount importance that the informati~n given 
in response to ear.h question wa recorded in a standardised way 
from ountry to country. For this reason, the responses rn as many 
questions as possible were pre-coded. Where postcocling was re
quired, the columns and ranges on columns (i.e., number of punch 
positions) were specified. 

To eusure tan<larclised recording of data, certain check proce
dures were set up, which involved Nat.ional Centres sending tl~eir 
own cm.ling and punching scheme for checking to the IEA secretanat. 
After this had been approved and when coding and punching :

f

had beo-un at the National Centi-e, Lhe first twenty punch caJ·ds o! p.0 - •
each type of questionnaire, plus copies of the que uonnau-es, were 0

:

ent to bicago for checking. 
ational Centres were informerl of any errors picked up in these 

two checks and were asked to correct t.hem before coding and punch
ing n£ all the questionnaires proceeded. 

fteI all the answer sheets and punch cards were ready they were 
despatched to Chicago where all data were entered on to mag1~e~c 
tnpe at the nivers.ity o[ Chicago Computation Center When it 1s 
reali ell that in all twelve countries together, 132,775 student from 
5348 schools were tested, and that quest.ionnaires were fi l_led in by 
13,304 teachers and 5348 headtead1ers, -it will be app:ec1ated that 
the amount of time required t record these data at 1 at1onal Centres 
was n()ru1ous. 

Fluw Charlfor Data Handling 

Piles Ptoduud :--.•auon:tl Centers 
~ 

(Data) 
t 

A. Punch cards 
ST1 

E-< ST2 ;:, Chicago 

z"-< SCH l 

,.., TCH 

! 
1 (Answer Sheets) (Punch cards from: 

sn·, scH 
(National Case 

T2, 1, ludy R ·ports) 
and TCH 

Optical 

Punch Cards 

l 
1) 

1-i30 
Reader 

IB!\1' 7094 Computer B. Punch cards 
(editing, sorting, and mathematics 

organization of records, tests 
.i, student 

opinioaaires Master Tapes 
~ 

IBM 7094 Computer C. Maslcr tapes 
{scoring, transcription of 

dala, weighting, and deriva
tion or indices) 

~ 
,-------- Working Tapes D. Working tape, 

IBM 7094 C.Ompuler 
(statistical analysis) 

-, 
:, School Reports Univariate Statistics Bivariate Sta.tistics E. School report. 
..... F. Univariate 
:i 
 IBM statistics 7094 Computer 

G. Bivariate (statistical analysis) 
statistic:i 

Results of Hypothesis Testing: H. Multivariate 
Multivariate Stafutics statistics 

Data Processing 

Although the fust data arrived in Chicago in September, 1964, pro
gramming had already been underway for a good nine months. The 
main programmes to be written (apart from programmes for specific 
hypothesis testing) were the editing, sorting aud filing progl'am.me, 
and the programme for compiling the working tapes from the master 
tape. On the arrival of the Answer Sheets, there was a considerable 
delay, since it turned out that about one-fifth 0£ all the Answer 
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Sheets had to have their responses "re-blackened", and a certain 
number of -Answer Sheets had lo be completely recopied, since their 
edges had been damaged in transit. 

The data (approximately fifty million pieces) were entered on to 
the master tape in their raw form (i.e. every response lo every item by 
every individual-student, teacher, head teacher and national case 
study e.xpert-at every level in every country). Four edited working 
tapes were co))'lpiled, one for each population. All mathematics 
scores were weighted (see Chapter 2) and corrected for guessing on 
the working tape, and mathematics sub-scores and various derived 
indices have been produced. Analyses were then carried out in two 
stages: first, univariate and bivariate statistics were produced for 
each population in each country; second, specific hypotheses were 
tested, as well as a multiple regression analysis being run. The com
puter used throughout was an IBM 7094. T he flow-chart on page 49 
may be u~fuJ in understanding the total processing system. 

Summary 

T he steps taken in the construction of the mathematics tests were: 

(:1) content analysis of mathematics courses and statement of objec
tives of mathematics 

(b) preliminary outline of topics and objectives drawn up as test 
blue-print 

(c) topics weighted and test blue-print produced 
(cl) four hundred and ninety-seven trial items formed into s:8 pre

test forms 
(e) fow·teen pre-tests tried out at 13-year-old level and four teen at 

pre-university level on judgement sample$_ of approximately 
150-200 students al each level. Each test was tried out in at least 
four countTies. In some countries some tests were also admin

istered to 15/16 year-olds. 
(l) item analysis 
(g) ten final tests (174 items) constructed such thar one test was 

common to at least two different populations. A maximum of 1 7 
different sub-scores could be computed. 

(b) evidence of the concurrem validity of rhe IEA tests in England 
was collected for two populations. The average correlation was 

about .65. 

Background information was collected on students by means of a 
student questionnaire. one version being admjnistered to 13-year
olds (ST 1) and another to the pre-university students (ST 2). These 
were pre-tested on judgement samples of approximately 100 students 
in seven countries. Very few changes were required. Background in
formation on the students' teachers and schools was collected by 
means of a teacher questionnaire (TCH 1) and a sc.:hool question
naire (SCH 1). Neither of these was formally pre-tested, but each 
was worked out by experienced questionnaire constructors. All ques
tions and codes were found to work satisfactorily. Some difficulty 
was experienced in the establishment of international codes, but it 
was found that the "common moulds" eventually proved appropri
ate. Data to provide a contextual background for the findings 0£ the 
research in terms of the school system and societal and economic 
factors etc. were collected by means of a National Case Study Ques
tionnaire completed by a national comparative educationist. 

Three different manuals were produced for use by National Cen
tres, school testing organisers and actual testers, so as to ensure 
standardisation of procedure throughout all the full testing pro
gramme and coding and punching stages. In most cases, the actual 
testing was carried out by teachers, but in some cases was carried out 
by trained testers or by students of psychology or education. 

All responses to the mathematics ilems were recorded on specially 
prepru:ed I BM 1230 answer sheets. Responses to questionnaire items 
mostly pre-coded, bllt. some required post-coding) were punched on 
punch cards at the National Centre, but only after a series of checks 
had been carried out on the punching of the first twenty of each 
type of questionnaires. Answer Sheets and punch cards were then 
sent to the University of Chicago Computation Center and there all 
responses were entered on to a master tape. Working tapes were com
piled, involving the weighting o( scores and the derivation of sub
scores and special inctices. Analyses were then carried out in two 
stages-the production of univariate and bivariate statistics and 
the testing of specific hypotheses. 



CHAPTER 4 

The Investigative Situation 

The problems examined in the present study will be viewed ::tgainsl 
the background o( the school otganization of the countries included. 
The aim of this chapter, therefore, is, firstly, to describe briefly the 
structure of the educational systems participating in the study, and 
secondly, to describe in some detail various aspects of the systems 
relevant to the features of school organization ta.ken up in Chapters 

5 to 7. 
Before noting the difCerences between the st~ucnrres of the systems, 

it is worth mentioning several features which they obviously have in 
comr.non. All have universal primary education. All are high income, 
technologically and industrially developed nations when compared 
with tlie world as a whole. All have a tradition of education. 

Apart £tom the differences in the structures, it is necessary to state 
that tl1e geographical and cultural contexts in which these structures 
are to be found vary widely. No evidence which is used in this study 
is concerned with national socio-cultural djffe:rences, an.d measures 
of sudi cultural differences, will, tberefore, not be dealt with here. 
What then are the major differences in the school structures? The 
first diHerence concerns the age of entry to school. This varies from 
five years of age in England and Scotland (which differ in their over
all structures as can be seen from Figures 4.3 and 4.8), and seven 
years of age in Finlan.d and Sweden. Since in Chapter 71 the problem 
is taken up of the association between mandatory age of entry to 
school and mathematics scores at age 13, it should be pointed out 
that within limits, whereas children entering school at five in Eng
land and Scotland are gradually led towards the formal type of les
son, in other countries there tends to be a formal type of schooling 
imposed fairly quickly. Furthermore, there is considerable variation 
between countries in r.he proportion of an age group which attends 
our e:ry sc:hool or kindergarten (cf. Chapter 7). 

The second major difference is that some systems practise inter-

school grouping, wh( r! others do not. The former systems select a 
perceo.tage of an age l, oup (ranging from 15 to 25 % ) at a certain age 
out of the main scho•l into a selective-academic schoo1. The age of 
selection ranges from ,en in the Federal Republic of Germany, to 
twelve in Scotland; the mode of select.ion also varies from ability and 
achievement testing plus interviews (for some) in England to teach
ers' judgements alone in other countries. There is evidence to indi
cate that these forms of selection are associated with social factors 
even when ''objectiv~·· selection instruments are used (Undeutsch, 
1960; Halsey, 1961; Douglas, 1964; H:usen, 1966). Tbe latter systems 
have no different types of institutions during compulsory schooling 
and all children, irrespective of social origjn or academic ability, 
proceed through the sd1ool without being separated from their peers. 
It is only towards tl1e end of the compulsory term of schooling that 
some degree of differentiation of programme is allowed. 

Figs. 4· l -4. IO. 
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Structures 

e ore proceeding to comment in more detail on some o the differ
nces, a set of figures is presented indi ating ~1.e proportions of 

B
e
children in full-Lime education and how these are distributed among 
major school types within counuies.1 The figures are based on data 
ollected in the Nati.anal Case Study Questionnaire as well as from 

the Unesco World Survey (1961), where this was relevanL Although 
the names of the types o( school have been given, the school types 
are also designated as belonging to one o( four categories: compre
hensive, elective-academic, selective-vo :llional or remainder. The 

1 Similar dis ussions on thi~ puiot are to be found in Postlethwaite. 196,; and 

Hus~n et al., 1967. 
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rst three categorie are self-explanatory; by remainder is meant the 
type of school which those students attend who are not selected out 
in a selective system (e.g. Seco11dary Modern School in England, 
l'olksschule in the Fec;teral Republic 0£ Germany, etc.) The propor
tions till in chool :ir proportions of an age group. The grades in 
which most of an age rroup are to be found are given by the ide of 
the age group. Grade D is Population 1b in each country (see 
Table 4. 1). 

In connectfon with the figures oo pages 53-57 and al o with 
Table 4.3, it should be mentioned that a) in Australia at the age 0£ 
cighteeo there is ;;,. J:uge decline ii1 the proporlion of an age group in 
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schools and that this is partly auributable to the low age of entry to 
institutions of higher education; b) in Germany not all of the voca
tional schoo1s are selective and c) by 1970 .in Sweden, all children up 
to the age of 16 will be in comprehensive schools. 

From the figures it is possjble to see the different ages of starting 
school, the point at wbicll selection takes place (if it does at all) and 
the approximate per entage of an age group remaining in school 
Lhrough the variou grades and in various chool types to the end of 
secondary schooling. Although more detailed comment is made in 
Chapter 7 on the mandatory age of starting school, it would be use
ful to provide a separate table indicating the median age of entry to 
school, the mand:uory age at which compulsory schooling ends an l 
the average age of students three months before the end of the pre-
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university year. The source o( the first two pieces of information is 
the ational Case Study Questionnaire, whereas the last piece of in
formation comes from the Student Questionnaire. The data are pre
sented in Table 4.2 . 

It must be remembered that the degree of pre-sd1ooling (nursery 
school, kindergarten, etc.) varies from country to country-see 
Chapter 7, Furthermore, wpereas in most European systems there is 
only one entry point t school each ye:u·, jn England and Scotland 
there are two or three. There is evidence from England (Douglas, 
1964: Pidgeon, 1965) that the multiple points of entry, together with 
other factors of school organization, affect the size of the standard 

• ll should be nolcd that although. the most frequent form of school otganization 
has been showt'l here, namely che 6-3-3, other forms do exist: 6-2-4, 8-t, 
5-3-4 and 5-4-!I· 
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Table 4.1 . rb populalwns-dl!Signation nfgrades. 

• usrralia 1st Form- in New South Wales, Queensland 
outh and Western Australia 

,:md Form-in Victoria and Tasmania 
Bclgium 5': (12e A3 in Ensdgnemwt Techniq~) 
England 3rd Form 
Fed. Rep. 
of Germany 7. KlfJ.f.fe (Schu/le,stungsjahr) 

Finland 7 in primary school 
t in civic school 
3 in secondary academic: school 

France 5e (C.S.E. in lco/( primaire) 
Israel K!l4t (8th Grade or elementary school ) 
Japan Ni-nen 2nd Grade 
Netherlands 6e in primary schools 

1e in other schools 
Scodand ,:rnd year of secondary course (S2) 
Sweden Arskurs 7 
U.S.A. 8th Grade 

deviation of an age group on scores obtained on achievement and 
ability tests aclntin..istercd at, for example, the age of 8 or t 1. 

Similarly, although all countries tipulate a minimum age which 
students must attain before leaving school, there is only one point 
of exit per year in some countries and two or three in others. It 
should be noted that there is a general movement in most countries 
to increase the statutory leaving age and that by 1970 few of the 
countries which have partiripatecl in this present study will have a 
statutory leaving age below 16. The differences between the average 
ages in Populations 3a and 3b are of interest, but an explanalion 
other than that of sampling fluctuation i difficult to find. 

The amount of inter-school differentiation be!!lg practised in Lhe 
various s tems can be seen from the Figures 4.1 to 4.1 o. lt should be 
st.rongly emphasised that those schools te1111ed comprehensive in• 
elude a variety of schools, ranging from those where all children 
from an area atcend, but are strictly divided -into ability groups 
wilhin the school (e.g. some Comprehensive Schools in Scotland), to 
those where all children are -in heterogeneous groups at least to the 
age of 13 (e.g. Swedish Comprehensive Schools). The average amount 
of auility grouping practised with.in schools in each of the partici
pating countries is given in Chapter 6. 

Table 4 • .:. chool: MedifJJI age of ,nt,y, mandatory mimmum o.ge of lwoing and av#T'Qge 
age of completing pre-university year. 

Median age of Mandatory minimum Average age of completing 
entry age of leaving pre-university year 

3a 3b 
Awtralia 5 yrs 7 me. 14-16 ytars 17 yrs 2 mo. 
Belgium 6 yrs 2 mo. 14 years 18 yn 1 me . 18 yra o mo. 
England 5 yrs 2 mo. 15 years 17 yrs 11 mo. 17yrs u mo. 
Fed. Rep. 15 years full time 
of Germany 6 yrs 9 mo. 18 years part time 19 yrs 10 mo. 19 yrs g mo. 

Finland 6 yrs 8 mo. 15 years rg yrs Imo. 19 yrs 2 mo. 
France 6 yrs 3 mo. 16 years 18 yrs 7 me. 18 yrs 9 mo. 
Israel 6 yrs 3 mo. 14 years 18 yrs 2 mo. 
Japan 6 yrs 6 me. 14 years 17 yrs 8 mo. 17 yn 8 me. 
Netherlands 6 yrs 5 me. 14 years 18 yrs 2 mo. 18 yrs 7 me. 
Scotland 5 yrs 2 mo. 15 years 17 yrs 6 mo. 17 yrs Imo. 
Sweden 7 yrs I me. 16 years"' 19 yrs 7 mo. 19 yn 7 mo. 
U.S.A. 5 yl'lS 8 mo, 16 years (Some L7 yrs 9 me. 17 yrs 1omo. 

states appl'Oxi-
matcly 18 yrs) 

• According to 1962 Education Act. 

Attrition Rate 

Although it is possible to gain an approximate idea of the attrition 
rate from Figure· 4. 1-4. 1o, it would be useful to ex.amine the various 
attrition raLes in more deLail. In Chapter 5, the mathematical 
"yields" (or "outputs") of several systems are examined, bm the e 
refer only to those still in school. Thus, for example, although it is 
interesting to compare the "yields" of those in school, this approach. 
has limitations, since it would obviously be of interest lo know the 
"yield" of those who have "dropped out" of school. This was not 
done in this study, but it is important to be aware of the varying 
proportions of students "dropping out" in the participating coun
tries. In systems where st udents progress through the school more or 
less in age groups (e.g. England, Japan and Scotland), it is easy to see 
how many have participated both how long and how far in the sys
tems. Unfortunately, in systems where grade repetilioo is frequent, 
or where advanced placement is common, or again where students 
may have begun school earlier than the mandatory age of entry to 
school, iL is difficult, aEter looking at either th.e age or grade drop-
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Table 4.3. Pruport1on qf boys and girls of tht tolal age group in sclwol and by gmde. 

Age Age Grade 

Country ' e.,c: 13 14 15 16 17 18 19 20 D E F G H I 

J\U5tral ia B 100 92.1 69.9 40. 1 19·5 7.2 5t.4 5r.9 52·4 56.1 59 .3 
G TOO 90.0 61.6 3r.4 n.8 2.5 48.6 48.1 47.6 40.244·9 

Belgium B 94·•• 114-7 67.5 67-4 +l-3 27.1 15.1 9.8 49.7 51 .8 54.5 56.5 59-5 , 97.1 80.7 63.1 56.0 '.33·3 17.5 7-4 5.0 50.3 48.2 45.5 43.5 4o.5 

ngland B 100 1()0 43.4 5.4 o.6 51.1 53.8 23-7 1 3·5 54·1 52 ·5 57-3 
100 IOU 41.0 21.I 10.5 2.8 0.2 48.9 48.9 47.5 46.2 42 .7 

Federal Rep. 
of Germany B JOO fl3.5 56.2 31.1 ,4.9• 15.7• 14.2• 7.0• 51.6 51.1 52.1 49·2 57,5 6,.8 

18.G•• 27.0•• 17.0*•24·5*· 
G 100 83.5 55· 1 29.6 11 .0• 9.1. 7.1* 2.3• 48.4 48.9 47.9 50.8 42 ·5 38.2 

14.6** 14.0•• 11.4*,.. 5.8.. 

Fiuland 13 99.6 98.0 40.2 27.0 ~o.o 14.z 9.3 3.8 48.8 49.o 43.8 43.8 43.8 43.8 
G 99.8 98.8 45.9 35.0 27,1 19·4 10,3 3.9 51.2 51.0 56.2 56.2 56.2 56,2 

France B Not available 50.2 45.r 45•3 47-4 52·9 
G Not available 52.649.8 54.7 54.9 47· 1 

Israel B Not availabk 50.8 50. 1 5o.9 50.9 5o.5 
G Not available 49.2 49·9 49.r 49· 1 49·5 

Japan B 99.8 99.8 64.9 60.1 56.3 51.0 51.0 51.7 51.2 50.8 
G 99.9 99.9 63.2 60.7 56,8 49.o 49.o 48.3 48.8 49 . .2 

ether lands 13 100 86.B 72.6 60.4 47.0 32.7 21,1 l !i,9 ot a va.ilable 

99· 1 78.9 50.4 3o.4 19.6 I I ,8 8,o 4.9 Not available 

Scoll:,.nd B Not avai lable Not available 
G •ot available Not available 

Sweden B 95.6 79.7 55.9 43.1 34.6 28.3 16.2 11.Q 51 •5 49·5 49-3 51.8 59·247-1 
G 96.1 83.7 59.9 46.3 34-4 17.8 l t.2 48.5 5o.5 52.9 50.7 48.2 40.U28.0 

.S.A. B 96.9 95-4 93.0 . 86.5 74.8 50.8 51 .0 50.8 50..2 5o.7 
G 97.o 95.3 92.6 86.o 74.3 49.2 49.0 49·2 49.8 49.3 

• Academic *'" Vocational 

our figures, to have more than a general picture of how many stu• Table 4.3 gives both the age group "drop out'' by sex, and at the 
dents participate how far. For example, in Germany, students begin same time the proportion of boys and girls in each grade for each of 
leaving school after the age 0£ 13, but Grade E (the post 13-year-old the countries in the study, except for Israel; there are no figures 
grade) has an estimate<l hundred percent of an age group sti ll in made publicly available for Israel. The figures were those whidt 
school This is due to early starting school and to advanced place,. were the most recently available in 1964 and in an cases are post 
ment, 1960. Grade D is the grade in which most 13-year-olds were to be 

60 61 

https://Scoll:,.nd


found when the testing took place (i.e. Population 1b). For Germany, 
the figures for the last year in school Cor both. the secondary academic 
schools and the vocational schools are given, although it is only the 
secondary academic schools which are considered in this study. 

Many more details are given on the age and grade drop-outs in 
each of the participating countries in Postlethwaite (1965), but 
Table ·1·3 gives sufficient information for it to be seen that in the 
United States and Japan (where large numbers ontinue through to 
the eml of the pre-university year) approximately equal proportions 
of boys and girls drop out, whereas in all other countries (with the 
c. ception of Finland) proportionally more girls than boys drop out. 
It is also interesting r.o note that some countries ltave succeeded in 
persuading fairly high proportions of an age group ro elect to con
tinue in school past the statutory age of leaving: of particular note h 
che reg·ul::tri t y of the drop-ouc in Belgium and Sweden. 

Specialization 

The average nnn1ber oE subjects studied in each grncle in secondary 
schooling varies from country to country, In England, for example, 
it is the custom for stLtJe.nts to study up to nine or ten subjec~s (or 
sometimes more) until the age of 15 or 16, when they either leave 
school or ta.k.e the first major national e ·amination, the G.C.E. "O" 
level examination; thereafter, they tend to study only tbl'ee or four 
ubjects, In other countries, such as Belgium, Gennany and Finland, 

as many as nine or ten subject· are stuiliecl right through to the pre~ 
university year. 

In Chapter 7, an analysis is carried out in wl1ich one classificatory 
variable is the average number of subjects studied by pre-university 
students in each of the participating countries. However, it is also of 
interest to note the average number of subjects studied in the grades 
preceding the pre-university year. 

Table 4.4 sets out the average number of subjects studied in the 
pre-university year and the four preceding years in the secondary 
academic schools. or programmes. The counuie5 are ordered accord
ing to the average number 0£ subjects studied in the pre-university 
year. 

The figures for the United States may appear surprising, but it 
must be remembered that because o( the system of credit points, 

Table 4.4. Au~rage number of .rubjcct.r sludidd in la.rt fiuo grades 
flj reconda.ry academic schooling*. 

Pre-university 
X-4 X-3 X--2 X-i grade (X) 

Belgium 9 ...- 9-'- 9T 9-r g + 
France g+ g+ 9+ 9+ 9+ 
Netherlands g+ g...- g+ g+ g+ 
Japan 9-t- 9 g -t- 9-t g + 
Finland 9 9 9 9 g 
Fed. Rep, 

of Germany 9 9 9 9 9 
weden 9 9 9 9 9 

Israel g+ g+ 8 8 
Australia 8 8 8 7 6 
Scotland 8 7 6 5 4 
U.S.A. 5 4 4 4 4-
England g+ 8 8 3 3 

• Source for these data was question 14 on the National Case Study Question-
naire. 

compulsives and electives in the Senior High School, it is unlikely 
that the subjects noted here ("solids'') will be the same from year to 
year. 1n general, the figures in Table 4.4 indicate that, from the 
countries particjpating in this study, England and Scotland have 
adopted specialisation, whereas the other countries have continued 
general education, with the exception of Australia and the United 
States, which are half-way between. 

Summary 

The results of the present study must be viewed against the back
g,-ound of the school o.tganisation of the participating countries. Of 
particular interest for the problems investigated here are the ways in 
which the students progress through the system, the poims at which 
selection takes place, and the percentages of students in the different 
forms of schools, in particular, comprehensive, selective academic, 
selective vocational and o.ther school types. (Figures and tables indi
cate these features for each of the systems.) In general, both the 
United States an.d Japan can be saicl to be retentive in that they have 
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well over half of a year group conti!lning through to the pre-u11iver
sily year. Sweden, however, has recently changed from llle tradilional 
Eurnpean dualisLic pattern of educa1-io11 to the comprehensive, but. 
in Scot.land, although it has a high proportion o( so-called compre
hensive schools, 1..he system of education is still bas.ically dualislic, 
since the dualistic pattern is preserved within the comprehensive 
school thl'ough the practice of educalional di{ferent1ation. Similarly, 
it must be remembered that in England many of the "compre
hensive'' schools do not conr.ain students from the full disLribution of 
ability withil"l. the areas, as often the top ten to twenty percent in 
terms of ability are attending a local gmmmar school. Although in 
Germany there are some students who attend Fachschnlen, Berufs
schulen or Ingenieurschufon foll time in the last year of secondary 
education, these have not been considered in this study. 

The am-ition (drop-out) rate after compulsory schooling tends to 

be very high in selective countries, but it is interesLing to note how 
regular the drop-out is in both Belgium and Sweden. The age com
position of the. pre-university year also varies greatly from system to 
system. 1n the United States, Scotland and Japan it is low, and in 
Sweden, Gennany and Finland it is high. 

A further important factor to be taken into account when com
paring systems is the amount of specialisation in the last year of 
secondary education. Enghrnd and Scotland are ltighly specialised 
(three or four ~ubjects), whereas in other countries students study at 
least six subjects and usually nine or more. 



CHAPTER 5 

Retentivity 

As was .seen in Chapler 4, tbe atlrition rale and amount o( alLr.ition 
differs c:onsiderably among the couur.ries represemeu in this projecL 
In general, the U8A and Japan have highly retentive systems of 
education in the sense that a high proponion of each year group 
continues through to the end oI secondary educalion. In. Eurnpe, on 
the other hand, rhere is a much smaller proportion of a year group 
proceeding to the pre-university year. The different proportions a.re 
connected with the different philosophies of comprehensive ;:md se
lective school systems as well as reflecting differing socio-economic 
structures between the countries. Secondary education in most Euro
pean countries has been characterised, until recently, by the selection 
and transfer of "more able'' pupils into separate types of academic 
school while tl1e rest of the pupils have remained in scl1ools initially 
designed to provide a basic education for the majority of children 
(e.g. elementary scool, Volksschule, ecole primaire). 

The academic secondary school, with a long tradition going back 
to the medieval Latin sd10ol, has tended to reauit (select) ilie bulk 
of its pupils from the higher socio-economic strata. On the other 
hand, the development of public education in most parts of the 
United States has not been markedly affected by traditional prac
tices, with the result that the eight year elementary schools were not 
regarded primarily as a preparaLion for secondary schooling, but as 
self-contained establishmenlS capable 0£ extending their provision to 
-:,..-,<;· the educational needs o.E the community. Thus, in lhe Euro
pean school systems, there developed the practice of selecling an 
elite to go through to the pre-university year, whereas in tl1e more 
comprellensive systems (e.g. U.S.A.) the type of system was such lhat 
the1·e grew up a deliberate policy of encouraging as many pupils as 
possible to continue through to the pre-university year (cf. Rusen, 
1962). 



nowever, many ot the European countries are at present revising 
tl1eir policies. :Economic growth and the recent rapid advances in 
science and technology have created the need for a more prolonged 
period of general education for all young people and not just for the 
most able minority, with the result that successive increases in the 
duration of compulsory schooling have been made in most European 
countries. Furthermore, I.he need for more skilled and better in
formed manpower has also resulted in a sub·tantial increase, in mo t 
countries, .in the numbers of young people choosing to continue their 
education beyond the statu tory .chool-leav_ ng age. In Sweden, for 
example, in 1950 only ten percent of seventeen-year-olds proceeded 
to gymna.siet, while by 1964 the proportion had ri5en to twenty-eight 
percent (Yates, 1966). By 1970, it is estimated that nearly 30 percent 
will wish to enrol in gyrnnasiet (Dahllof et al., 1966). This increased 
proportion of a year group continuing to the end of secondary edu
cation is often accompanied by a restructuring of the educational 
system itself, either by the introduction of a comprehensive system 
0£ education with no selection or by delaying selection into the aca
demic secondary school. 

Jn the Case Study Q uestionnaire, data were collected on the actual 
number of students in each year group still in full-time schooling, 
as well as the actual number of students in each grade group. 
The national statistics which were the sources of these data were, 
in general, ava.i\ab1e, depending on the country, for the years be
tween 1960 and 1963. In every case, it was the most recently avai l
able statistics which were used. Furthermore, the heads of ational 
Centres were asked to estimate for 1964, at the time of testing, (a) the 
percentage of an age group in school at the pre-university level and 
(b) the proportion who were specialisi11g in mathematics (enrolled in 
the terminal Mathematics-Science programmes). The division into 
mathematics and non-mathematics students in the pre-university 
year has already been discussed in Chapter 2. It would seern that in 
some ational Centres approximations were made to the nearest 
whole number, whereas in others, the proportion was calculated to 
the first decimal place. The acwal figures supplied are used in this 
analysis. 

These figures are given in Table 5.1 in which there are also given, 
in the fourth column, measures of the degree to which each country 
has adopted a comprehensive syslem of education. This has been 

assessed by the percentage of students in the y w1ger and omp_leLe 
age group (Population 1a) attending so-called "co~prehens1ve" 
schools, This information was collected by means of the School Ques• 
tionnaire (see Appendix. II, Volume I of Rusen et al., 1967). A corn• 
prebensive school was described as offering appi-opriate courses for 

students of all ranges of ability. 
From Table 5.1 it can be clearly seen that there is considerable 

· ariation among the countries in this study in the percenta~e of _a 
lear group continuing through to the pre-university year. Sinct' 1L 

has been possible to meusure the matheinatics achievement. of the 
re-university srndents as well as the 13-year-old tudenrs1 in the 

~ountries it is worthwhile pasing several questions concerning the' . . 
amount of mathematical achievement of both the pre-umvers1ty 
groups (in terms of the percenLage of a )'ear group still in school) 

and the 13-year-old group of students. 

Table 5.1. J,,dices qf retsnlivity arid oomprehmsive erlucatiQti. 

Retentivity (parentages of 
age group) Oomprchc:nsiveni::ss 

(percentages tif 

3lJ .Pop. 1a) Total 3aCountry 

709Australia 23 
09Belgium 13 

England 12 5 ? 9 

Fed. Rep. 
ll 6.5 0

of Germany 4·7 
Finland 14 i 7 D 

France II 5 0 

96Isr::iel 7 
100

Japan 57 8 4!! 

Nethi,rlan<ls 8 5 3 D 

1-z.618 44 
16 64 

Seal.land 5·4 

Sweden 23 7 
18 52 92U.S.A. 70 

The ra k correlations 0£ the tlu-ee indice of retentivity wi1.h the ex
tent t whidl pupil are bdug educated in comprehensive schools 

are 0.89, 0.76, and 0.73 respectively. 

;-;;-<kscriplion oE lhe pn:•uniVt'.LSity populations see pp. 2g7-239 of \'OI. I ~l 
}fuscn ,., a/. (i 967). For description of the 13-year•old grade gn,up see p. 29 1n 

rhis book, 
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First of all, it is possible to examine whetl\cr t.llere is a difference in 
the average score of student!. (in both of the t vo pre-university popu
lations) in systems with different amounts of retenuvity, i.e., if more 
:a'l.ldents are allowed throu.gh will this lower the average standard of 
performance'! Secondly, it is possible to examme the relative perfor-

' mances o{ the students by certain intcrnation~l standards by taking 
the number of students above the 95tJ1 international percentile and 
then discovering. for each nation, (a) what percentage thjs is of 
the students in full-time schooling and (b) what percentage these stu
dents are of a year group. This analy is will assist in an examination 
of the problem 0£ whether or not the standarct of performance of the 
best students in the pre-university year deteriorates if a larger per
centage of an age group goes through to the pre-university year. 
Thirdly, it is possible lo examine the mathematics perfotmance 
''y£eld" of the target populations in the study. By "yield" is meant 
how many students are brought how far (in chis case in terms of 
mathematics achievement as measured by the IEA tests), within the 

·framework of full-time schooling in the educational syscem. This 
takes into account both the number of persons (in terms 0£ the per
centage oE an age group reaching a particular leve1) and the level 0£ 
achievement per person, and is therefore not simply a comparison of 
means between countries, irrespective of the differing percentages of 
m age group making up the population being compared. In this 
last case, it is also possible to compare increase in "yield'' between 
the 13-)'ear-oltl age gr up (where virtually one hundred percent 0£ 
an age group are still in school) and the pre-university group o[ stu
dents. Thus there are three main problems, all of which are related 
to retentivity, which will be examined.: Average performance, Fixed 
international standards performance and Yield. 

ln this connection it should be pointed out that there are differ
ences on some major independent variables among the pre-university 
populations in lhe c.ountries participating in this project. There is a 
wide variation in the socio-economic sta tus composition of this 
group, ranging from a composition somewhat sunilar to the general 
population in the U.S.A., to a predominantly 101ddle-ciass composi
tion in Germany. second major disparity is the mean age2 which 
ranges from 17 years 2 months in Australia to 1g years 10 months in 

• For a clifferent analysis of age, tetentivity and score see p . 68 ~t s<rq., in Rusen 
el al. Vol. ll ( 1967). 

t.he federal Republic:. o( Germany. A third variatic,n Lies iu the 
avet'age number of llhjects tt1died i.n the pre.-mriversity yeilr, rang
jn fr m 1..hree jn England to nine or more in Belgium, l•rance. J a
pa0n and the ~ etherland . These cli. crepancies have been tle:'llt ~i~1 
to some extent in Chapter 4 of this book and in u\u h m re detnil rn 
Chapter ~ of Volume l of tJ1e IEA publication (Rusen et a.I., 1967). 

Jn the di5cussion of yield, Popul:uion 1b ha~ bee.n used ralher 
than Popu1alion 1a, :i l1..hough che latt er would ba e been better sir:c 
it is a chron logic:tlly comparable group. However, four coumnes 
V\u tralia Fr:m e, lsra.e\ and the Netherlands) were lost ~(, the pre
university level, since eiu.1er they did not test Popub.11011 3b. or 
their sampling procedures were considered to be in:tdequztte. II 1:i 

t1ad been chosen (or the lower level rather than 1b, there would have 
only been seven cc,unLries left, since Germany did nol tesL ta. H ence, 

Population 1 b was cllosen. 

Average Performance 

The per ·entages of an age group sliJI in school (circa 1gf,4) in the 
two I re-uni-versily popul.lti.ons have been gi\ren in 'f3 Ille 5.1. The 

Table :5.2. To/(1[ r11nlh,matics s~•o,·,, meam, ~-/1111d<Jrd dwiati1m., olld , 's 
Jor pQpufotions 311 and 3b. 

Pre-university 
math-s~encc programme 

Population 3a 

Pl'e-university mm 
math-sciem•c programme 

Population 31, 

Country· M S.l) , M s.o. 

Auso-alia 2 1.6 10.5 1089 

13e1gium 
England 

34.6 

SS-2 

!2.0 

!!2.6 

519 
967 

24.2 

21 -4 

9,5 
H),0 

1004 

1782 

Fed. Rep. 
ofGenmmy 

Finland 

28.8 

25.3 

g.8 
g,6 

6-1-9 

369 

'l7'7 
:n-s 

7.6 
8.1 

64.3 
399 

France 33•4 10_8 !22~ 

lsracl 36-4 8.G 14G 

Japan 31 •4 14.8 818 115.3 14 ,'i 4372 

Netherlands 
Scotland 

31.9 
25.5 

8.1 

10..1 
462 

1422 20.7 9.5 ,U23 

Sweden 2 7•3 l 1.9 776 12.6 6.2 2~2 

U.S.A. 13.8 12 .6 1568 8.3 9.0 2042 
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means, standard. deviations and N\ £ r Populations 3a and 3b are 
givt"n in Table 5.2. 

The relation 0£ mathematics score to th~ percentage of :'ln age 
group in school by counu·y is shown for P0pulations 3a and 3b in 
Figures 5.1 and 5.2 respectively. The rank correlations between the 
mean score and the percentages of an age group in school in each 
population are -.62 and -.36 for Populations 3a and 3b respectively. 
The decrease in mean store as the percentage of an age group re
tained in school increases is clearly discernible in both populations, 
giving weight to the contention that the greater the retentivity, the 
lower will be the average score of those retained. It might also be 
thought that the smaller the percentage of an age group retained. 

Fig. 5.1. &lation of Mea11 Math~,nalics Score to Percentage of Age Group in 
Populatio11 by Country 

(Population 3 a) 

to 

38 

JO 

34 

• N 31 • I 

30 

8 
~ 

18 

"' 0 
ii l6 

• Sc • FI~ 

i .s:
2,4 

C 
0 

~ 22 

20 

18 

16 

14 

12 

10 
2 6 e ,o 12 u ~~ 1e 20 

Poroentog• of "'s• Group In Populot.on 

 70
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e smaller would be the sLandard deviation, since Ihose retained 
 likely to be more homogeneous in terms of matltematics achieve

th
are
ment. There is some support for this, since the rank correlaLions 
between the percentage of an age group in chool and standard de
viation are .20 and .60 for Populations 3a and 3b respectively. The 
standard deviation is more likely lo depend on how the grollps re
tained are organized either within schools or between schools, and 
not just on the proporLion retained. Tlus must be a matter for 
further research. 

Fixed International landards Performance 

Apart from e.'<.amining the relationship between average cores and 
retentivity between ountries, it is also interesting to employ another 
method of examining this problem - that of fu:ing a set of inte.r
national standards to find what proportion of its pre-university stu
dents each country has been able l0 bring to each of these slandar<ls. 
Thus, we can e..xamine not only whaL is achieved by the best student 
in each couot.ry, but also by the less able. 

'j l 
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It has already been pointed out that th •re are major variations 
aniong the pre-university populaLions in the various countries in 
terms of some independent variables. With; all these differences in 
mind, one might query whether it is justifiable to use combined dis
tributions of scores from all countries as a base from which to derive 
pe1·centiles for international comparisons. The reply would be that, 
whatever the national populations that contributed to produce 
them, the scores marked by the 95th and 85th percentiles of the com
bined distributions denote fixed points which can be used £or at 

least some comparisons. For example, the 95th percentile £or Popula
Lion 3a is the score exceeded by only t.he best five percent of the com
bined pre-university populations for that level. If this five percent 
were composed of exactly five percent from each of the national pre
university populations, we should conclude 1..hat, in thls respect ar 
least, all the participating count.Ties were equal. If the five percent 
international elite is not so composed, the question arises whether 
the differences are atU·ibutable, in par at least, to the varying per
centages of the age group still at school. 

Table 5.3 presents foT each country the percentage of t110se stu-

Table 5.3. Percentage of ft1'e-u11iversity matluimalics students rea.c/ii11g gfoen standards. 

1 nternational percentiles 

Country Retentivity 25th 50th 75th 85th 90th 95th 

(I) (2) (3) (4) (5) (6) (7) 
U.S.A. 18 36 18 9 7 4.5 3.6 
Sweden 16 81 53 26 13 8 !P 
Australia 14 67 37 10 5 3 I, l 

Japan 8 82 63 43 29·4 2 1 10.0 
Finland 7 81 48 18 6 !lo4 L.2 
Scotland 5.4 83 44 16 9 6 3.7 
England 5 94 79 50 34 26 12.0 
France 5 92 69 39 29.2 :n 9.0 
Netherlands 5 97 77 35 14 5 1.3 
Fed. Rep. 

of Germany 4-7 90 63 26 II 7 '.Z.O
Belgium go4 70 44 3u 23 2!.0 

Range 61 61 41 23~ 19·9 
Rank correlation with 

column r -.61 -.72 -.47 -.59 - .52 - .35 

dents in P pttlation 3n reaching six different intcrnatiunrrl perccn• 
t\le levels. 

For example, 36 percent o{ the 3a Popuhition jn_ the .S.A. 
readied the 25L.11 percentile level, as c mpared with 97 percent of tlie 
3a Population in the Netherlands. First decimal placeli llave been 
added to some entries to increase tbe precision of 1he rank orrela
tions. These rank order cou-elations between the percentage of an 
age group in Population 3 a (i.e. Column I in Table 5.3) ~md the 
percentage of that popubLion reacliing cad1 percentile level arc 
shown in the last row of the table. 

The negative correlarions indicate that the Slllallcr the proportion 
of the total age group taking Lhc mathematics progTamrne at the pre
university stage, t~1e larger will be the proportions reaching given 
levels of performance. Thus, Lhose who mafotain that ino·easing Lhe 
intake will lower the " tandards" have a point, particularly in terms 
of the bottom half of Lhose taken in. However, it is of interest that 
the effecl at the upper end of the disu·ibution is weaker. The be
tween ,::ouucry ranges ot percentages scori1 1g :i.bove various interna-
1.ional percenti le poims are very lm·ge, rangin15 Crom 61 percent ::11. 

lhe 25th and 50th percentiles to 19.9 percent at Lhe 95 111 percentile 
(see Table 5.3). Of those countries where only four or five percent of 
an age group a.re enroll ed in the mathematics programme, Belgium 
and England are outstanding, particularly in the top international 
quartile. It is remarkable th:n 21 percent of Belgian students achieve 
scores above the 951.h percentile (as, fm- example, compared with 12 

percent in England) when it is remembered that Belgian students :1.re 
studying an average of six more subjects than English students. The 
Netherlands, on the other band, has a high proportion of students 
up to the 50th international percentile, but a rapid fall then occurs. 
The U.S.A. is consistently lower than Sweden. (except at the 95th 
percentile), whereas Japan is consistently higher than Scotland (ex
cept at the 25th per entile). 

If tl1ere were no relation between tl1e degree of retention and the 
scores made by the students retained, we might expect tl1at each 
c.:ountry would have 5 % o{ their 3a Population above the 95th per
centile, 10 % above the gotlt percentile. etc. lt will be seen from Table 
5.3 that this is not the case. Countries with a higher rate of reten
tion bring less than five percent Lo the 95th percentile. Although in 
general the less the intake the better the performance, there are some 
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interesting differences among countries with similar enrolments. 
Scotland, England. France, Netherlands, Germany, and Belgium all 
have similar sizes of intake, but differ considerably in the propor
tions of the enrolment they bring lo Lhe international top three per
centile levels. 

Although the suggestion I.hat ''more means worse'' has been seen 
to have some justification, in particular in the bottom half oE the 
distribution, it is more meaningful to see whether the size of the 
"elite" group (as a proportion of the total age group) can be in
creased by increasing the size of the intake. If the numbers reaching 
particular percentile levels are calculated as percentages of the whole 
age group, some diUerences may become apparent. These percent
ages are presemed in Table 5.4. 

The rank order correlations between the percentage of an age 
group enrolled in the mathematics-scien e programme and the per
centage of the whole age group reaching various percent*le levels 
are given in the last row of Table 5+ 

Table 5+ Percentage of ags group reaching given standards. 

(Population ga) 

International percentiles 

Country Retentivity 25th. 50th 75th 85th 90th 95th 

(1) (2) (3) (4) (5) (6) (7) 
U.S.A. 18 6.5 '.l-2 J.6 1.3 .81 .65 
Sweden 16 13.0 8.5 4.2 \l.l 1.28 .50 
Australia 14 9·+ 5 . .2 1,4 -7 .15·42 
Japan a 6.6 5.0 3.4 2.3 t.li8 .Bo 
Scotland 5-4 4.5 2.4 .8 -5 .32 .19 
Finland 7 5.7 3.4 1.3 ·4 .24 .08 
England 5 4.7 3.9 2..5 1.7 1.30 .60 
France 5 4.6 3·4 1.9 1.5 LIO ·45 
Netherlands 5 4.8 3.8 T. 7 .25 .06·7 
Fed. Rep. 

of Germany 4-7 4.2 3,0 1.2 ·5 .32 .09 
Belgium 4 3.6 2.8 1.8 I.2 .92 .84 

Range 6. r9.4 3,4 1.9 1.44 .78 

Rank correlation with 
column 1 -.89 +.55 +.15 -.2,5 ➔ ' 14 +.10 
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These positive correlations indicate that I.he higher th~ enro1mem 
is as a percentage o( the total a,ge group, then lhe higher js the per
centage of the whole age group reaching various international per
centile levels. e greatest changes from Table 5.3 to Table 5.4 oc
cur in Sweden, the U.SA. and Japan, all three countries with a more 
retentive system at the secondary level. Thus, it is possible to in
crease the size of the elite group (as a percentage o( the total age 
group) but only to a small e.xtent. 

Again, the between-country range varies from 9.4 percent at the 
25th percentile to .78 percent at the 95th percentile. The percemage 
of the whole group reaching particular international percentile lev
els is obviously a function of size of enrolruem to a large degree at 
lower levels though less so at the top levels. IL is perhaps not without 
significance that studel'lts reaching the 99th percentile are drawn only 
from the 0.S... , Sweden, and England (.~8..16, and .05 respectively 
of their respective total age groups). 

Performance of the elite group (in tenus of the top ten and five 
percent intematioria1 group), is weakly associated with size of en
rolment. It is Japan, Sweden, England and Belgium which are 
performing well. Perhaps the significance of this finding becomes 
more apparent when phrased in another way: it would appear that 
countries with higher retentivity are capable of bringing their best 
pupils (in terms of the same percentage of a year group) to the same 
standards as less retentive (more selective) countries, i.e., higher re-
rentivicy does not necessarily mean lowering the standards of achieve
ment (at least in mathematics) of the better students. 

Similar information for Population 3b is given in Tables 5.5 and 
5.6. The results agree closely with those obtained for Population 3a. 
There is a negative relationship (except at the 95th percentile) be
tween the percentage still at school and the percentage of that popu
lation reaching various international percentile levels. The small 
size of the negative correlations for the 75th, 85th and 90th percen
tiles and the positive correlation at the 95th percentile indicate that 
at these levels, the degree of retentivity is irrelevant or, at the top 
level, favotU'able £or high scores. Again, as with 3:1, if the numbers 
reaching the various percentiles are calculated as proportio1;1s of the 
total age group, there are positive correlations. 

Retentivity in the terminal mathematics-science progr:1.mme is neg
atively related to the proportions of those still at school reaching 
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Table 5.5. Percen.tagr of /m•11ni11rm(y 1um-malhtmatics s111di:·ds uaching gi11e1, sta,1da1ds. 

(Population 3b) 

Iriu,rnationa I percentiles 

Country Retcntiviry 25th 50th 751h 85th 901h 95th 

( l) (2) (3) (4) (5) (6) (7) 

U..A , 

Japan 
Scotlanc.l 

Bclgium 
England 

Sweden 
Finland 
Fed . Rep. 

of Germany 

52 

49 
12.6 

9 

7 
? 

7 

6.5 

30 
81 
lh 

93 
84 
56 
90 

99 

ll! 

Go 
50 

63 
53 
10 

57 

81 

3 
38 
18 

!27 
20 

2 

17 

37 

2 

.28 

7 
15 
10 

0 

10 

20 

:n 

3 
B 

5 
0 

5 

8 

12 

2 

2 

0 

Range 69 71 36 28 21 12 

Rank correlation with 
column 1 -.99 -.28 - .02 -.09 -.06 +.38 

various international percentile levels. Retemivity is positively re
lated to the proponion of the total age group reaching various in
ternational levels. In general, the systems having smaller intakes of 
either .3a or 3b have achieved a fairly high performance of the 
weaker students in the programme. Vvhen an intake is increased in 
size, it is the performance of this lower group which Lends to deterio
rate. ations can, however, certainly increase tl1eir total ''mathemat
ical yield" of an age group by having larger intakes (higher reten
tivity). In teims 0£ the top international ten and five percents, re
tentivity is only weakly related to the proportions of the total age 
group reaching these levels, i.e., the performance of high ability stu• 
dents is unlikely to be affected by increasing the intake. 

In Population 3a, :Belgium, England and Japan have a consistently 
high performance of all students. weden and Japan demonstrate 
ery well that increasing the size o[ the intake: does not necessarily 

mean lowering standards. weden has an imake approximately three 
times larger than, for example, thac of England, and yet approxi
mately the same proportions o( the total age gwup are still rea hing 
90th and 95th percentiles, Again, although sy ·terns with smaller in
takes bring these students to higher mean scores, this is only to be 

Table 5.6. PerGm/agc ofo.ge group reachi11g giom sta11dm1l1, 

(Population 3b) 

International percentiles 

Countrv Rct,:ntivity 25th 50th 75th 85th .9otl, 95th 

(I) (2) (3) (4) (5) (6) (1 ) 

U.S.A. 5'2 15.'2 6.2 r.G 1,0 .52 .5~ 
Japan .J.9 39.7 29-4 r8.6 r3.7 IO.~ 5.9 
S,;otland 12.6 10.3 6,3 2.3 .88 .38 .1:1 
Belgium £) 8.4 5.7 2.4 1.:~ .72 .11:1 

England 7 5.9 3,7 1.4 .7'1 .35 .14 
Sweden 7 3.9 .70 ,14 0 0 0 

Finland 7 6.3 '.i·9 l.2 .70 .32 ,07 

Fed. Rep. 
of Germany 6.5 6.4 5 .3 iq, J.S .5"~ ,06 

Range 35.8 28,7 r8,6 13.7 10.3 5·!J 

Rank correlation with 

column 1 .81 .95 ,34 .40 .53 .!lt 

expected when the selecti n proces·es and smaller numbers a.re con-
idered. What is more important, however, is the proportion of the 

total age group reaching parcicular 1evels. Here the si?e of imake 
may have an important effecL at the lower levels (see Table 5.4, Swe
den at 25 % level), and at the top levels it is possible for countries 
with large intakes (e.g. the United States and Sweden) to bring high 
proportions of an age group to t.he 90th and 95th international per
centiles. At the top level Finland, Australia, the Netherlands and 
Germany are performing exu·e.mely poorly. Germany is particularly 
surprising, considering its high selectivity. From Table 5.3 it appears 
tliat the weaker half of the U.S.A. group is be1ow the standards of 
other counLries. 

For Population 3b, Japan, Belgium and Gennan perform well, 
whereas Sweden and the United tale· perform relalively poorly, lt 
must be remembered that in Germany the 3b group have all stuctiecl 
mathematics up lo the end of the penultimate preuniversity ye:w 
(i.e. the Untcrprimc.). 

Jt is inte1·esring Lo note those counu·ies who e Popul-ations 3a and 
3b both perform well and those where there is considerable disparit . 
However, before arriving at any firm onclusions, it is neces ary 10 
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bear several points in mind. First. there art differences between sys
tems as co when studems are allowed to discontinue the study of 
mathematics. Secondly, there are differences as to what discontinuing 
means; in some countries, it means absolutely no further mathemat
ics and in other countries it means having mathematics for one or 
two periods a week instead of seven or eight periods a week. Thirdly, 
it must be borne in mind that the distinction between Populations 
3a and 3b is somewhat circular, since, where it was difficult in some 
countries to distinguish between those pre-university students who 
were said to be specialising in mathematics and those who were not, 
a way o{ operationalising the distinction was to give the 3a tests to 
those groups of students for whom the tests were thought to be ap• 
propriate and then the 3b tests to the rest of the students. 

Another approach to this same problem described in Rusen et ,2l. 
(1967) was to compare the performances of equal proportions of an 
age group; as a result, the same conclusion as above was reached, i.e., 
that the performance of the best three or four percent of students in 
a country is not affected by an increase in Lhe intake (retentivity) 
into the pre-university year, but that the average score of all those in 
school in either the mathematics or non-mathematics programme 
will fall as the proportion of an age group retained increases. 

Yield 

As has already been pointed out in examining the "outcomes" of a 
system of education, it is often misleading to compare mean scores. 
It would be pointless to compare the mean score of the English stu
dents in the mathematics programme in the pre-university year with 
the United States students in the 12th grade mathematics pro
gramme. It is imperative to take into acco1..nt the proportion of an 
age group still studying mathematics, i.e., ''how many of these stu
dents are brought how far?" For example, in England only five 
percent of an age group is studying mathematics in the pre-university 
year, whereas in the United States eighteen percent o( an age group 
is studying mathematics at that point. 

There are difficulties connected with the calculation of a "yield'' 
or "output" measure. A simple statement o( the overall problem is 
"H ow are achievement scores and number of students having a given 
score to be combined into a single measure of output?" Two very 

simple approaches are used here. Tlle first consists of plotting the 
cumulative percentile frequencies (or percentile frequencies coulJ. be 
used) against the percemage of an age group in a particular target 
population and regarding the area under the curve as the "yield''. 
The second consists o( multiplying the proportion of an age group 
in a target population by the mean score of the population and re
garding the resullant value as an index of "yield". 

The difficulties with these approaches are best exposed by con
sidering the assumptions behind them: 

(a) Ead1 conect response lo an item is regarded as being of equal 
value. Thus, two swdents having the same scores are regarded as 
representing the same output even though one student may have 
correct response~ on items which are considered to be either more 
difficult or of more value to society than another student. 

(b) Each point on the achievement scale has the same absolute value 
as every other point. Thus, the increment from 23 to 24 repre.. 
sents the same increase in "output" or "yield" as an increase 
from 40 to 41. 1t is, of course, possible that, in some case, 20 

points may be twice as valuable as 10, and, in another case, 4.0 

may be less than twice as valuable as 20. 

(c) One student with a score of 20 is considered cqu:il in tenns o( 
yield to two students with scores of 10 each. 

(d) The value of the nth unit of achievement is asswned to be the 
same in all countries, although countries may differ in their eco
nomic structw-e. This, however, introduces the concept of "re
quired (by the society) yield" and its fir to "acquired yield". 

Despite the problems involved in calculating ''yield", the simple 
approaches men tioned above will be presented since the concept of 
"yield" or "output'' is important. As has already been mentioned in 
Chapter 1, what is reported here are the yields of specific La.rget pop· 
ulalions. To obtain a measure of tl1e "total yiekl" 0£ a school ~ys
tem, the achievement of all those dropping out of school has 10 be 
measured as they drop om and in some way brought imo a single 
measure. A longitudinal approach could also be adopted. 

The yield 0£ scudents in Population 3a will be e.xamined first, 
followed by that of the total pre-university year (Populations t{a and 
3b combined) and finally the yield of 13-yem·•olds will be conip:ired 
with the pre-university yields in each rounrry. 
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I'op1£1at1on Ja 

Figure 5.:-; Tepresenls the yield diagrammatically by plotting the cu
mulative percentile frequencies for each country against lhe propor
tion of an age group still retmned in the Lenninal mathematics-
science programme. These dish-ibutions have been smoothed graphi
cally. From Figure 5.3 it r.:an be observed that it is weden, the 
United States, Australia and Japan which have the highest yields, 
despite the fact. that in the first three countries the average scores 
were Telatively low. Obviously, yield is, to a certain e..-...:ten 1. a func
tion of retentivity, but onl')' lo a certain xtent. The United States' 
yield is obviously smaller than those of Sweden and Australia. al
though the United States· retentivity is higher. 

IL is interesting to note that in some countries there is a consist
ently higher performance ovei- the whole range of students than in 
others (e.g. Japan as compared with Finland). The United States' 
students at the lower and of the distribution perform less well than 
the wedish students. French and English students perform relatively 
well at the top encl of the distribution. 

Population 3a and 3b 

Although it is only Population 3a which can be regarded as the 
mathematical "fruits" or "end-products" 0£ a system of education, jt 

is also of interest to examine the yield of Populations 3a and 3b to
gether, since this comprises the total proportion of an age group still 
in full-time sd1ooling. What tlie yield would be oE a total age group 
is a matter of pure speculation, since in thi study no effort was 
made to measure the mathematics performance of those students in 
part-time education (and here the proportions of an age group in 
part-time schooling, whether compulsory or voluntary, differ con

sider::ibly from country to country) or those young people of the age 
group not receiving any form of sd1001ing. For example, in England 
there is a small propOI"tion of an age group which studies pre,uni
venity mathematics at Colleges f Further Education or Technical 
c~,ueges but such students were excluded from the target popula
tion. In the Federal Republic of Germany a considerable proportion 
oI young people attend Bern/sclmlen and continue the study of 
mathematics tbere. Again, these students were e..xcluded from the tar
get population, since the)' were not in /till-time sd10oling. Thus, the 

So 
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''yield" examined here is simply that of all pre-university students 
in the target populations. 

Table 5.7 presents for each country the con-ected mean score for 
Populations 3a, 3b and 1b along with the proportion of the age 
group still retained in school for each of lhese populations. 



Table 5.7 To/al mathematics score and proportion ofage gro1.1p in school. 

(Populations tb, 3a aud 3b) 

Population 1 b Population 3a Population 3b 

Country Mean Proportion Mean Proportion Mean Proportion 

Belgium 30.4 !00 34.6 4 24.2 9
England 23.8 roo 35.:: 5 21.4 7Fed. Rep. 
ofGennany 25·4 100 a8.8 4.7 27.7 6.~ 

Finland• 16.r 100 25-3 7 22.5 7 
Japan 31.2 100 31.4 8 25.3 49
Scotland 22,3 JOO 2 5-5 5,4 20.7 12,6 
Sweden 15•3 100 2 7·3 16 12.6 7
U.S.A. 17.8 100 13.8 iB 8.3 52 

• Although the mean for Finland is given as 16.1 the scaltd means (and yields) were 
calculated on uncorrected Finnish data where the mean was 2 6+ 

However, since Test 5 was common to both Populations 3a and 3b 
it was possible to estimate3 what the sa students would have scored 
on the 3b tests had they performed in the same way as they did on 
Test 5. Furthermore, since Test 3 was common to Populations 3b 
and 1 b, it was possible to estimate what 1 b students would have 

• A regression procedure was used for each country to predict a tesl 3 sc01·e 
(t,)_ from the total level tb score (T,.) and then _predicting from that t, to an 
estimated T•• on the 3b scale. The two regression equations were: 

and 

which combine to give 

where 

!: I; TH -(l: I~) (.a, T~b) 

!{}:. t?- (!:: 13) ~ 

a; = Tlb - b3fa 

The same procedure was used for reducing the 1Ja to 3b score, 

Table 5.8. Correlatiori.s of leslr 5 and 3 with tolol mathematics score, 

Population 3b 
Population 3a ropula.tio.n I b 

Country Test 5 Tesr 5 Test 3 Test 3 

U.S.A. ,91 .86 .go ·79 
Japan .go .94- .91 .90 

wed.en .86 .80 .7fi·7'.3 
Scotland .82 .87 .88 .87 
Finland• .84 .85 .84 .78 
Belgium .86 ,86 .85 .85 
England .88 .87 .88 .90 
Fed. Rep. 
of Germ11ny ,78 .80 .79 .82 

All Countries · .8g .92 .gt .86 

• These correlations were calculated on the uncorrected Finnish data. 

scored on the 3b rests had they performed in the same wa.y as they 
did on Test 3.a However, it must be remembered t.hat the comcnt 
o[ 3a and 3b tests differed con iderably from Test 5 and also the 
content of the 3b and 1b tests from Test 3, as can be seen in the 
Appendix to Vohtme II of Rusen et al. (1967); thi~ account::1 for tl1e 
differences between Table 5.7 and Figure 5.4, where scaled means 
are given. 

Table 5.8 presents the product moment correlation coefficients 
between the Total Mathematics cores (corrected) and Test 5 and 
Test 3 cores (as the case may be) for ead1 population in ead1 t.:mm
tty. The Total fathematics Score included the Test 5 (or 3) scores 
and hence the correlations are higher than if it were Test 5 (or 3) 
scores correlated with the 'Total :VfathemaLic.:s S ore minus Test 5 

(or 3). 
Figure 5·•1 presents the diagrams o( caled means for Populations 

3a, 3b and 1 b against the proportion of an age group still in school 
for each ol these populations. Ea h c!i.igram is made up o[ three 
parts a. follows. The base of each din.gram consi ts f the 1b popu
lation (where 100 percent of an age group is estimated to be in full
time schooling); the proportion or an age group is shown 011 the 
horizontal axis and the scaled mean score on the vei·Lical axi . A 
similar procedure is used for the 3b population and foi the 3a popu
lation hown :n the riglu side of each diagram. 



Fig, 5-4- Combined Z'ield (3a +S h 1>11 1 b) 
(Regression caling of 3 a+ lb on to 3 b) 

Belgium Engi>nd
2-1.3 

22.l 

10.12 

6.61h 
1b 

100 0 100 0 

40.0S 

Finland Japan 
21 .36 21.S 

3b 
7.79 8,94 

1b 1b .. 
100 0 100 8 

0 

] 
"' 

Scotland Sv,edon 
20.77 

5.15 
1.85 1b 1b 

100 0 100 0 

·uSA Germany 
17.6S 

"~~ 12.15 
8.63 

,3.04 ,lb I 3b 1b 

100 0 100 0 

Propc,cion of Age Group fr, Targoc Population, 

In Figur~ 5.4 the effect of recentivity on yield can be seen. Japan 
has a parncularly large yield. It should, however, be remembered 
that the procedure used here does not take into account those 
students who have left school between Populations 1 and 3, 

It is possible to calculate a yield coe££icient for each population 
by multiplying the scaled mean (or ordinar mean) by the percentage 
of an age group in school. The percentage of an age group in school 
for the 1 b population is estimated to be 100 % in ead1 country. The 
combined yield of the pre-university year is the sum of the yield 
coefficients for Populations 3a and 3b. These yield coefficients are 
given in Table 5.9 (the scaled means are given in Table A.4 in the 
Appendix). 
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Table 5.9. ritld toef.ficitntJ. 

On scaled niea.ns Ou ordinary m,:ans 

Country IU 63 3b 3a•3b 1b 3a 3b 3a-+-3b 

U,S.A. 304 352 449 801 '78 .2484 4316 6800 
Japan 894 320 1243 1563 .312 2512 l!.!397 14909 
Sweden 285 494 89 583 153 4368 882 5250 
Scotland 515 188 263 45 1 223 1377 2608 3985 
Finland 779* 232 157 389 161 177.1 1575 33,1,6 
Belgium 1012 152 219 371 3o4 1384 2178 3562 
England 660 198 155 353 238 1760 1498 3258 
Fed. Rep. 
ofGerm3.Jly 1215 158 180 338 254 1354 1800 ~ 154 

'" The scaled means were calculated on the uncorrected Finnish data. 1t has not 
been possible to rerwi the regress.ion scaling analyses since the: mistake in the Finnish 
data was discovered. 

The rank correlations between. the scaled mean yield coefficients 
and t..he ordinary mean yield coefficients are .79, .91, 1.0 and .98 for 
tb, 3a, 3b aud 3a plus 3b respectively. Ti.le correb.t.ions indicate thaL 
tl1ere is a high. degree of relationship between che two types of me:rns 
med LO calculate the yield coeUicients. ln teims o( t.he pre-university 
yield (3a + 3b) ic is worthy of note that although the oited Slates 
has three times as many pupils as Swetlen emolletl 1n the- pre-univ r
sity year. its yield is only 25 percent greater. Again. Japan h.1.s just 
over twice as many pupils as Sweden enrolled in the pre-university 
year, buL has a ieltl nearly three times as great. 

It is of particular interest, when considering yidcl, Lo compar~ the 
yield of the 1b population with the pre-university yields. Since the 
13-year-old grade group was the last point in all the chool sy tems 
where 100 percent of an age group was still in 1001, it can be con
sidereu as a comparable point near to Lhe end of compulsory school
ing, ancl Ulto yields as fairly representative u{ the outcomes of t.he 
compuJsory schooling in eadi countq. At the same tirne. it must he 
realised that Ute actual age o( ending compulsory hooling differ 
from sysLem to sys1em and that some cou,uries will obviously incn::ue 
this yield before the encl of compulsory schooling. 

lL seems likely, for example, that, in those oumries where compul
sory schooling docs not end until the ;ige of slx.teen, certain topi · 
which are considered to be difficull may be postponed umil the age 
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of fifteen, while in those countries where wmpulsory education fin
ishes al fourteen years of age, these topics may be introduced at 
th.in.een years of age. It might have been better to use Population Ja 
instead of J b for these yields, since this is a strictly chronological 
group, bu t as pointed out ear lier in this chapter, this would have 
provided resu1ts for seven coun tries only, since Germany did not test 
Population I a. T herefore, despite the limitations involved, i t was 
decided to use Population 1 b. 

T he rank correlation between the 1 b yields and 3a+3b yields is 
---0.56. Germany and Belgium are particularly worthy of note here, 
since from the 1b yield to the 3a+ 3 b yields they move from first and 
second places to last and 6th. respectively, Only the United States, 
J apan and Sweden have relatively higher yields at the pre-university 
level than at the 1b level and this is obviously, to a cer tain extent, a 
function of the size of retenti-vity. I t would seem that the less reten
tive systems lose a great deal of potential mathematical knowledge 
in their coun tries, and, at the same time must also lose a certain 
amount of talent. The rank correlation between yields (scaled) for 
Populations 3a and 3b (separately) and the measures of social biass 
given in Chapter 3 of Volume II of Husen et al. (1967) are + .56 and 
+ .56. (The m easures of social bias are repeated in Table A.5 in the 
Appendix to this book). 

T hus it can be seen that the pre-university yield is negatively re
lated to the 1b yield, but is positively related to social bias which 
is in tw-n related to the age a t which selection takes place (see Husen 
et al., 1967). At the same Lime, we know that yield is, to a certain ex
tent, a functiou of ret.entivit.y and retentivity is 1·elatcd to the per
centage of pupils in Population t a in comprehensive schools (see 
p. 67). It would seem that in countries with higher yields a t the 
pre.university level, there is a philosophy of equality of opportunity 
in that selection is delayed or abolished, cornprel1ensive schools are 
more common and more pupils from lower social status families con• 
tinue through 1.0 the end of secondary schooling. 

These organizational features, however, are not alone responsible 
for high yields, as seen by the difference between the United States', 
Japanese and Swedish yields. The curriculum, teaching and other 

• Social bias is an index of tlie degree of difference of tbe socio-economic corn• 
position o[ one group to another, in this case Population 1a to 3a and ia to 3b. 
It can be reasonably assumed that Populations 1a a'ld 1b have nearly identical 
sOcio•economic distributions. 

family background characteristics are the most likely factors to ac.:
count for other differences (see Chapter 6 of Volume II in Husen et 

al., 1967). 
Although some factors associated with yield have been examineLl, 

no mention of the relationship between this yield ··acquired" Ly the 
systems and the yield "required'' by a society has been made, since i.t 
is not known. Research si.nrilar Lo that carried out by Dah1lo£ ( 1963) 
would have to be underLaken where differen t branches of society re
ceiving students from school could estimate the amount of knowl
edge they require from these students in a particular su bject, and 
where, at the same time, approximations could be made of the pro
portion of any one age group entering work in that branch of soci
ety. In this way, i t would be possible to estimate lhe "required" 
yield. Yield. as discussed in this chapter, has been based on Total 
Mathematics Score.; it would, o( course, be possible to discuss yield in 
terms of particular topics in mathematics and clusters cf topics. By 
compai;ng ·•required" widt "acquired" yield, it would be possible 
to examine how well the schools prepare their students to meet the 
needs of the society. T his is no/ to i.nlply that a school system should 
be based on a pw·ely utilitarian philosophy; it should, of course, 
have much wider aims. Nevertheless, one of its basic tasks should be 
to meet the needs of the society_ At presem, however, the only sys
tem, to the author's knowledge, where this problem of "required'' 
yield has begun to be examined empirically is Sweden. In other 
countries, there is only intuitive knowledge of wbaL society requires. 

Although it is possible to obtain ratings of the amounL and Lypc of 
mathemarical knowledge required by various sectors ol the society 
(including the university) receiving students straight from school. the 
problem becomes difficult when prediction in terms o.f manpower 
requirements with. certain mathematical competences is aLtempte<l 
-the concept of "fit". This is so because, in the economist's lan
guage, "demand·' is never a fixed amount but rather a schedule. 
Furthermore, the principle of substitution operates so th;1t co some 
extent x "poorer" mathemaLicians can be substituted for y "helter.. 
mathematicians. Thus, the qt1estion becomes that of how many 
mad1emacicians are desired at ead1 allernative price per unit. .1\dded 
lo this is the problem of predicting fumre demands. What is self
evident is that in 1he applic:nion of the concept of ''fit" an inter
disciplinary attack is required. 
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Summary 

It has ueen ~hown, by a discussion of the relationsbjp belween re
centivity and type of school system, how the traditional European sys
tem, involving selection into an acadt:!mic sccondaiy school, has a 
lo11er raLe of retentivity than the United Stales' s~·stem with its self
<.:01JLai11l'.Ll t:!:;taulisluuentli which have been continually expancle<l to 
satisfy the educational needs of the communit}'· However, in many 
of the Europeau countries at present, policies concerning school 
slrucrnre are being revised, and in Sweden, for ex::tmple, the per
centage of seventeen-ycar-olds proceeding lo gynmasiet has risen 
from ten to 28 percenl from 1950 to 19fi,1 (Dahllof et a.I,, 1966). 

The percentage of an age group in bolh the pre-11niversity math
ematics and non-matheru:uics prog,:ammes in che twelve counLTies in 
the study was related to an index o[ comprehemive sd1ooling in the 
variolls countries and the correlations obtained were hjgh. Three 
examinations of the pre-university scores were made in connection 
,-vith retentivity: an examination of average perfonn:mce of the var
ious populatiom, an exaLnination of the performance of the various 
populations at fixed international stancbrds and an examination o! 
the "yield" (how many are brought how far) of the various popula
tions. Variations among the pre-university populations in such d1ar
acteristics as age, social class composilion and number of subjects 
studied are pointed out. 

The e."Xamirnition of a\'erage performance shows that countries 
whirh rf't:iin J,irger pPrceut:1ge~ of .iu age grotip tn tl11: prP-HDiver

sity stage produce on 1wcrnge lower standards of achievement than 
do couuu·ics retaining smaller per~entages. However, the range of 
scores was not related to retenti\'ity, allhough this would have been 
e.,pecte<l. 

In the examination of performance at various· fixed internalional 
~tanda.rds it becomes clear that al though the average score may drop 
when a higher proportion of an age group goes through to the pre
university year, the performance of the best students (in t.erms of the 
proportion of a year group reaching various international percentile 
levels) does not necessarily deteriorate. Jn other words, an increase in 
intake into the pre-university year does not necessal'ily cause a drop 
in the levels of achievement of the best studentS. This finding is o[ 
particular importance in the light o( the fears of m:my teachers who 
argne that if more and hence poorer students are allowed through, 

the standards of p~rforma.nce will deteriorate and the learning of 
the better students will suffer. 

Since this is the case, it is interesting to proceed to an e.xaminat1011 
of the ·'yields'' (how many are brought bow far) in mathematics of 
the pre-university populations in the eight countries which had 
srore_~ for hnth Pop11h1ions 3,1 ,i,nrl 3h "YieJrl" t:ikes into acmunt 

the diLfering proportions of an age group in these populations in t.he 
differem countries, whereas a comparison o{ average performances 
of pre-university year sLUdents in different countries does not. A dia
grammatic presel'lt:1tion of "yield" for Popu lation 3a is given , and 
1.h.is is also given in tenns of "yield coefficients" (calculated on 
scaled mean scores as well as ordinary mean scores) for both Popula
tions 3a and 3b. In general, systems with higher retentivity have 
greater yields, but yield is, to a cerlain extent, a {unction of retentiv
ity. CuJTiculum, scuden1 motivation and other factors also would 
seem to play some pa.rt in accounting for other differences in perfor
mance. It would seem that furlher research is needed to e."Xplore these 
issues. The relationship be1ween Population 1b yields and the pre
university yields was negative and is mainly, but not entirely, due to 
the varying retenlivity through to the pre-university year. It would 
seem that in some countries, particularly Germany and Belgium, a 
great deal of talent drops out of regular full-time schooling. This is, 
in turn, related to the selection process in some countries and results 
in bias in the social status_composition of the students in the pre
university years in favour of the higher socfal slatus groups. The 
data obtained in lbis study reveal clearly the possibility of having 
both a high overall yield and an undiminished elite yield. 

Although the concept of "yield" or "output" introduced is some
what crude, it is an important one and i t is to be hoped that its con
ceptualisation and operationalisation will be pursued, and that it 
can be so refined in the future to produce detailed measures of "ac
quired'' yield in many subject areas. Measurement of ·•required" 
yield has already been begun in some areas. When progress is made 
in the measurement of the types o{ yield-that produced by the 
school system and that required by society-it will be possible to 
compare them and although lhe concept of •'required yield" has its 
difficulties, the whole notion of "fit" may provide tJ1e schools (and 
educational pol icy makers) with more i.nsight into the ways and 
means of catering for t.he needs 0£ society. 

86 89 

https://01JLai11l'.Ll


CHAPTER 6 

Differentiation 

Three different aspects of differentiation will be e.'Camined in this 
dtapter in the light of the data available from the IEA study, The 
focus will be on the range of performance in systems employing vary
ing modes of differentiation, In tern;is of inter-school grouping, some 
countries have a selective system whereby the more able students at a 
particular age are separated from the main body of students and put 
into selective-academic schools; other countries have a comprehensive 
system in which all students are kept in one sd1ool type until the end 
of compulsory schooling or until the end of secondary schooling. 
This is what is meant by differentiating or not differentiating into 
different sd1ool types, and is sometimes referred to as organizational 
diffe'rentiation (cf. Husen, 1962 a, and Yates, 1966). An examination 
will be made of the range of mathematics scores of students in the 
grade where most 13-year-olds are to be found (Population 1b) -in 
comprehensive and in selective systems of education, In add;tion, there 
is intra-school grouping-, which concerns the grouping of students 
within schools--sometimes referred to as educational differentia
tion. Some counu·ies have a system of grouping students by grades 
with promotion taking place on the achievement of a certain stand
:ird; oLher countries promote b) age groups. In the first case there 
is often a sizeable proportion of an age group not in rl1e grade group 
jn wh.id1 most of the age groul-' would be found if promotion were by 
age. The a.mount of retardation varies from country to country. In 
Lhe second case nearly a hundred percent of an age group arc in one 
grade. An examitlation of the range o[ m:u.hemaLic.s scores of 13-year
old students and of tbe corresponding grade group will be made 
from both the grade promotion systems and the age promotion sys
tems. A fortl1er fonn of educational <lifferentiation is that of stream
ing or ability grouping, whereby students a.re split into different 
gToups wjchin a grade on the uasis of measured or judged ability 
and/or achievement. The e.'Ctent to whid1 this is carried out varies a 

great deal from country to country. This is the third aspect of differ
entiation to be considered in this chapter and will involve an ex
amination of the range of mathematics scores o[ students in Popula
tion 1b from countries where ability grouping is practised to a great 
extent and from those countries where it is practised either to a small 
exten.t or not at all. 

A great deal of research has been carried out on various aspects of 
differentiation and particularly into ability grouping. In recent years 
various summarie~ of the research carried out have been made (cf. 
Ekstrom, 1961, Goldberg et al.~ 1966 and Yates, 1966) and these 
include all of the research studies which are relevant Lo the three 
aspects of differe:uiation described above. Most of the research so 
far carried out 1..an only bear very peripherally on the problems 
under discussion here, and the directly relevant (in that the standard 
deviation scores have been used as a criterion) studies are very few 
Indeed. Svensson (1962) carried out a five-)'ear follow-up study where 
he compared the performance of students under a comprehensive 
system of education and students under a selective system of educa
tion in the City o( Stockholm from 1955-59. His findings were that 
by the age of fifteen, "good" students performed at about the same 
level whether in the selective-academic school (realsholan) or in the 
comprehensive school (grundskolan), whereas "poor" students per
formed better in the comprehensive school than in the remainder 
school (folliskolan). Although Svensson did not specifically compare 
standard deviations, the implication is that the standard deviation is 
smaller in the comprehensive than in the selective system (when the 
performances of students in different schools are combined), In an 
article by Rusen and Svensson (1959) and from c:crtain findings in 
Chapter 3 of Volrnne II of H.useo et al, (1967), the same implications 
are apparent. There is other research which, although it does not 
compare selective and comp1·ehensive systems, shows how streaming 
influences the standard deviation within a school type. Douglas 
(1964), has followed the complete population born in the first week 
of March, 1946, right through their school careers; this follow-up is 
still continuing. lt became n.pparent that when cl1ildren were tested 
or assessed on the '>a.sis of ability for placement into higher or lower 
academic groups (whether this was within schools or between 
schools). those wl1c, entered the higher academic groups were more 
frequently from I he higher social status groups and these students 
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<011rinuecl to improve; ou the ot..Ler h;md, those who went 
into the poorer groups were often from the lower social ~tarns 
group$ ancl their performance over a period of time deteri
oraLed relative to lhe higher social group. Even when children 
at age 8 had t.he same score, it w:.is the middle social status group 
1 hilclren who tended to be put into the higher group, while the lower 
soc:i:il group childxen were plac:ec.l in the lower group. Certain analy
ses whiw appeared in the Robbins Report (1963) ;ire a follow-up 0£ 
the information in Douglas· book and indicated that the trenu which 
he had already detected up to the age of 11 continued for students 
goin!! on to 15 anu 18. Pidgeon (1959) has shown in a national sur
vey of attainment in mechanical arithmetic the percentage of mod
ern school and all age school children scoring above the grammar 
school mean was 22 % at age 14, i.e., that despite selection at age t 1, 

there was still a very big overlap of scores between the second~ry 
academic school studenL~ and the remainder of the. students. This 
may well reflec:f the limite<l range o( the contenL of the tests, but on 
the other hand, it may be indicative of different rates of develop
ment in the whole range of children, witb the result that the modern 
school does not necessarily possess the weaker children at all levels. 
Since grouping between schools by ability/achievement is based on 
ihe same principle as streaming, it seems reasonable to infer that se
lective systems which also practise screaming will have the largest 
standanl deviations of all systems. Pidgeon (1962) examined the con
cepts of su-eaming versus non-streaming and grade promotion venus 
age promotion in terms of 1.hc standard deviation of 13-year-olds in 
twelve countries. It is clear from Pidgeon's data that. selective systems 
rlo not necessari.ly have larger standard deviations than comprehen
sive systems, but it must be remembered that t.his study was carried 
out on 13-year-old samples of studems, Lhe representativeness o( 
which was unknown. 

:\ number of other studies have questioned certain aspecls of inter
school grouping· based on differences in ability and attainments. 
Yates and Pidgeon (1957), Emmett (1945), Daniels (1959) and others 
in Britain, ns well as Hitpass (19Go) and Undeutsch (1960) in the 
Federal Republic of Gemrnny have shown that even Lhe best avail
able methods o( allocatfon involve errors of plac;ement with regard to 
;:it least ten percent of the d1ildre11 concerned. Pedley (1963) and 
D:rnq• (1963) in Britain have shown Lhat students who would not 

oonually have entered grammar schools have proved cap:ible of 
grammar school type success from comprehensive or independent 
schools. The fact that thjs is remarked upon indicates that there is 
thought to be a gap and t11e implication is that if all were educated 
together the gap (and hence the standard deviation) would be. 

smaller. This reinforces the view that educational systems practising 
imer-school grouping are expecLed to have larger standard deviations 
than countries not practising- it. 

As far as age promotion versus grade promotion is concerned, 
there is no known research. Belgium, in ics offic.ial statistics 
(1960-61)1 has published a table revealing the progressive increase in 
the incidence of backwndness as children move through successive 
grades. 

Grade lSt 2nd 4th 5th 

% of students of normal age or above i7 71 69 
Index of school backwardneM '35 45 47 

An index of the amount o( grade repeating and grade advancement 
in any country will be the size of the standard deviation of age of 
students in Population 1 b. These are given in Table 6.1. As can be 
seen, .England, Japan and Sweden have the smallest standard devia
tions, while the Netherlands and Belgium have the largest. In Eng
land, a system of grades (known as "standards") used to operate, but 
has largely been abandoned in favour of what is sometimes known as 
horizontal grouping, which involves promotion by chronological age. 
In Sweden, chronological age is the basic criterion of grouping, al
though a certain amount of grouping based on subject-ability also 
1.ook place from Grade 7 onwards. In most of the other European 
countries, however, and in the United States, some form of grading 
is practised. In Israel, on the other hand, the general practice of 
allowing (or requiring) a slow student to repeat a grade was recently 
discontinued and teachers are now asked to restrict non-promotion 
to two percent of their students. In the United States, more radical 
departures from the normal type of grading are being tried, and 
these are lucidly described in Good.lad and Anderson (1963) and in 
Rasmussen and Prete (1962). 

A great deal of research exists on the form oE educational differen
tiation involving streaming or ability grouping. Firstly, it must be 
realised that differentiating by ability either between or within 
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Table 6.1 . Means, stl)1£dard deviations and N's of tolal mathemntics sGore 
and standard deuiations of age in. months. 

(Population 1b) 

Total lllllth"matics score 
Age 

Country M S,D. N s.o. 

Australia 18.88 B!.28 3079 7.7 
B,Jgitun 30.43 1 3·75 .!l5+!. 8.8 
England z3.76 1lt53 3 148 4.'2 
F<•<l . Rep. 

of Germany 25.45 J 1.70 44-76 6.6 
F'inland 16.1 3 1 1.6 t 1325 6.66 
Fronce 20.96 J3.-:a 344 7.8 
Israel 32.29 14.67 3-::32 5.6 
Japan 31.l6 16.90 2050 3.4 
Netherlands 2 1.43 12.12 1444 !l.6 
ScolJal)rl 2!!.31 15.69 5718 5.4 
Swed.-n 15.26 I0.83 2808 4'9 
U .. . A. 17.85 r3.~1 6544 6.8 

schools is based on the same principle, and therefore much of 
the researd1 already mentioned concerning inter-school grouping is 
relevant. also to the problem of intra-school gTOuping. Yates (1966) 
has abstracted about 40 researches dealing with aspects of homoge
neous gToupin,g, which had bee.u 1..mdertaken between 1932 and 1965. 
It is interesting to note lhat whereas the research into inter-school 
grouping, although sparse, has been fai1·Iy conclusive, the research 
into intra-school grouping, although plentiful, bas been conflicting. 
Passow (1962) has described some of the discrepancies in the research 
o far nndertaken which may well account for these appai:ent contra

diction . Tbe general findings ot comparisons of homogeneous and 
heterogeneous groups or of streamed and unstreamed groups have 
mainly concentraLed on differences iu mean scores between the 
groups. However, from the work. of Blandford (1958), Rudd (1958), 

Khan (1954), Gatfie1d (•958) ana Daniels (1961) in Britain, one re
sul t of the comparisons, which is relevant to the present discussion, 
was ·'The disper ion of the various test results was greater in the 
streamed than in tbe unstreamed sd1ools.' ' (Yates, 1966, page 63.) 
This is to be expected. since in a heterogeneous group the teacher is 
likely to teach to a mean level with the result that the variance of 

~cores will become less, whereas if a group is split into "n'' homoge• 
neous groups, then the variance of the group as a whole will in
crease. Pidgeon (1962) has suggested that much of this is bound up 
with teacher expectation and slude.nt role fulfillment. If streaming 
takes place and a group is split on the basis of ability and adueve
ment into three sub-groups-an A class, a .B class and a C class
the teacher having the A group will expect that group to do well; 
the students themselves will expect to do well; they will in fact do 
so. The contrary will be true for the C class. Thus, the variance will 
increase. Fuuhermore, it is clear that the earlier this process of 
streaming begins in a school, the more the variance will increase as 

students progress through the school (cf. Douglas, 1964, and the 
Robbins Report, Appendix I, pp. 46-1p1). This phenomenon also 
intluences teachers' philosophy concerning the "capacity theory of 
intellect''-the assumption that every child has a limited and meas
urable ability-since streaming tends to make this a self.fulfilling 
pr-0phecy. 

Within a year group etting (the grouping of students for specific 
subjects or activities only according to their ability or achievement) 
will have similar effects to streaming in increasing the spread of 
scores of the ag·e group on any achievement criterion. 

Let us now examine these three aspects of differentiation in terms 
of the data available from the IEA study for Population 1b (and 1a 
where appropriate). Population 1b has been selected for detailed ex
amination, since it is a grade population within the limits of com
pulsory sd10ol attendance in all countries. 

Inter-School Differentiation 

The examination of the standard deviations of scores of a grade 
group from systems of education practising "organizational" dif. 
ferentiation of different extents will ultimately involve taking into 
account tl1e amount of retardation (grade-repeating, etc.) in each of 
the systems (although this is already overlapping with the examina
tion of the second aspect of differentiation). Table 6.1, therefore, 
presents not only the. mean, standard deviation and number of stu
dents for Population I b in each counu·y, but also the standard devi• 
ation of the age of this population, since this can erve as an :index of 
retardation in the system. (A full presentation of the means, standard 
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1 The unwcightcd standard deviation for Finland is t 1.61-sec: page 6 and also Table 6. t. 

deviations a.nu numbers o( rndents 0£ Tota l Mathematics Score, 
Lower Mental Pro ess and Higher Mental Proce by 'ltb- ample 
appears in Table A.6 of the Appendix.). 

FigLu·e 6.1 presents the standard deviations of mathematics scores 
diagrammatically. 

Fr m the pre eutation of the school structures in Chapter 4. it can 
lie cen that nsttalia, Japan, Sweden and the Uniled States can, on 
the ,d10le, be placed in the theoreticall y non inter-school differen
tiation category, whereas the other countries have various degrees of 
inter-school clif(erentiation. On examining Figure 6.1 , it is evident 
tltat fact rs other than just inter-school differentiation are associated 
with the cliITerent sizes f the standard deviations. Jt is perhaps 
worth noting that the average standard deviation for differentiating 
·ountries i 13.G5 and for non differentiating ·13.33 (p< .01). How-
ever , it i obviously necessary to examine this in more detail. It is 
possible t0 split the countries into three groups : (1) those where the 
SLandard deviation is greater than 15.5 (2) those between 12.5 and 
15.5 and (3) tho e W1der 12 .5. In the first group are England, which 
has a -el ctive academic ystem, Japan, wruch has a non-diflcren
riated system, and cotland, with :i izeable number of comprehen-
ive schools. The standard deviation for England is significantly 

la.r~er tllan tl1at for Japan nml that for Japan larger than that for 
. cotb.nd. It was expected that England would have 1he largest stand-

ard deviation, since it practises not ·only inter- but also intra-school 
differentiation (streaming). Japan is a paradox-a system of mass 
education exist (57 percent of an age group still in school in the 
pre-university year), but although :i junior high s hool and senior 
high school structure exists, it would appear that within these groups 
there is a hierard1y of sthools (King, 1965) and the.re is severe compe
tition among students t1> get into the best schools. This in itself :il• 
ready indicates a very severe form of inter-school differentiation with 
the best schools taking the best students and the poor schools having 
the poor students; this is likely to create a wider spread of scores than 
inter-school differentiation alone as practised in England without 
streaming. The gaps between the blocks of sd1ools in England will be 
considerable, but the tutal range of between school differences is 
likely to be less than in Japan. At the same time, there is very little 
spread within Japanese schools, since it would appear (from discus
sions with Japanese educators) that motivation for learning is im
posed by the teachers and that there is little in tll.e way of scrucrured 
content with motivation inherent in the learning situation. Thus, it 
seems possible that it is the hierarchy of schools which is as ociated 
with a wide spread in this case. (It would be possible to check this by 
a between-schools analysis). Scotland although having more than 
half of its schools designated as comprehensive, practises a high de
gree of streaming within schools. At the same time, there are many 
small schools at the primary level which would tend to produce a 
fairly wide spread of scores. 

In the second group are Israel, Belgium, the United States and 
France. Israel has a student population of wide ethnic background, 
often corning from countries with widely differing standards of edu
cation; in other words, the population was very heterogeneous and 
one of Israel's policies has been to try to homogenise the school pop
ulation more and reduce the spread of scores (d. p. 31). 

On the other hand, all smdents who had immigrated to Israel 
after 1957 were e.,'l{cluded from the testing so that it could be argued 
that a smaller standard deviation might have been expected. As part 
of the homogenising policy an eight year elementary school now ex
ists witl1 transfer to secondary school taking place at the age of four
teen. Belgium and France, on the other hand, have the rraditional 
European type of inter-school dilierentiation, without streaming, but 
with grade repeating, both to a considerable degree. The United 

•J[i 97 



States. although not possessing de jure inter-school clifferentiacion at 
tJ1e junior high school level, has de factu: a certain amount is found 
jn the form 1>f segregated schools in some areas; furthermore, ability 
grnuping <1nd enrichment programs are fairly commonplace (from a 

1epresentative sample of Junior High Srhools 6G% of school princi
pals said that in tJ1eir sch(Jols ability grouping w:i.s practised univer
sally or generally-Husen et al., 1y67). 

Again. in L11e United States, SLULlenLS attend a school near where 
they Jive; siuce families of similar socio-economic status tend to live 
together, this has a homogenisin,g effett on 1.he schools in parricular 
areas, e .g. s11J)lu-bs, slums, etc. 

ln the third group are the Netherlands, Australia, the Federal Re
pnl>lic of Genuany, Sweden a.11cl Finland. The Netherlands practises 
inter-school differentiation but differs from the other European se
lective systems represented in this study in that it is a system with a 
middle sd1ool. Definitive transfer to the academic-selective or pre
university school is noL made al the end of tJ1e primary school course, 
buL i~ deferred t1ntil the age of fourteen. The intervening· period is 
spent in a common second:u·y school. However, grade repetition is 
practised in the Netherlands to a greater extent than in any other 
sysLem in this study (see standard deviations of age in Table 6, 1), 
Australia, ;l.lthough having a more or Jess comprehensive system of 
education, practises grade repeating and also ability grouping (see 
Table 6.3). Germany (and it must be reemphasized that the data 
representing Germany come from on ly two of its Lander-Hessen 
and Schleswig Holstein) has inter-school differentiation, no within 
school differentiation and a certain amount of grade l'epeating. Swe
den has officially neither inter- or intra-school diilerentiation a t this 
level (7 arslwrs), although some within school differentiation takes 
place in Grade 8 and following grades. Finland practises inter-school 
differentiation, a certain amount of grade repeating (rank. 5 in T able 
G.1) and inb·a-school diHerentiarion. 

The above brief descriptions have served two pw·poses. First, they 
have aLterupted LO supply qualitative descriptions o[ not only the 
inter-school differentiation which takes place, but also of the intra-
5cJ1ool differentiation in terms of both grade repeating and ability 
grouping or streaming, which will be ex~ined emprirically later in 
this chapter. 

Unfortw1atcly, it has not. been possible to consider the inter-school 

differentiation empirically because of lack of objective measure of 
the extent to which inter-school differentiation takes place in each 
system. lt can, indeed, !Je seen from the above description how diffi
cult it would be to establish an index. for the type of de facto inter
school differentiation which exists, £or example, in Japan. One pos
sible measure on which data exist would be the retentivity index 
used in Chapter 5 whereby high retentivity could be regarded as 
analogous to little inter-school differentiation. Unfortunately, this 
would place Japan as having less inter-school differentiation than 
Sweden, which is obviously untrue. ( I£ the total percentage of an age 
group retained to the pre-university year is used as an imlex of inter
school differentiation (low reLcntivity equivalent to high inter-school 
differentiation) the rank con-elations between this and the standard 
deviation of mathematiQ, scores for Populations ia and i b are .20 

and - .57 respeclively-Jsrael omitted from 1 b-which does not 
accord with common sense.] However, this measure has too many 
limitations to be used in further analysis. lt is dear that in future 
international educational research more thought must be devoted to 
developing a measure !or this elusive va.rfable. The measures ob
tained in this study of grade repeating and ability grouping are less 
limited. 

Intra-School Differentiation-Grade Repeating 

Table 6.1 presented the standard deviations of Population 1b stu
dents' Total Mathematics Scores and also che standard deviations of 
age in each country which serves as an index of grade repeating. The 
correlation between them is - .53, indicating that the more grade 
repeating is practised, the narrower is the spread of scores. This 
supports the theory that when a grade system of promotion is a 
feature of the system of education, then teachers will tend to leach to 
what Lhey judge to be a mean level, which tends to reduce the spread 
of scores. 1n age promotion systems, the spread will be wider, since 
there will be a tendency either to allow students to progress at their 
own rates through the various subject contents to be learned, or to 
introduce ability grnuping. 

It is also of interest to examine the corresponding data for Popula
tion 1a. Table 6.2 prese1us the mean, standard deviation and num
ber of students of Total MatJ1ematics Score for each country as well 
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'l',11 le 6.2. _l,,[1,a,~,, (t1111rlnr,J deui<11iu11s 0.11d N'~ q.f lt>lal mathc:matics score a11d Jlcmdard 
Jcuiations Cl/ agr in rnontlu 

(Popubtion ta) 

Total mathematics score Age 
Age s.o. 

Countrv M S,D. N s.u. (1 b) 

. ustt,di:i zo.18 14.. 0 1 2916 3.5 7.7 
Belg,um ::7.74- 15.02 1686 3,3 8.8 
'England 19.31 16.97 3012 3.:3 4.2 
Finland• 1 5•39 10.76 1156 :;.:i 6.7 
FranLt: 18.32 H1.37 z41 Q g.5 7,8 
J ~pan 31.16 16.90 2049 3.4 3.4 
NetJu:rlands 23.86 15.91 428 3.1 11.6 
Scotland 19.05 14.64 5z56 3.5 5.4 
!'-wcdcn 15.70 10.81 2553 3-4 4--9 
U.S. 16.15 13·34 6231 3.5 6.8 

~ See note roucerniug Finnish da ta on page 6. 

as the standard deviation of age. The standard deviation of age for 
Population 1b is really a beller index oI 1.he amounL of grade repeat
ing practised, since Population 1a is a chronological population 
1.ak.en Crom across grades. Thus, t.he standard deviation of age for 
Population 1b is repeated in this table. (Table A.7 in t..he Appendix 
presents for Population 1a the means, standard deviations and num
ber of studems for each country by sub-sample for Total 1\lfathemat
ics ScoTe, Higher- Mental Proce~ and Lower fental Process.). 

The spread 0£ n1athematics scores in Japan, Sweden and the 
United States is much the same as for Population 1b. England and 
Scotland have small standard deviations and Australia, Belgium, Fin
land, France and the NeLherlands have larger ·standard deviations. 

]though this indjcates that where an age group is spread over 
grades its standard deviation is larger than when a grade group is 
spread over ages (again because the teacher is teaching to a grade 
level), it is still interesting to note that England (inter- and intra
school differentiation) anJ. Japan (severe de facto inter-school di(fer
entia1i n) have the largest standard deviations. However, it is to be 
expected that the chronological population's (1 a) standard deviation 
will be more strongl associated with the index of grade repeating 
that has been chosen than the standard deviation of the grade popu-

JOO 

1. tion (1 b). he c rrelation is - .05, which although negative is 
less o lhan the correlation of - 53 in Population 1 b between the 
mathematics score and grade repeating. This supports the theory 
that the standai-d devi tion will be 1arger where an a.ge group 
is spread across grades than when a grade group has some other ages 
in it. However, before :rrriving at any overall conclusions let us also 
examine these standard deviations in con junction with measures o( 
1J1e amoun t of ability grouping practised in each of the systems. 

Intra-School Differentiation-Ability Grouping 

Each school principal of the schools in the sample was sked to re
spond to the following q1,estion on the School Questionnaire: 

To what extent does edu :ational differentiation (e.g. setting, streaming, 
abilily grouping) take place within your school? 

lt is universally pract1~ed 
It is generally practised 2 

It is pract..i e<l. in some age or grade groups only 3 
It is practised at all 4 
Comment 

This was asked in various ways in the various countries, but al
ways coded according to the above international frame of the ques
tion. The United States phrased tb.eir question as follows: 

To what extent does ability grouping take place withiu your school? 
It is practised for all pupils 
It is practised for some pupils at all levels 2 

It is practised in some. age or grade groups only 3 
(Indicate in which groups under "Comment") 
lL is not practiced a.t all ,J 
Comment 

the French as follows: 

Dans quelle mesure pratiq-uez..vous Ja selection (entou.rez le numero cor
respondanL) 

Toujouts 
Gfoeralement 2 

Relatif a un certain ige ou a un cenain niveau .3 
Jamais 4-

Donnez Jes raisons de votre action 

and lhe English as follows : 
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To what l'xtc11t docs e<lu ational differential.ion (e.g. setting. streaming, 
a!Jility grouping) ta.kc place in }'OUT school? 

I t is universally prauised 
lr is generally practised 
lt ifi prnnised in some :ige groups only 3 
It I not practued at all 1 
Tl is practised in mathemaliC5 at all ages 3 
lL is practised in mathematics in sc,me age groups only 6 
it is practised in one 01: mol'e other sub_jer,1s at all age, 7 
It is pratti ~et.l i11 one or more other subjects in ome age groups 

only 8 

Comment 

Two indires , ere derive<l from the data. The first was a mean 
sc re based on the code 1-4 where a low number devotes ability 
grouping is practised a great deal and a rugh number rneans it is 
pratiisecl little or not at all. The second was t.he percentage [ all 
~chool principals responding to either the first statement (universal) 
or the second (general). Ta le 6.3 present~ these data for both Pop

nbLions 1a and 1 b. 
Since the first index is based n all of Lhe responses nnd not just 

two a.s in the case of t.b.e second inde.x, it is the £irsL index which will 
be u ed. There is, of course, a very close imilarity in t.he ranks. Some 

Table 6.3. I11diccs of the c.>:terit of ability grouping practised, 

Population ia 

Ability groupiog 
umber 

Population 1 b 
Ability grouping 

Number 

t.>UlllJ'Y (r) (2) of schools (1) (2) of schools 

Auslralia 2.63 48 108 2.63 48 72 

Bclgium 2 -47 54 61 2.47. 57 61 

F.ngland ..... 12 64 184 2.13 li4 182 

Fed. Rep. 
of Ge.rm.iny 3.83 0 161 

Finland 4.0 0 ll l 4.0 0 111 

France 3.0 45 l!l5 3.02 20 124 

Israel 3-44 2 1 54 

Japnn 3.88 0 210 3.88 u 210 

Ncrbcrl nds '.P4 9 88 3• I l 10 30 

Sco\la11d 1.75 77 73 1.73 78 73 

Sweden 2.69 36 Bo 2.69 34 8o 

U..A. ~.tg 62 395 2.21 66 395 
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comment on these indices seems appropriate at this poioti iL is diffi• 
cult to believe that in Finland there is no ability grouping whatso
ever, especially ince some in1er-school differentiation is practised. 
The United Stales s hools seem to practise ability grouping mucJt 
more than one would k1.ve expected. Although there may have been 
some error in filling in the responses, it is. however, unlikely lO have 
been consistent when one observes the numbe1 of the schools in
volved. 

Sweden ranks sixth in the amount of ability grouping practised in 
the schools as a whole, although it must be remembered that no 
intra-school di(ferentiation officially took place until seventh grade. 
The product-moment correlations between the extent to whi h abil
ity grouping is practised in a system and the standard deviation of 
Total Mat.hematics Score is - 29 and -.18 (the negative sign is a re
sult 0£ the code) for Populations 1 b and I a respecti ely. This sup
ports the hypothesis that by forming homogeneous groups o( ability 
or achievement wichjn an overall age or grade group, the overall 
group will become more heterogeneous in its achievement than if it 
were taught without differentiation. It is clear that the greater the 
extent to which ability grouping is practised, the wider are the 
standard deviations of scores. However, it is also important to exam
ine the relationship between ability grouping and lhe standard de
viation of mathematics score when grade repeating and the mean 
mathematics score are held constant. 

Table G.4 presents for Population 1a the standard deviations of 
total mathematics scores for each country as well a the measure of 
ability grouping, grade repeating and mean mathematics score. The 
latter is included since it has already been noted that there is a sub
stantial correlation between mean score and standard deviation. 

Tables 6.5 and 6.6 present the product-moment correlation matrix 
of Table 6.4 and the simple correlations and regression weights8 of 
ability grouping, grade repeating and mean mathematics score as 
predictors with the criterion (standard deviation) , The third column 
of Table 6.6 gives the contribution to the total variance (multiplied 
by 100) of each of the predictors. 

ll is evident that ability grouping is strongly associated. with large 

• The multiple regression procedure used was that reported by Cooley and 
Lohnes, Multivariate Procedures for the Behrrvioral Sciences, Wiley, New York. 
1962. pp. 31-59. 



Tahl · G+ Standard de11iatio11.r, mca..mm efabiliry grouping and gratf~ 
repeating and m~an matl,cmatics ,rc(!res. 

(Population 1a) 

s.o. Abilily Grade 
,~f math. group- repeat- tvfcan score 

Country srores (1) ing (2) ing (3) mail,. (4\ 

uslralia 14,0[ ::.t'.i3 7.7o 20.18 
Brlgiuru 15.02 2.47 8.80 27-74 
England 16.97 2.12 4.20 19.31 
Finland 10.7G 4.00 6.66 1 5•39 
France 12.;17 3.00 7.80 18.32 
J;i.pan 16.90 3 .88 3-4° 3I.I6 
Netherlands 15.91 S·I.J. 11.60 23.86 
Sc:otl11.ncl 14.64 I.75 5.4o 1 9.05 
Swcdt:n 10.81 2.69 4.90 15.70 
U.S.A. 1 3·34- 2.19 6.80 16.15 

Grand t-.{ean 14.07 .2.79 6,73 20.69 

'l'aod s.o, 2.26 o.73 2.42 4-79 

Table 6.5. Product moment oorralatio11 matrix of Table 6.1-. 

2 3 4 

2 

3 

+ 

1.000 - .181 

t.ooo 
-.047 

.039 
1.000 

.726 

.265 

.060 
1.000 

Table 6.6. r, band rb i oo of Table 6.5. 

r b rb 100 

Ability grouping 
Gracie repeating 
Mr.an TMS (corr.) 

- .181 

-.047 
.726 

- .399 
-.082 

.837 

7.22 
0.38 

60.77 

R1 = 0.684 
R -0.827 

Total varfance account ·d for 68.37 

standard deviations fa bolh populations (the negative signs are mei·e 
consequences of the coding used). As e.xpecled, grade repealing is 
associated wit.h small standard deviations in Population 1 b (the 
grade population) but has practically no association with the size of 
the standard deviation in Population ia (the chronological popula-

Table 6.7. Standard deviations, measures Qj ability grouping and grade 
repeating and mean mathemo.ticJ scores. 

(Population rb) 

Ability Grade Mean 
s.o. of rnath. group- repeat• score 

Country scores (1 ) ing(2} ing (3) madJ. {4) 

Australia [2.28 2.63 7-70 18.88 

Belgium !!3.75 2-47 8.8o 30.43 
England 18.53 2.r3 4.20 23.76 
Ftld. Rep. 
of Germ.:,.ny 11.70 3.83 6.60 25.45 

Finland I 1.61 4-00 6.66 16.13 
F1-ancc 13.23 3.02 7.80 20.96 
Israel 14.67 3.44 5.60 32.29 
Japan 1(.i,90 3.88 3-4° 31. 16 
Netherlands 12.12 3.11 11.60 21.43 
Scotland 15.69 1.73 5.40 22.31 
Sweden 10.83 2.69 4.90 15.26 
U.S.A. 13.2r 2.,21 6.80 17.85 
Grand Mean t3.7r 2-93 6.62 22.99 
Grand s.o. 2-34 o.75 2.21 5.82 

Table 6.8. Ptod11ct-moment correlation matl"'i:,c of Table 6.7. 

2 3 4 

1.001'1 - -294 - .535 .544 
2 1.000 .OIi .220 

3 1.000 -.164 
1,0004 

tion, where students of the same age are spread across several grades), 
Again, as would be e.xpected, the mean store contributes consider
ably to the variance since it was known that the distribution of the 
scores on the tests tended to be o·owded towards the foot and open 
at the top. 

From other researches already mentioned at the beginning of this 
chapter, there is evidence concerning the efiect of grouping practices 
on lower socio-economic groups in some systems of education, but 
before proceeding to consider some of the implications of the results 



Table 6,9. r, band rb 100 qf Tablt G.8, 

r b rb 100 

Ahil,ty grouping - •2 94 
Grade n:peating - .535 
Mean 1'M (,orr. ) .544 

Total variarn:e accounted for 

- .42!2 

- .448 
-~63 

1-i.41 

~3.97 
30.63 

67.01 

R1 = 0 .670 

R = 0.819 

p1-esen ted in this chapter. it is well to reflect on certain limit,i tions 
to the findings . First, there is no separnti n oi setting £rom abilit 
grouping in the measure of ability grouping-thus the measure is 
impure. The mea ure of grade repe:ning is an inferred measure. 
Pure.r measures should in future be obtained. With a maximum of 
12 observations (in this case countries) a mulLiple regression analysis 
conta ining more th:rn tl1ree predictors j inadvisable because of the 
few remaining degrees of freedom. If we had more systems in the 
anal ·sis- eit.lter 10ore coumrie or ub-clivisions of countries- this 
an:ilysis oulci be pushed rnu il further. 

Implications 

vVbaL are the educational implications o[ Lhese findings? Some Euro
pean countries .:ire con idering changing from a selective school sys
tem to a comprehensive system (e.g. England). Sweden has already 
done so and aboul half of Scotland's secondary scho ls are compre
hensive. It should be reali ed by policy makers that to eliminate 
inter-school differentiation but to retain intraschool differentiation 
(auili1y grouping) will till mean a fairly large variability of achie\'e
ment, although perhaps not quite so large as before. The p1·inciple o( 

ability grouping within schools is exactly the same as that o{ inter
s hool differentiation. Many teachers (Yates, 1966) believe in ability 
groupi ng and even though teachers or head teachers are in a deliber
aLe non-ability grouping school they will occasionally indulge in it 
subconsciously-for example. the head teacher who says: "Ah. yes, 
I h ave no srreamin)?; in my school; in this cl ass X, for example, there 
are pupils of very different abili1y, an absolutely heterogeneous 
group: the bright ones are over there on the right hand side, the not 
so bright in the middle, anrl the poor ones on the left." In other 

\lords, it is the philosophy of the teachers which it is important to 
change; it would be msuflicient to take an administrative decision 
that there should be no more ability grouping in schools without also 
helping the teachers to change their outlook. Tl is may be partictt• 
larly difficult in countries such as England and Scotland, where the 
capacity theory 0£ intelligence. is very prevalent, not only among 
teachers, but also among some educational policy makers (Pidgeon, 

l 966). 
here is evidence (Svensson, 1962, and Husen, 1966) to indicate 

that "good'' Rtttdents are not held back by "poor'' students when in 
the same school :ind, whal is more important, that "poor" students 
improve when with "good" students, whereas when put into a ho
mogeneous group they deteriorate. Thus, where differentiation is 
being practised at an early stage in the school system, it is the "cul
turally-disadvantaged" ,tnd/or lower abilitJ child who suffers. In 
a sense, the practice of differentiation can exacerbate the plight of 
the culturally-disadvant;1ged dtild, l>ince once differentiated into the 
''poor" ability group (l'!ilJ1er imer- or intra-school) he will, in rela
tion to bis peers (age group) deteriorate-wide tandard deviations 
- rather than improve-nan·ow standard deviations (cf. Robbins 
Report, Appendix 1). 

The evidence provided in this c.hapter is based on differences be
tween educational system, and it would seem that administrative 
decisions concerning both inter- and intra-sd1ool differentiation can 
affect the size of the standard deviation in maLbematics scores. 
Whether the same woukl hold true in other subject areas is a matter 
for future re ·earch, but it would seem likely. Educational policy 
makers should be aware of Lhese facts , hen considering any changes 
in their school stems. 

Summary 

The relationships between three aspects of differentiation and the 
variability of mathematics scores on the IEA tests are exam,jned in 
r_he light of data from twelve different systems of education. The 
three aspects are (1) inter-school diHerentiation, (2) intra-school dif
ferentiation (grade repeating) and (3) intra-school differentiation 
(ability grouping). After a djscussion of relevant previous research. 
both at the international and national levels, an examination was 
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rn.ide of the standard deviations for Populations 1b and u1. Popula
tion 1l> was chosen as the main focus of atten lion, since it is the last 
grade still in compulsory schooling in all of the counrries in the 
~tudy. Interpretation of the size of the standard deviations in each 
country was undertaken in terms of the three aspects of differentia
tion mentioned. Unfortunately, no suitable index of inter-school d if
Ieremiation exists, but it would seem that either de facto or de 711re 
inter-school differentiation does tend to be associated with wide 
standard devi:uions. 

The stand;trd deviation of age of Population 1b was used as a 
roeasnre of gracle repeating, and it was founrl iu Population 1 b that 
the g,·eatcr the <lef_,•i:ee of grade repeating the smaller the standard 
deviation, HoweY<~r, the association in Population 1a was, as ex
pected, nearly tero. 

Specific data were collected from the school principals of schools 
in tl1e sample on the extent to whicll :ibnity gTOuping was practised 
in thefr schools ~ts a whole. The mean score on lhjs vari:tble Cor all 
schools in the t::u:get population wi(J1in <\ country served as the index 
of the e.xtent lo whid1 ability grouping was practised in each coun
t!}'· T here was a correlation of about .25 between the size of standard 
deviations and the extent to which ability grouping was practised. 

When grade repeating was partialled out of the correlation be-
1ween standard deviation aud ability grouping the coITelation was 
about + '\I\Then ability grouping was partialled out o( the con-elation 
between standanl deviation and grade repeating, the 1b Population 
correlation became about - .4 and the 1a Population remained near 
zero. This indicated that grade repeating was associated with a lower 
standard deviation for Population I b while for Population 1a there 
was no association. 

Differentiation into homogeneous groups (intet-school di£ferentia
tion and in tra-sd1ool differentiation-ability grouping) within age 
groups was found to be associ:ned with large standard deviations. 
Grading and grade repeating is associated with small standard devia
tions. Educational policy makers should be aware of the 1·elation• 
ship between these educational ptactices and the spread of scores on 
achievement tests in mathematics. This is of particular importance 
in tlie debate concerning selective versus comprehensive systems of 
education. Ability grouping v;ithin schools is associaLed with large 
standard deyjations in a school system, even tJ10ugh that school S)'S-

tern may have no inter-school differentiation, Furthermore, it is not 
enough to take an administrative decision concerning differentiation 
without, at the same time, changing teachers' attitudes about diffe
rentiation. These findings are also of interest to those concerned 
with the "culturally clisadvaDLaged" child, since certain differentia
tion practices can exacerbate his plight, whereas i t would appear 
Lbat non-differentiation might improve it. It must be remembered 
that these findings are concerned with one subject area only, and 
must be checked by future research in other subject areas. 
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CHAPTER 7 

Specialization and Age of Entry 
to School 

Two sepa.rale aspects of school organizaLion are examined in wis 
chapter. The first concerns the relmionship between couuu·ies o[ 1.lie 
number o( subjects studied (specialization) in the pre-university year 
by the mathem:n.ics group (Popula.ti.oll 3a) and the mean mathemat
ks ;:ichievement score. The second concerns the relationship between 
countries of the 1 3-ye:Lr-olds (Population ta) :111d 13-year-old grade 
(PClpuJatio11 1 L) mean mathem:nia scores anJ the age at whir.h tl1ey 

entered school 

Specialization 

ln some educational systems, pre-unive1·sity )Car srn<lents sLUcly only 
three m four sulJjects am.I have been doing so since the age of sixteen 
(England and Scotland) whereas in other counu-ies all students are 
expected to continue stuJying nine or more subjects to the end of 
1J1eir sccond:u·y school c:'.lreer. The English position is based on the 
: 1tkged virtues of study in depth. The Swedish position (g subjects) 
rnay be buse<l partly on the assumption that, given the rapidity of 
tedinological change, which means that many of the next generation 
will almost ine,·itably have to be occupationally retrained at least 
more than once in their working lives, it seems that a broader educa
tion is more appropriate for the academically gifted. 

In those countries where specialization occurs, it often happens 
that students begin dropping subjects as early as 13 years of age (e.g. 
England-see Jackson, 1966) and by the age or 1G, there is an 
evident bias (ans versus science subjects) in the cluster of subjects 
studie<l. Does specialization really lead to a greater knowledge of the 
subject studied? It is possible to examine this in the light or the IEA 
cl:'.lta-knowledge in this case being defined as t11e mean achieve-

ment scores on the lEA mathematics tests. In Population 3a, all stu
dents were studying mathematics in the pre-university year; in some 
educational systems, however, mathematics was studied in conjunc
tion with only two otJ1er subjects, whereas in other systems, it was 
studied in conjunction with eight or more. 

There has been a gTeat deal of discussion about t.he values of spe
cialization, but no research appears to have been carried out. This is 
perhaps not surprising, since within systems of educaLion there has 
been a uniformity of p-actice. Furthermore, where a system has had 
students specializing in three or four subjects only, it has been the 
brighter students who have studied four or five subjects and who 
would therefore be likely to be higher scorers than those only sLUdy
ing two or three Sltbjects. The IEA SLudy is the urst large-scale in
ternational study of ils kind, antl therefore this is the first time that 
comparisons can be made of achievement between groups studying a 
limited number of subjects and those studying more. 

In tl)e School Questionnaite, a question was asked about the aver
age number of subjects studied in each grade in the school. Unfor
tunately. the data obtained are limited in application, since in some 
countries different inLeipretations have been put on the word "sub
ject" by different head teachers. Some have imerpreLed all "subjects" 
as including sport and drama, whereas others have included aca
demic subjects only. However, the data given in the Case Study Ques
tionnaire on the "number o[ subjects studied" would appear to be 
in order. Table 7.1 indicates the average number of subjects studied 
per country (according to the Case Study Questfonnairc), the mean 
corrected mathematics score in each coun try, and the standard devia
tion and the number of students. 

H the eight countries showing eight or more subjects studied are 
combined to form one group, and cJ1e three countries showing four 
or fewer subjects are combined to form a second group, then the 
mean scores of the two groups are found to be 3 t.1 and 24.8 respec
tively. giving a difference of 6.3, which is highly significant. Students 
from countries where 8 or more subjects (of which mathematics is 
one) are studied at the pre-university level perform better in math
ematics than students from countries where only four or less subjects 
(of which mathematics is one) are studied. This is contrary to ex
pectation . 

There are, however, complications, The United States system is 
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able 7 1 . Nu!llb8'T of subjects studied and mr.an score I!)' country 

(Population 3a) 

No. of Number 
subjects Mea u Standard of 

C uriu·y studied score deviatton students 

13elgium 9 ... 34.6 12.6 519 
F rance 9 - 33-4 to.8 222 

·cthedand~ 9 3 1.9 8,l 462 

J apan 9 -,. 31.4 14.7 8 18 

Finland 9 2 5·3 g,6 369 
Fed. R ep, 
of Gerinany 9 28.8 9.8 6.1-9 

Sweden 9 27-3 l L() 776 
Israel 8 36--1- 8.6 146 

AUJitra lia 6 .21.6 7.5 J089 
Scotland 4 2 5•5 10 ,5 1,p ·2 
u. .A. 4 13.8 12.6 1568 

England 3 35,2 J!:! ,6 967 

not as specialized as it would appear from the entry in the table, be
cause althoogh it ro.ay be the case that only four ' 'solids ' are studied 
in Ll?ili grade, they may not be tl1e same ·'solids" as in 11th grade 
(ot perhaps nly one or two are the same in boili grades) and thus 
the actual number of subjecLs studied in the last two grades could 
range from fom LO seven or eight. If the United States is omitted 
from the specialist group, the average score 0£ tha t group then be
comes 30.4, which is not significantly different .from the average of 
31.1 of the first group. 

Assuming the TEA mathematic tests to be fair tests of mathemat• 
ical achievement of the various pre-university populations studied, it 
is su.tpr:ising that students from specialization countries do pot score 
significantly higher than students from non-specialization countries. 
It should be pointed out perhaps that some English matliematical 
educators have slated that they did not think that the lE., mathe
matics test extended Lbe best students. Furthermore. in England, the 
sy1l:1bus in Applied Mathematics was covered only to a very small 
extent by the tests. .Because of r.he wjde range of scores between coun
tries wi thin each of the two groups, it wou1d seem that there are ob
viously factors otlier than the number of subjects studied which 
accoun t for the differences. 

Ill? 

T he average ages of the students in the eight countries (i.e. the 
first eight countrie · in Table 7.1) are, with one exception (fapan), 
over 18, while the avei:age ages of the students in the four remaining 
countries are all antler 18, Taking more subjects thus appears to be 
associated with a higher age, the assumption being that students 
must prolong their school education to be able to carry the extra 
load. 

It is perhaps also of interest to note that in two oE the three cou.n• 
tries in which four or fewer subjects are studied there is a mandatory 
age of entry to chool of five years. The question of differing degrees 
of retentivity has been dealt with in Chapter 5, but is also relevant 
iu these comparisons. It is striking that the students in Israel and 
Belgium do not differ very much from .English students in age, since 
Belgium has approximately the same degree. of retentivity as .Eng
land an.d the mean mathematics scores of each of these countries are 
close to each other, even though in England the average number of 
subjects studied is 6ve less than in the other countries. 

The conclusion that specialization, in the sense of restricting the 
number of subjects studied in the pre-university year, is not necessar
ily related to higher scores in mathematics, will probably be of in
terest to educational policy makers and planners in England, Scot
land and Australia. However, it must be emphasised that this study 
of specialization is extremely limited because of the wide differences 
on several important independent variables which have not been 
he1d constant in this analysis. lt is important that further work is 
carried out both nationally (cf. Pidgeon et al., 1967) and interna
tionally. Hopefully, with IEA continuing in six ubject areas it will 
be possible to examine the effects on other subject areas when spe
cialization takes place in a particular subject. 

Age of Entry to School 

In each country there are regulations specifying when "normal" 
children (i.e. excluding such children as spastics, extremely mentally 
retarded, etc.) should at the latest begin compulsory schooling. In 
some countries (e.g. Sweden and Germany) there is a single day in 
the schoo1 year on which all children within a year age range begin 
school. In others (e.g. Scotland and England) there are two or three 
possible days of entry. In most areas ul England for example, all 



children who will be five years of age becween September and the 
end of December begin school on the first of September; those who 
will be five between January and the end of March begin on the 
first o{ January; and those who will be five between April and Au
gust begin in. the middle of April. 

As with most general regulations. the.re are exceptions. In certain 
countries children slightly younger than the mandatory age of entry 
may begin school if tl1ere are exceptional grounds. It is usually the 
local school authority which then decides whether or not the grounds 
are exceptional. In several European countries it is possible for 
d1ildren to start school before they reach the mandatory age, if they 
can prove that they are "mature" enough for school. The judgement 
of this maturity has, up LO the present time, involved physical test~ 
of fitness for school, as well as certain group tests of reasoning. Ex
amples of this testing are the skolmognad.stcst in Sweden and the 
Schiilrr.ifc test in Germany. 

It should be remembered, furthermore, that in all counu·ies pre
schools are at.tended in different degrees. For example, in some Eng~ 
lish-speaking countries there are nursery schools and kindergartem, 
but it is only a small percentage of an age group whid1 attends. ln 
the United States, however, about fifty pertent of children attend 
kindergarten. In the French-speaking countries it is estimated that 
approximately 50 percent of an age group attend the ecole mater
nelle (or jardin d'enfants) . Thus, the differences in amounts of pre
schooling must be borne in mind when comparing aL a later stage 
the performance of students from countries with different mandatory 
ages of entTy 0£ school. 

As far as previous researdl is concerned, there are two cross-coun
try studies which have examined, in part, the effect of differing 
amounts of formal schooling to which childr'en in different countries 
have been exposed. Anderson (1964) has suggested that the superior
ity 0£ the performance of English and Scottish d1ildren over Ameri.
can students at the age of seven can be attributed to the extra year 
of schooling. But when differences occurred at ages ten and four
teen, he preferred to explain these in terms of differences in instruc
tion. Similarly, Pidgeon (1958), although finding English 11-year-old 
children superior lO 11-year-old California children (English mean 
- 29.1, standard deviation- 18.7 and California mean- 12.1, standard 
deviation= 6.8 on a 70 item test), states that the main reasons for the 

different levels in performance are probably due co the £act that for
mal teaching tends to be introduced at an earlier age in England, 
and to the fact that there is a difference in the standards in the two 
systems. He points out that in the United States more limited objec
tives are formulated for children of primary school age and less em
phasis is placed on progress in mechanical arithmetic than is custom
ary in England. 

A national study which has relevance to this problem was carried 
out by Mogstad (1958) in Norway. It occun-ed that 12-)'ear-old stu
dents in a rural region 0£ Norway were in two parallel groups. One 
group received the full week regular schooEng for two years. The 
second group received formal schooling for only half this period (i.e., 
half the amount of formal insLruction). although it muse be noted 
that the second group undertook much more homework due to tl1e 
fact that they were in sparse! y populated areas and could attend 
school for only half the time. In specially constructed atllievement 
tests, the second group was only slightly inferior in perform.a.nee at 
the end of the two years to lhe first group, even though the numbex 
of periods devoted to each subject was half. 

T he IEA Study i s the first study undertaken where it has been 
possible to examine differences between the performance of fully re• 
presencative samples from more than three countries in a particulat 
school subject. Here, it has been possible to compare the perform• 
ances of 13-year-olds in countries having mandatory ages of entry to 
school at five (two countries), six (six countries), or seven (two coun• 
tries). 

The two populations which it is relevant to ex.amine in connec
tion with this prnblem are the 13-year-olds in ead1 system (i.e., lht-

1 a Population) and students in the grade where most 13-year-olds 
are to be found (i.e., the 1 b Population). 

The 1a Populations are cbronologicaUy comparable and are di
rectly related by age to the mandatory age of entry to school. If the 
various lengths of schooling up to the age of thirteen years make a. 
difference, then it should be apparent in this analysis. 

The second population is the grade population in which most 13-
year-olds are to be found. Two extra countries to those in Population 
ia are represented in Population 1 b and for this reasons t.he 1b re
sults are also presented. The actual grades tested have been given ir_ 
Chapter 4. Although the standard deviations of age for Populatiom 
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Table 7.2. Mean ages and .siandard deviatio11s ofage.for populatif/ri.r Ia and 1b. 

Population ia Population I IJ 
----------. 

Mean Mean Standard 
age in Standard age in devia-

Country month:; deviation months lion 

Australia 161 3.5 1 59 7.7 
.Belgium 162 3.3 168 8.8 
Englan<l 102 3.3 172 4.2 
Fed. Rep. 

of Gcnnany 164 6.6 
FinJancl.1- 163 3.3 167 6.7 
France 162 3.5 163 7.8 
Israel 167 5.6 
Japan 161 3.4 161 5·4 
Netherlands 163 3.1 157 11.6 
Scotland 160 3.5 168 3-4 
Sweden 163 3.4 164 4.9 
U.S.A. 163 3.5 J64 6.8 

Median 162 3,4 164 6.7 

Range ~ 0.4 15 8.2 

1 See note oo Finnish data on page G. 

ia and \b have already been given in Chapter 6, they are repeated 
here in Table 7.2 together with the mean ages of these populations 
in each country. 

1n Table 7.3, counu·ies are grouped into three groups according co 
whet.her the mandatory age of enuy is five, six, or seven years of age. 
The median age o-f enrry for each country is given. The source for 
rhese figures is the Na.tional Case Study Questionnaire. Table 7.3 
:1lso gives the means, standru·d deviations and number of students for 
1l1e various groups, The ave.rages for the different groups of coun
tries are simple and not weigl1ted averages. If averages were weighted 
accord.in()'0 to the number of students tested in each country, they 
would be biassed towards the averages of those countries where most 
studems were tested. This is not what is required, but slraight aver
ages with each country regarded as a single observation. 

1t is interesting to note that although the regulations for entry to 
school in England and Scotland differ, tlie actual median age of 
cr1t.ry is the same, In England, the regubtion is that children who 
will become five years of age up LO anJ including the first day of 

Table 7<3 . Mean ,cotes and standard deviations ef SCIJl'cs in mathmzatics 
for different ages ofentry. 

Mandatory Median Population la Population 1b 
age of age of ~ 

Country enu·y entry M S.D. N M 5,D. N 

England 5 yrs 5 YI1i!2 mo. 19..2 17.0 3012 23·7 18.5 3148 

Scotland 5 yrs 5 yrs 2 mo. 19.1 14.6 5256 22.3 15.7 5718 
i:9.2 23,0 

Australia 6 yrs 5 yes 7 mo, 20,2 14.0 2916 18.9 12.3 3078 

Belgium 6 )'T'S 6 yn; 2 mo, 2 7,7 15.0 1686 3o.4 13.7 26+4 
Fed. Rep. 

of Germany 6 yrs 6 yrs 5 mo. 25.5 I r.6 4476 

France 6 yrs 6 yrs o mo. 18.3 12.4 2410 21.0 13.2 3549 
lsrael 6 yrs 6 yrs o mo, 32.3 1 4•7 3232 

Japan 6 yrs 6 yrs o mo. 31.2 16.9 304-9 31.2 16.g 2049 

NetherJands 6 yrs 6 yrs 5 mo. 2 3·9 15·9 428 21.4 12.1 1444 
tJ.S.A. 6 yrs 6 yrs 5 ma. t6.9 12.7 6231 17,g T3.3 6544 

23.0 24.8 

Finland2 7 yn 6 yes Bmo. 15.4 w.8 11.56 lfi,I u.6 1325 

Swt<den 7 yrs 7 yrs omo. 15·7 10.8 2553 15.3 10.8 2lb8 

15.6 15.'7 

• See note on Finnish data on page 6. Jn Table 7.3 the scores given for Finland are 
1be corrected scores. 

next term begin school on the first day of this term. In Scotland, 
it is those children who have become five years 0£ age since the be
ginning of lase term who begin school the first day of this term. 
Thus, one would expect the median age of entry to be about 4 
years 10 mont11s in England, and 5 years 2 months in Scotlan~. 
However, it would appear that because of a shortage of places m 
fofants Schools in England, there is a delay in children's en1,ering 

school. 
The differences in means ru·e listed in Table 7.4. 

Table 7.4. Differences h~twgen mean scores ofgroups with different ages ofentry. 

(Populations ra and rb) . 

6 yrs 7 }TS 7 yrs 
Population v. 5 yrs v. 6y~ v. 5~yrs 

la 3.8 -7.4 -3.6 
1b 1.8 -9.1 -7.3 
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The appiicaLion of the test of the difference bejng more than tw.icc: 
tlle comple., swndard err r of sampling indicales that all the diUer
ences are statii.tically significant and that counlries with an enu·ance 
age of si.x prnduced, on average, higher scores than lhose where chil• 
Jren enLer school at 5 or 7 years of age. There is Jiu.le difference be
nveen the two countries wilh a 5 year entry : a weak majority of coun
tries with a 6 year entry do better than these two, but the two coun
tries with a 7 year eniry do worse. This suggests that some loss at
tends delaying the en u·y until 7 years. 

Age of Entry and Social-Status Groups 

lt was possiule to break down the scores for Population 1a by social 
status groups. Table 7.5 presents the scores for social groups 1-6 and 
for groups 7, 8 and g separately. Tbe definitions of these social 
groups are given in full in Volume 1, Chapter S of R usen et al. 
(1967). The following is a brief description of each: 

Croup 1-Higher Professional and Technical 
Group 2-AdministralOrs, Executives and "\i\Torking Proprietors; 

large and medium scale 
Group 3-Sub-Professional; Technical 
Group 4-Small Working Proprietors (o ther than in agriculture, 

forestry, or fishing) 
Gt'Oup 5-Proprietors and Managers in Agriculture. Foresu·y, 

Fishing 
Group 6-Clerical and Sales Workers (lower levels of white collar 

work) 
Group j-Manual Workers: Skilled and Semi-Skilled 
Group 8-Labourers (hired) in AgTiculture, Forestry Fishing 
Group 9-Unskilled Ma11ual Workers (excl udirtg agTiculture, for

estry, fishing) 
Group o-Unclassified; o Answer 

Al1.boi1gh it would appear that children from social groups 1 to 6 
(profession:il and white-collar workers) benefit more from eru·ly entry 
to school than do children from groups 7 to g (farmers and blue-col
lar workers), it is difficult to draw firm conclusions because of the 
heterogc11eily of scores within each of the age entry groups. There 
are some intere ting differences between social groups within coun-

Table 7,5. Mcm1score in maJhematics by sotiaf-stn.tus group. 

(Population 1a) 

Groups 1---6 Gruup 7 Gro,1p 8 Group 9 

Country M s.o. M S.1), M S.D. N M s.o. N 

England 29.54 17,19 931 15,50 14.69 1764 16.09 1 c.66 50 2.7.6, 17.32 10 

Scotland 26.33 14.88 1456 17.13 13.57 3180 17.04 13,77 122 1:.p.17 12.54 171 

Total 27.90 16.03 2387 16.81 14,.13 4944 16.56 12.71 r72 20 .44 14.93 18r 

Belgium 31.62 14.17 863 24.83 14.72 662 24·49 .21.99 9 21. 19 13.92 107 
France 21.88 13.31 895 16.85 l!.09 1249 15.27 10.59 39 13.82 12.05 80 
Nether!. 29.47 16.21 210 19.28 13.70 185 14.64 9.97 20 21,01 18.24 8 
Japan 33-30 16.61 1406 '28.05 16.27 485 "23.07 14.87 45 21.68 I 7.5::t '24 
U.S.A. '20.17 13,62 2916 13,89 12.06 2645 12.23 ro.45 102 12.89 11.78 28 

Australia 23.68 13·93 1380 18.15 13,18 1219 13·55 nz .80 79 t4.34 ro.79 11 0 

Total .26.69 14,64 7670 20.10 13.50 6445 17.21 13.44 294 17.49 14.05 357 

Finland• 23.87 9.53 407 24.17 10,12 3or 18.17 11 ,33 9 17·1 9 9.79 115 

Sweden 17.62 11.13 11126 l.j..45 10.15 1075 1 1.42 7.92 99 12.21 8.33 49 

Total 20.74 10 .33 1633 19.41 10.1 3 1376 15.07 9 .62 118 14.70 9.06 74 

~ The data here are the uncorrected Finnish dara. It has not been pos.sible to 

rerun these dnta since the misnke in tht! Finnish data was discove.red. 

tries in Table 7.5. Group 7 in Finland has a higher score than 
Groups 1 to 6.a The direction of the scores in Groups 7 Lo g in En.g-
land is contrary to expectation (al though the differences are not 
statistically signi fi cant). 

The actual differences in scores from Table 7.5 are reported in 
Table 7.6. 

Table 7.6. Di.D.ertnces between mean scores in Table 7.5. 

(Population rn) 

Groups 8 
and9 

Groups- 1-6 Group 7 Group 8 Group 9 combined 

5 yrs v, 6 yrs 1.21 -3.79 -0.65 2.95 1.19 

5 yrs v. 7 yrs 7.16 -3..10 1.49 5.74 3.6.2 
(j )'IS V, 7 yrs 5-9S 0.69 2.14. 2.79 2.43 

• This is more like! to be a result oE incorrect weighting than a 1·eaJistic fact

~ec note on Finnish data on page 6. 
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lL is dear th:u Lo make the mandatory age of entry to school 
e:ulier (e.g. from 6 to 5) will not in itself improve performance: 
jL is what happens in that e.xtra year whid1 is important. This is 
particub.tly trne for the children of bluecollar workers. It is the 
qualilitative differences which must now be the subject o( more 
systematic research. 

Further Analyses Related to Age of Entry 

IL has been pointed out in Chapter 3 in Volume ll of Husen et at. 
( 1907) that "when the 3a Population scores are adjusted for differ. 
ences in the proportions of an age group sti ll at school, it is found 
th t tl1e gains between 1 a and 3a stages are directly related to the 
time interval between the two stages, t.he rate of gaju being the same 
in practically all of the ountries". In other words, the differences in 
s1;ores between countries are already established by the age of 13. 

Since thi book is concerned with organizacional a peers of educa
tional systems, i t is worthwhile examining the relationship of certain 
oLher organizalional features in addition to age of entry to school 
to 1!Je differences in rnathem:uics scores between couoLries of 13-year
okl stuclents. 

The number of subjects ·Ludied in grade 8 (the grade where most 
13-year-olds were t be f und) is of interest. Is, for example, the 
stud ing of fewer ubjecl associaLecl with higher scores at this level? 
The number of subjects on average studied in each school was col
lected by means of the School Qu tionnaire. The figure given in 
Table 7.7 i the average for each country. There is considerable dif
ference in the length of preservice training o( teacher as between 
couutries; this in.formation consisting of tbe number of post-second
ary school years preservice training was collected· from the Teacher 
Questionnaire. 'Within countries, interest in mathematics accounts 
for a considerable amount of Lbe variance and i t i therefore of in
terest in a between countries analysis. he interest score was derived 
{tom various pieces o( information collected in the Student Ques
Lionn.iire. The higher the score the greater t11e interest. (The deriva
tion u[ this index is explained in detail on pages 212-213 in Volume 
1 of Hust.In cl al., 1967). There is also considerable variation be
tween countries on the number of hours a week spent both in school 
and on homework. These data were collected through the Student 

Table 7.7. Mta11 mathematics rcore and me1JJttr8S of ~ariou.r indcpmdtnl variabus. 

(Population ta) 

Hrs 
& home-

Total No.of Pre- Inter. school work 
math. Age of subjcds service in per wk perwk 
score entry grade 8 training matb. inmath. in matb. 

Country (t) (2) (3) (4) (5) (6) (7) 

Australia !.I0,18 6.o 8.7 (2.8 59 38 24 
Belgium 27.74 6.o 8.g (2.4 57 62 36 
England 19.31 5.0 8.9 3.1 57 38 17 
Finland i5.39 7.0 g.o ;PI 58 30 24 
Fraoce 18.32 6.o 8.5 2.1 55 45 34 
Japan 31.16 6.o 9 .0 3.2 61 39 30 
Netherlands 23.86 6.o 9.0 4. I 54 44 26 
Scotland 19.05 5.0 8, 2 4.0 53 43 23 
Sweden 15.70 7.0 9.0 4.6 58 57 19 
U..A. 16.15 6.o 7-3 H 62 47 31 

Grand mean 20.69 6.o 8.65 3.39 57.40 44.30 26.40 

Grand s,D. 5-31 0.67 •54 0.85 2.88 9.4o 6.24 

Questionnaire and again the higher the number the grea1er the n um-
ber of hours.4 

Table 7.7 present the data on each of the above variables as well 
as on Mean Mathematics Score for Population ia. For convenience, 
columns 5, 6 and 7 have been multiplied by ten. The data are pre-
sented only for those countries for which data on all of t11ese vari-
ables are available. 

Table 7.8 presents the product-moment con-elation matrix from 
Table 7.7. Table 7.9 presents the simple correlations, regression co
efficients and their produ ts multiplied by 1 oo. 

With as many as six constants fitted to ten observations it is clear 
that the multiple correlation will be rather spuriously high. None 
the less the regression coelliciencs are perhaps worth some attention. 
Let us take them in turn. The large negative coefficient for "age of 
entry" reflects h.ieOy the fact (see Table 7.3) that the countries Je
laying age of entry until the age of seven are low scorers. The large 

' For detailed information liow the data in this collected 
(except for ·'Interest 
et al., 1967). 
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Table 7.8. Prod11ct-111omcrrt corre/,1tio1, matri.x of Tablt 7.7. 

2 3 4 .5 6 7 

2 

3 

·1 
5 
{j 

7 

l,l100 -.2•)8 
!,ODO 

.37 7 
,276 

1.000 

-,:334 
137 

- .301 
1.000 

.070 

.348 

--2 49 
.097 

1.000 

•180 

.106 
- .068 

.110 

- .071 

1.000 

·452 

.080 
- .268 
-.462 

.139 

.356 
J,000 

Table 7.9. r, b a11d rb roo of Table 7.8. 

r b rb 100 

Age of eutry - .228 -.894 20.38 Rl=o.967 
No. of subjer-ts R ~0.983 

in grade 8 .977 1.208 45,54 
Pre-service 
training -.334 .622 -20,77 

Interest in math. .070 .465 3.25 
Hours school per 

week .in math. .180 -.067 - 1.2! 

Hours homework 
p"r week io math. ·452 1.-096 49.54 

Total variance accounted for 96.73 

positive coefficient for "number of subjects in Grade 8" reflects 
chiefly the £a t that the United States is a low scoring country. It is 
on1y in the United States that the number of subjects differs by more 
than 1 from the general average. This is the analytical explanation 
of this high coefficient bul it is hard to believe that this fact in itself 
can be a main part o( the reason why the United States is a low 
scorer; it seems much more likely that this is not a case where A is 
Lhe cause of B or vice- ersa, but rather a case where A and B are 
both caused by something else. 

The high coefficient for ''pre-service training'' is on a di£ferent 
footing: common sense suggests that there may well be a causal re
lation here. "Interest in i\1athematics" has a high coeWcient, which 
may well correspond to a causal relation, though lhe direction is less 

clear. Does imerest in mathematics promole g od performance, or 
good performance prom te interest in mathematics? lt is possible for 
observers to hold different views on this. The remaining high coeffi
cient is for "hours 0£ homework per week'' and this strongly sug
gests a causal relation . 

One important independent variable witllin countries proved to 
be the teachers' rating of the student's opporlunity to learn tbe ilem 
in the test (see Rusen cl al., 1967). Eacl teacher was asked to rate on 
a three point scale the proportion of his students taking rhe test 
having had the opportunity to learn each item.6 These data were 
then averaged percenLwise for each couno·y. Table 7.10 presems 
these data for the eight countries where they we.re available as well 
as repeating in addition the measures of pre-service training, interest 
and hours school per week whkh have already been used above. 

The most striking feature of Table 7.12 is the large contribution 
made by "Opportunity to learn". What can this mean? The face 
meaning is dear enough. In the low scoring countries fewer boys 
and girls had covered Lhe subject matter of the Le ts. Can the reason 

Table 7.10. Mean mathematics score and measures of pre-service training, opportunity to 
learn, interest and horirs school per uJssk in Matlmnatics. 

(Popula1ion 1a) 

Total I-fours school 
math.. Pre-s.,rvice Opp. to Interest per week. 
score training learn inmath. in math, 

Count.ry (I) (2) (3) (4) (5) 

England 19.31 3.1 60 57 38 
Fialaud 15-39 3,2 47 58 30 
France 18.32 2.1 50 55 45 
Japan 31.16 3,2 63 61 39 
Netherlands 23.86 4.1 52 54 44 
Scotland 19 ,05 4.0 51 53 43 
Sweden 15.70 4.6 37 58 57 
U.S.A. 16.15 4.4 48 62 47 

Grand mean 19.90 3.59 51.00 57.25 4!?.87 

Grand s.o. 5-3 1 .83 8.oo 3,20 7.81 

• For further details see Chapter 4. o( Vulume II of Hus61 et al., 1967. 
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Table 7, 11. Product-moment correlation matrix of Tablt 7.10. 

2 3 4 5 

1,01)1 - . r76 ·751 .093 -, 194 
.2 1.000 - .473 • 157 .526 

3 l.000 .078 -.572 

4 1.000 - .010 

5 1.000 

be merely that the choice of subject malter of the tests was unsuit
able for these counti·ies and that they might have done better had 
there been a different choice of subject matter. On the whole this 
seems unlikely. It is certainly less likely at this level than at the 
higher level (Population 3a), At the higher level there is much dif
ference of opinion, both within countries and between countries, 
abouc what Lhe mathematical curriculum ought to be but about 
the curriculum at tl1e age of thirteen there is a fairly dose con ensus. 
It seems likely therefore that in countries where the index for "Op
ponunity to learn" was low the students have made Jess progress in 
covering a broadly international curriculum than those in countries 
wJ1ere the index was high. The countries where the index is lm are 
lhe countries where compulsory sd10oling extends longer. They are 
in fact the United States, Sweden and Finland. In tl1e two Scandina
vian countries compulsory schooling does not begin until seven. In 
the United States the proportion staying on after tl e compulsory 
stage of schooling is high. A lale entry would account for tl1e fact 

Table 7.12. r, band rb roo of Table 7. tr. 

r b rb 100 

Pre-service 
training - .176 .132 - 2.32 Rt 0.658 

Opp. to learn •75 1 .98-1, 73.go R - o.Sll 
Intere~t in math, ,093 
Hours school per 

week in math. .298 -5,78 - -194 

Tota l variance accounted for 65.80 

that less progress has been made through the curriculum by the age 
of thirteen. A late age of leaving might also account for it on the 
ground that there is still a lot of schooling to come after the age of 

thirteen. 

Summary 

The number of subjects studied by pre-university students studying 
mathematics ranges from an average of three in England to nine or 
more in several other systems of education. When a comparison is 
made between the mean scores of mathematics students from those 
systems where eight or more subjects are studied and those where 
four or fewer are studied, there is no significant dilference ia. score. 
The conclusion that specialization, in the sense of restricting the 
number of subjects studied in the pre-university year, is not neces
sarily related to higher scores in mathematics, roust be of interest to 
educational policy makers and planners in those countries where on 
average only few subject.5 are studied. ln those countries where m?re 
subjects are studied, the age of terminating secondary s~oo~ng 
tends to be higher, and those countries where the age of terminating 
secondary schooling is lower tend to be those where the mandatory 

age of entry to school is lower. . 
The mandatory age of entry to school is five in England and Scot

land, seven in Sweden and Finland, and six in the other systems 
paticipating in this study. The different degrees of pre-school alt~nd
ance in the different systems are pointed out. When a comparison 
of mean scores of 13-year-old students with different ages of entry is 
made, differences are in favour of those entering at the age of six, 
but it must be remembered that the six Jear of entry scores are very 
heterogeneous. The average of the 13-year-old scores in Sweden and 
Finland (the latter, unweighted cores) is considerably !ower .than 
the average of the 13-year-olds with an age of entry of e1ther s1x or 

five years. 
Again, although it is ea y to pick out pairs of countries to dem

onstrate that earlier age of entry would mean higher scores, the 
overall conclusion must be that age of enu·y at five or six is not 
associated with mathematics score at age 13. The extra year of school
ing employed by those entering at five would not appear to be o( 
consequence as far as progress in matJ1ematics is concerned, whereas 
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1he los~ of a year's schooling between 5ix. and seven appears to have 
a detrimental effect. 

Although it would appear that children .froru professional and 
white-collar social groups benefit more from early entry to school 
than do chikll'en from farmer and blue-collar social group. il is diffi
i:ult to draw finn conclusions because of the heterogeneity of :,core,, 
wid1in each of the age o( entry groups. However, t..his finding is not 
surprising, since it is to lle expected tllat higher social group parents 
are likely to take more advantage than lowe1 social group parents in 
il system with a fixed age ot entry, since they are geared to that age o( 
entry. 1L would be interesting lO examine whether lower social group 
children really did score higher when given tlte chance to have ear
Iie1· enu·y lO sd1ool than some of 1.heir peers within a country. 

It is, however, clear that to make the mandatory age of entry to 
school earlier will not, in it.self, improve performance. It is what 
happens iu that extra initial year which is import.ant. anu it is 1.he 
qu:ilitatjve differences which must now be 1.he subject of more sys• 
tematic research. 

In an attempt to discover if other aspects of school organization 
were likely Lo be 0£ more importance ,v'hen trying to account for 
differences between count.ries in scores of 13--year-ol<ls, certain fea
tures were selected where there was known to exist considerable dif
ference in practice between countries. The features chosen were 
number of subjects studied in the grade where most 13--yeai·-olds 
we.re to be found in tlle school system, pre-service. training of teach
ers, hours school per week and student's opportunity to learn the 
iLem_s on the test (i.e_ the student's programme). Two other variables 
which pertain to some extent to the school :i.nd to some extent to the 
home were also chosen. They were "interest in mathematics'' and 
''hours homework per week". 

The correlations bet.ween these variables and national menn scores 
provided evidence of as~oci.~tion. The regression equations suggest 
that. t..he strongest evidence of association lay between tl1e mean 
scores and the amount of pre-service teacher training, the amount of 
homework and the extent of the opportunity to learn. Evidence of 
association is not o[ itself evidence of a causal relation but it seems 
reasonable enou~h to think that in these cases Lhe relation is causal. 

From other national research (d. Peaker, 1967) it is known Lhat 
for primary sc:hool children within England school variables account 

for about only twenty percent of the variance, whereas home vari
ables (including parental attitudes and aspirations as well as socio
economic variables) account for about fifty percent. of the variance. 
It is therefore suggested that in future intemalional research school 
variables should be taken in conjunction with home variables when 
crying to accounl for differences between countxies. It may turn out, 
of course, for home va1·iables that unlike thefr contribution within 
countries, their contribution between countries 1s small. 



CHAPTER 8 

Summary 

It has been possible to use the data collecled in the firsl phase of the 
researd1 carried out by the international Projerl for the Evaluation 
of Educational A.chievemen/ (IEA) to examine problems of school 
organisation where there is considerable diversity of practice between 
systems. It would be difficult to examine some of these problems di
rectly by experiment, for reasons that are plain enough. But wliere 
diversity of practice already exists across countries, it is possible to 
compare practices, ead1 of which is operating in ils natmal setting, 
i.e, within tl1e context of the philosophy, traditions and attitudes 
inherent in its genesis. ll is obvious that these variables which are of 
ex.treme importance in education would be e.xrremely difficult, not 
to say impossible, to control in a specially designed experiment. 

The IEA l1as constructed internalional mathematics tests and ad
ministered them t0 representalive samples of studems [rom four 
populations in full time schooling: (a) all 13-year-olds, (b) all stu
dems in t.he grade where most 13-year-olds are to be found, (c) all 
pre-university mathematics students and (d) aJI pre-university non
mathematics students. Questionnaires lO collect background informa
tion were a lso constructed and administeied to the students telited, 
their mathematics teachers and their school principals, The data 
were filed on to magnetic tape and data analysis was cai-ried out in 
the University of Chicago Computation Center. T he data presented 
in tltis monograph have been cnlleJ from the_IEA data. 

The first practice to be examined was that of retentivity~the in
verse drop-out rate of a system. of education (see Chapter 5). The pro
portion of an age group still in school in the pre-university year 
v:u·ied for those stndents studying mathematics from four percent in 
Belgium to eighteen percent in the United States and for t110se not 
studying roathematics from three percent in the Netherlands to fifty• 
two perceot in the United States. 

The average level of mathematics performance o( pre-universit) 
swdents is lower in those countries with larger percentage of an age 
group still in ~chool at t11e pre-university level. This js true for both 

students studying mathematics and lhose not. However, the perform
ance of the best studenls is much the same in all systems. However, 
when the achievement "yield'' (mean score multiplied by the propor
tion of an age group in sd1ool) of the pre-university students is ex
amined, it can be seen that by increasing the retentivity of a school 
system, it is possible for a system to have both a high overall yield 
and an undiminished elite yield. Germany and Belgium have rela
tively high yields at the 13-year-old grade level and relatively low 
yields at the pre-university level. 

These facts are of .interest particularly in those European systems 
of education where the possibility of increasing retentivity is being 
examined and where many strong rearguard actions are being fought 
mainly concerning 'the maintenanc.:e of academic standards, In future 
research, it should be possible not only to refine the measurement 0£ 
"acquired yield" and indicate this in various subject areas, but also 
to compare ·•acquired yield" with "required yield" (cf. Dahllof, 
1963). T he final decision o[ whether or not to increase the retentivity 
o[ a system will be based on economic, political and many other fac

tors. 
The second set of practices to be examined concerned differentia

tion-inter-school grouping, and within the Geld 0£ i n tra-school 
grouping, the practices of ability grouping and age versus grade pro
motion (see Chapter 6). Unfortunately, no adequate measure of the 
extent of inter-school grouping exists (in future research. suitable 
measures should be created; a possible lead might be the coding used 
for School type Selectivity in Pidgeon et al., 1967). H owever, a scru
liny of the data available for 13-year-olds and equivalent grade popu
lations suggests a positive relationship between the standard devia
tions of scores and inter-school grouping. Grade promotion syslems 
have smaller standard deviations than age promotion systems; fur
thermore, the greater the degree of grade repeating, the smaller the 
standard deviation. The more ability grouping practised in a system, 
the larger the standard deviation oE scores. However. when the 
amount of ability grouping practised was panialled out 0£ t.he rela
tionship between grading and the standard deviation of scores, there 
was no relationship for the 13-year-olds' scores (i.e., those who, in 
grade systems, are spread across several grades). 

Thus, inter- and intra-school ability grouping is associated wit.h 
large standard deviations. From otl1er knowledge, it would seem that 



il js tlH: lower soci.il groups (cul1u1ally ilisadvamaged d.rilch-en) v.h.o 
are mainly responsible for the wide standard deviation by having 
low scores. Jn a non-differentiated system, they tend to score higher, 
thus redudag U1e size of the standard deviation. Although the range 
of scores requited within a society roust be determined on other than 
pure]y educa tiona] grounrt~ by lb.at society, there are suong argu
ments for tl1e creation of a non-differentia.ted system, if the assump
tion is made that it is the duty of society to give every opportunity 
to each child to develop to his maximum. It. is, however, poinLed out 
tl1a1 the problem of change in the area of differentiation is not me
rely that of taking an administrative decision for change, but that of 
changing the attitudes, particularly of the teachers, within the sod• 
ety-1le jure auolition of a practite does not mean that de facto it 
will not e.xfat (d., inter-school grouping in Japan). FurLhermore. it 
should ue realised thtlt if inter-sdiool gTouping is abolished, but in
tra-school grouping remains, tbe standard deviation of achievement 
scores will not be much reduced. 

The third practice to be e.xamined was that of specialization (the 
number of subjects studied) in the pre-universi1y year (see Chap
ter 7). The conclusion is that specialization, in the sense of restrict
ing the number of subjects studied in the pre-university year, is not 
necessarily related to higher scores in mathematics. 

The fourth practice was that of mandatory age of entry to school 
(see Chapter 7). Table 7.3 shows that there is not much to choose 
between cnu·y at 5 years of age and entry at 6 years of age but t.hat 
lower scores at 13 years of age are associated with entry at 7 years of 
age. V\Then the performance of 13--year-old students from different so
cial groups is examined, it would appear that students from higher 
social groups benefit more from early entry to school than do stu
deo.ts from lower social groups, but it is difficult to draw firm con
clusions, because of the heterogeneity of scores witltio each of the 
age of enu--y groups. 

It is clear that to make the mandatory age of entry to school 
earlier (e.g. from six to five) will not in itself improve performance; 
it is what happens in that extra year which is important. This js par
t.icul:u·ly trne for tlie r.hildren of blue-collar workers. It is the qualita
tive differences which must now be the subject of more systematic 
research. 

An examination of other variables likely to account £or differences 

between countries in tbe mathematics scores of 13-year-olds revealed 
the importance of the student's opportunity to learn the mathemat
ks involved in the tests (as ra ted by the mathematics teachers). This 
is related to some extent to the qualitative differences mentioned in 
the paragraph above. It will be of panicular interest to mathematics 
educators to examine the statistics of ead1 item in each of the coun
tries and to consider why 13-year-olds in some countries can perform 
well on the item while t.heir counterparts in other countries perform 

only poorly. 
Of the other variables examined, important ones seem to be the 

pre-service train1 ng 0£ the teachers and the number of hours of total 
homework (not just mathematics homework). 

Alt.hough the first object of any inquiry of this kind must be co 
find evidence of association there is a further, more difficult, ques
tion. When evidence of association has been found how is it to be 
interpreted? Evidence of association is necessary if causal relations 
are to be inferred, but it is not enough. When we find an association 
between the amount of rainfall and the growth of crops we infer that 
it is the rainfall that ea.uses the growth and not vice-versa . .But when 
we find an association between interest in mathematics and perform
ance in mathematics there may be a difference of opinion whether 
it is the interest that promotes the performance or the performance 
that promotes the interest. 

In this study the author has presented the evidence 0£ association, 
and has gone on to use the evidence to make those inferences which 
seem LO him roost likely. He recognises lb.at in the last resort the 
interpretation must depend upon memory, introspection, and testi• 
mony and these may differ from one interpreter to another. These 
are grounds for caution in interpretation. They are not grounds for 
refraining from the attempt to interpret. 

This study, and the parent study (HuiIBn et al., 1967), are first 
attempts at quantitative international surveys of educational 
achievement. At the outset many novel problems of measurement, 
representation and control were encountered. In the later stages 
there were problems of interpretation. It is to be expected that as 
time goes on more progress will be made in dealing with these d.iffi. 
culties, and that some of the conclusions readied on the present evi
dence may need revision as better evidence accumulates. But it may 
not be unduly sanguine to hope thac some, at any rate, of the con

clusions will stand. 
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Table A. 1. Participants in I. E.A. 

Fupme11tirtg .Natio,wl C,•n/4r; 

A11sLralia 
Dr. J. P. Kcevcs, Auslraliatl Council for Eclucntion;d Researd.1, Hawthorn E2 
Victoria. 

Belgium 
Monsieur F. Hotyat_. Institut Superieur de Pc!dagogie de Morlanwelz, Morlanwelz) 
Hainaut. 

England 
Dr. W. D. Wall, '!lfr. D. A. Pidgeon, Dr. l<. M. Miller, 1111: National Foundation 
for Educ<11ion:il Rcs\.--arch in England and Waks, 79, WimpoleStreet, London, W.1. 

Federal 
Republic of Ger111any Prof.-ssor Dr. \,\/. Schullze, Deutschcs Institut fur Io
tcmationale P;itiagogiscb,. J•orschung, Frankfllrt/M:, Schlossstrasse 29. 

Finland 
Profc,;sor M. Tako.la. Mr. 0. Yiinentalo, Center fot Educational Research, Uni
versity of Jyvliskylli, Jyvaskyl!i. 

France 
Professor G. Mialaret, Universite de Caen, Faculte. de~ Lettres et Scknocs 
Humaipes, Caen. 

Israel 
Dr. M. Smilanaky, Henrietta Szold Jnstitute for Research in the llchavioural 
Sciences, !lo ffaneviim Street, Jerusalem. 

Japan 
Prr,fcssor S. Sakakibara, Dr. T. Harada, Dr. M. Kojin1a, Dr. S. Kubo, National In
stitute for Educational Research, 6-5-22 SJ1imoou:guro, Meguro-ku, Tokyo. 

Netherlands 
Professor S. Wicge,r.;ma, Dr. M. Groen, Ncderlands lnstitut voor Praeventieve 
Genec.,kunde, 56, Wassenaarseweg, Leiden. 

Scot.land 
Dr. D. A. Walker, The Scottish Council for Resenrch in Bducation, 46, Momy 
.Place, Edinburgh 3. 

Sweden 

Professor Dr, T. Husen, Dr. S. Henry&Son, Mr. L.,M. Bjorkquist, School ofEd~ 
cation, University of StockJ,o)m, Stockholm 34. 

U.S.A. 

Professor C. A. AndersoQ, Professor l). S, Bloom, Department of Education, Uni
versity of Chicago, 5835, K.unbark Avenue, Chicago 37, Illinois. Profc:Mor A. W. 
Fo.ihay, Professor R. L. Thorndike, Teachers CoUcge, Columbia University, New 
York. 

Co11sullant.r 

Test Editors 
Professor R. L , Thomdikc, Mr. D. A. Pidgeon. 

l.ntcmalional Sampling Referee 

Mr. G. F. Peaker, C. n. E., Grasrocrc, Ambll'Jiidc, Westmorland, England. 

135 



,(lmparative Educationist 

Mr. R . F. Gooding~, University of Durham Department of Education Old Elvet 
~~~- , ' 

Data Processor 

Dr. R . M, Wolf, Uuivcrsity of Chicago. 
Coordinator 

Mr. T. N. Postlethwaite pi; ced at the Unesc:o Institute for Education, Hamburg. 

Table A.2. (Continllld.) 

Subject matter Objectives Importancee 

105 Numeric.ii evaluation of these fomiuJae and algebraic 
expressions B 3 

10

10

Table A.2. Summary of topics for popukitions r a and lb, 10

10
Suqject matter Objectives Importance 11

11

ooo ARITHMETIC 11

11
oor Reasonable r.ompetence in the 4 operations on natural 

numbers A,B a 1
002. Ability to carry out simple operations invoJving decimal 

frat:tions A,B 
2

003 Ability to carry out aimple operat.Lons involving simple 
vulgar fractiorui A_. B 20

.2 

004 Understanding the concept of fractions (vulgar and deci
mal) C,D 3 

005 Application of (001)-(004) to everyday life situations C,D 20
3 

006 Measurement of quantities, including length, area, volume 
capacity, time, speed and money A,B 2

3 2007 otion of ratio and proportion, including percentages A,C 3 
008 Notion of arithmetical mean A,C :w

2 

009 Interpreting and making of simple practicaJ graphs and 2

tables A, B,C 3 
010 Intuitive understanding of properties of operations, i.e. 2

a~ociative, distributive, commutative laws A,D 2
2 

on EX'prcssion of these laws by means ofletters B,C 2

OHi Prime factors, divisors and multiples A,B '2 

01 3 Notions of powers and simple calculations of area and 
volume A. C 2 

014 Notions ofnumber systems other than the decimal system A,D, E 2 
015 Notions of square roots A 

100 ALGEBRA 

otions of positive and negative numbers/gra.phical re
presentation AC 3 2[02. Extension to all positive and negative rational number,; 
of the four fundamental operations A,B 

2f
103 Negative and zero exponents A, C 
104 Formulae and algebraic expres,ions ,,C 3 

6 Operations with polynomials and monomials A,B !l 

7 (x+y)', (x - y)• 
(x+y) ( - y) A,B 

8 Notions of equation A 3 
9 Equations of lh.e first degree with numerical coerficienu B a 
0 Simple problems using (109) C 3 
1 Simple systems of linear equations witb two unknowns A,B 
:: General (modem) notions of functions A,C 2 

:J Graphical representation c,f the functions of the typ 
y - ax; y - ax+b; y - a/x, y-ax' B,C 2 

14 Elementary notions of set:! A,C 3 

00 GEOMETRY 

1 Intuitive treatmentofsomegeometrical figures: angle, 
triangle, square parallclogram, rhombus, trapezium, 

circle A 3 
2 Intuitive treatment of: straight line, opposite ngles . 

perpendicular and paraJ!eJ A 3 
03 Intuitive h-catment of symmetry and congruence A 3 
04 Intuitive treatment of translation and rotation A 
5 Measurement of distance and angks A,B 3 

06 Simple constructions with graduated ruler, straight edge, 
compasses, protractor, etc. B 3 

07 Jntujtive treatment of similarity. Scale drawing A, B.C 3 
08 Properties of simple solids A !l 

09 Calculation of al'ea and volume D,C 2 

1o Simple deductive reasoning based on the following: 
(a) properties of angles determined by 2 parallel lines, 

cut by a transversal and the sum of the angles in a 
triangle; 

(b} symmetry of isosceles triangle and :rhombus; 
(c) fundamental conditions of congruence of2 triangles 

(SSS, SAS)· A,D,E 
(d) inequaJity in triangles; 
(e) characreristic properties of the parallelogram. 

rl Simple deductive reasonini;; based on the following! 
Properties of the inscribed angle of a circle A, D, E 

'2 The theorem of Pythagoras for solving simple practical 
problems A,B,C 2 
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Table A.3. (Continued.)Table A.3. Summary of topics J"r ptJpulatiun 3. 

Subject malti!r Objectives Importance 

1.0 SE;T , RELA '10 S AND FUNCTIONS 

1.1 ets 
otion ol Sets 

lotersection of Sets 
Union of Seu A,C :3 
Inclusiun or Sets 

1.2 Relation~ and Funclions 
Condition in 2 va.riablcs 
, ets of ordered pain, relatiom A,C, D 3 
FUilctional relations, etc. 

2.0 ARITHMETIC 

2.1 General treatment of number systems in terms of Jette~ A,B,C 3 
2.2 Natural numbers A,D 
2.3 Integers A,D 
2.4 Real numbers A, D 2 
2.5 Comple.'1: numbers A, B,D 

3.0 ALGEBRA 

3.1 Polynomials A,B 2 

Operations and Factorization 
3.2 Equations and Inequalities A,B,C,D 3 
3.3 Irrational equations A,B,C 
3.4 Systems of equations A, B, C, D 3 
3.5 Matrices and determinants A., n 

4.0 ELEMENTS OF ALYSIS 

-1·' Polynomial fwictions A, B2 s 
4.2 RaLional functioru A, 13 2 
4.3 I rralional functions A,B 
4.4 Circular functions A,B,C,D 3 
4.5 loverse-circular functions A, Il 
4.6 Logarithmic. and exponearial functiom A B, C,D !I 
4.7 Limiu A,B, C, D 3 
4.8 Continuity A,D 2 

-4.9 Derivatives A,B,D 3 
4.10 Integrals A,13,D 2 
4.11 Series A, B 
4.12 Diffcrl"ntial equarion.s A,Il,C 

5.0 GEOMETRY 

5.1 Geometry mainly according lo Euclid A,B,D,E 2 

5.2 19th-ccntury geometry (projective, af6ne, e.cc.) A,B,D 
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5,3 Trigonometry A,B,C
5.4 Analytical geometry A,B, C, D 2 

5.5 Vector, A, B,C

6.o PROBABfLITY AND STATISTICS 

6.1 Descriptive statistics A,B,O 2 
5.2 Pro ba bili ty A. B, C, D 
6.3 Distribution A,D 
6.4 Statistical inference A 

7.0 LOGIC

p Elementary formal logk A,C,D
7.2 Deductive systems A,D 

8.o HISTORY OF MATHEMATICS A

9.0 ADDITIONAL TOPICS 

Table A,4- Regression scaling of Ib and 3a on1o the 3b scale. 

Regression of Regression of 
tc.~t 3 on test 5 ,b 3a 3b ,b 3a 
3b score 3b score Mean Mean Mean Mean Mean
y-a+b,, y-a+b~ test 3 tests total scaled scaled 

Belgium -0.011 2.041 7.215 !J..072 4.964 14.905 24.3n 10.12 38.10
England - 2.109 !J..095 8.398 2.128 4.156 i4.659 22.10 6.6o 39.59 
Fin1and -0.940 2.027 6.825 2.034 4.308 12.942 22.50 7.79 3!P5 
Germany 3.083 1.928 10.340 1,875 4.704 12,381 27.65 12.15 33,55
Japan -6.268 2.491 8.04,6 2.234 6.104 t4.326 25.36 8.94 40.05 
Scotland -2.029 2.053 7,926 2,160 3-499 12,424 20.77 5· 15 34.76 
Sweden -0.488 1·553 9.028 1.758 2.151 12,436 12.69 2.85 30.89
U.S.A. -1.105 1.848 4.375 2.146 2.244 7.066 8.63 3.04 19.56

Table A.5. Indices of social bias.

Country Pop. 3a 3b Country .Pop. 3a 3b Country Pop. 3a 3b

Australia 4•7 Finland 6.o 3·7 Netherlands 12.3 
Belgium 3.6 7.3 France 17·3 - Scotland 10.4 5.7 
England 16,2 24.5 brae.I 3.6 - Sweden 2.1 7.0
Fed, Rep. Japan 6.o '2,9 U.S.A. 1.9 ,.o

o[Germany 45-3 56.4
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Table A.6.•¼,o.n.r. sla11dard deviations and N'sfar total maifwmalics ;wre, /owu m,ntal 
proces.<and higher mental process by ,rub-sample . 

(Population I b) Table A.6. (Continued.) 

Lower mental Higher men ta1 Lower mental Higher mental 
Total math. srnre process score pToccss score Total math score process score process score 

Country M s.o. N M S.D, N M S.D. N Country M s.n. N M S.D, N M S,D. 

AUS'I'RALIA HOLLAND 

Subsample I 17.58 12.34 771J 13.83 9.53 770 3.76 3.65 770 Subsample 1 2 1.89 12.11 361 16.88 9 .03 361 5.01 S-74 361 
Subsample 2 18.32 IJ.30 769 14.86 9.03 769 3,46 3.28 769 Subsample2 19·53 111.71 361 15.01 9•7° 36 1 4.52 3.61 361 

Subsample 3 21.44 12.42 7?1J 16.gQ 9.78 770 3·~9 !3,71 769 Subsample 3 21.79 10.68 361 16.72 8.04 361 5.03 3-46 361 
Subsamp!e 4 18.16 13.04 770 14.56 10.Ul 770 3-~9 3-71 770 Subsample 4 22.52 12.94 361 17.40 9.62 361 5· 1 3 3.80 361 
Average 18.88 12.28 770 15.04 9.61 770 3.84 ll-53 770 Average 21 .43 12.12 36 1 16.51 9.10 361 4-.92 3.68 361 

BltLGlUM ISRAEL 
Subsamp!e 1 26.43 12.96 661 12.15 J0.09 661 5.28 3·72 661 Subsample 1 34--95 14.J:!0 834 26.31 10.16 834 8.64 4,75 834 
Subsamp!e 2 32.37 r4.05 661 17.92 11 .33 661 5.06 4.30 661 Subsample 2 31, 11 13.88 759 .23.86 9.84 759 7-35 4.65 759 
Subsarnple 3 34.04 12.74 661 26,95 9,55 661 7· 13 3.99 661 Subsample3 29.76 16.60 805 22.83 12.10 805 6.93 5,08 805 

uhsample 4 28.90 15i25 661 ia.2.53 11 .51 661 6 .38 4.45 661 Subsample -t 33,35 13,99 834 25.38 Jo ,1 0 834 7-97 4.62 834 
Average 30,43 13·75 661 23.98 10.41 66r 6.46 4,ll 661 Average 32.29 14.67 3232 24.59 10.55 3232 7,70 4.77 3232 

E GL.A:-ID J"'PAN 
Sub.sample 1 25.25 J8.45 793 19.22 14.21 793 6.03 4.86 793 Subsamplc 1 32.38 17.00 512 25,52 12.56 512 6.86 5.07 512 
Subsample 2 22.28 18.81 789 16.95 14.33 789 5.28 4.93 789 Subsample 2 31 .28 16.92 513 24.40 12.54 5r3 6.87 5.02 513 
Subsa.mplc 3 23.G9 177.3 773 J8.31 13·44 773 7.38 4.86 773 S ubsample 3 31.1 I 16.73 512 24.54 12.33 512 6.57 4.98 512 

Subsample 4 23•7 1 19.03 793 18.23 14.73 793 5.47 4.9 , 793 Subsample 4 29.87 16.94 5 12 23.69 12.51 512 6.19 5.07 512 

Average 23.76 18.53 787 18.20 q.19 787 5.56 4.90 78j Average 31,16 16.90 2050 24.54 12.48 2050 6.62 5.03 2050 

1'mLAND SCOTLAND 
Subsample 1 25.98 9.59 210 19 -37 6.88 210 6.07 3,55 210 Subsample 1 23,72 15.22 1443 ,8.48 11.75 1443 5.24 4-.08 1443 
Subsample2 .25.51 8 .56 210 19,4-8 6.61 210 6.og 2,89 210 Subsample2 ,22.72 16.60 1440 17.62 12.70 1440 5,10 4.48 1440 
Subsample 3 26.43 9.73 210 .20. 19 7,40 210 6.25 3.14 210 Subsample 3 .20.45 15.92 1440 15,96 ,2.39 1440 4-49 4.17 1440 
Sub.sample 4 27·55 rn.39 210 .20.125 7.69 210 7.30 3.43 2!0 Subsample4 22.32 15.03 1395 17•57 11.91 1395 4•75 3.83 1365 
Average 26.37 9,57 2)0 19.8~ 7. 15 210 6.54 3.25 210 Average .22.31 15.69 "l425 ;7.41 12.18 1425 4.90 4• 14 1425 

FRANCE SWED!tN 

Subsample 1 19.10 13·95 922 15.18 10 • .54 922 3·9 1 3.95 9!12 Subsample 1 15·97 10.81 727 u.55 8.32 72 7 3.4-2 3.38 727 
Subsample 2 22.87 12.99 92 4 18.12 9·?7 924 4.76 3.96 9:-.i4 Subsample.2 14.32 10.35 656 11.32 8.12 656 3.00 3.05 656 
Subsample 3 21.09 12.92 7.10 16.70 g.68 710 4.39 3.88 710 Subsarnple 3 15.56 11.,~8 737 l:',1 .14 8.89 737 3·41 3.36 737 
Subsample 4 20.76 13,05 89!1 16.75 9·92 893 4.01 3.'76 893 Subsample 4 15.20 10.73 708 12.07 8.30 708 3.12 3.27 708 
Average 20.96 13,23 862 16.69 9.98 862 4·27 3.89 862 Average 15.26 10.83 707 1!2.02 8.41 7°7 '.3-24 3.26 7°7 

nEJB{ANY UNITE.D STATES 

Subsample 1 23-95 11.67 I ll9 18.72 8 .94 1119 5.24 3-43 1119 Subsample 1 17.42 13·49 1622 14.2e> 10.42 1622 3.22 3.80 16!12 

Subsarnple 2 23.22 Hz.76 1119 17.64 9·52 1119 5.58 3-78 1119 ubsample 2 19.14 12.90 1639 1.:.i•35 9.93 1639 3.79 3.73 1639 
Subsample 3 27.80 10.98 1119 21.88 8.13 ,ug 5.92 3.73 1119 Subsample 3 18.23 12.98 1662 14.69 10.09 1662 3,54 3.64 166~ 

Subsample 4 26.85 11.11 1119 20,69 8.59 1119 6.16 3,43 1119 Subsample 4 16,61 13,89 1621 13-53 10.66 16111 3,07 3.92 1621 

Average .25.45 11.70 1119 19.73 8.80 1119 5,72 3-59 I I 19 Average 17.85 13.32 6544 14·44 10.28 6544 '.H,O 3,77 6544 
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Table A.7. Means, standard deviations and N'sfor l!)l.(1/ matlumalic.r .rcort, luwer menial 
pro,ess (l.,id highur mental proe4ss by S11b-sample. 

(Population. ta) Table A.7. (Contim,id.) 

T ta! math. score 
Lower mental 
pro e.ss score 

Higher mental 
pmcess seore Total math s,ore 

Lower mental 
process store 

Higher mcutal 
process score 

Counlry M s.o. N M S,D , N M S.D. Oounlry M s.t>. N M s.o, N M S.D, N 

Al'STRALIA 

Subsample 1 
Subsarnple 2 

ubsample 3 
Subsan'.lple 4 
Average 

20.37 
19·33 
22.21 
18.82 
ll0, 18 

14 60 
13.48 
14.31 
13.65 
14.01 

729 

729 
729 
729 

72 9 

16.07 

15.56 
1 7•59 
15.04 
16.06 

t1.34 
10.59 
11.05 
10.65 
10.09 

729 
729 
729 
729 
729 

4.30 
3.78 
4.62 

3.77 
4.12 

3.97 
3.69 
4 ,03 
3.76 
3.86 

729 
729 

729 
729 
729 

JAP~ 
Subsample J 

Subsample 2 
Subsample 3 
Sul»ample4 
Average 

32,38 
31.28 
31.11 
29.87 
31.16 

17.00 
16.92 
16.73 
16,94 
16.90 

512 

513 
512 
512 
512 

25.52 
24.04 

24.54 
23.68 

24·54 

12.56 

12.54 
12.33 
12.51 
12.48 

512 

513 
512 
512 
512 

6.86 

6.87 
6.57 
6.19 
6.62 

5.07 
5.02 

4.98 
5.07 
5.03 

512 

513 
512 
512 

5 12 

BELGIUM 

Subsample 1 
Subsample 2 
Subsample 3 
Subsample4 

vcragc 

23.67 
28.53 

3o.94-
27.82 

27·74 

14.11 
14.82 

15.15 
15·99 
15.02 

387 

433 
433 
433 
422 

19.04 
22.34 
24.41 
21.58 
21.8,} 

11.02 
11.16 

11.70 
12.05 
11 .48 

387 

433 
433 
433 
422 

4.63 
6.19 
6.52 
6.-:.5 
5.9o 

3.92 

4-34 
4.16 
4.6-:. 
4.26 

387 

433 
433 
433 
422 

SCOTLAND 

Subsample 1 

Subsamplc 2 
Subsample 3 
Subsampl .. 
Average 

20.58 
20.17 
18.03 

17-43 
l0.05 

14.So 
15.88 

14.90 
13.00 
14.64 

1326 

1323 
1323 
11184 

1314 

15·99 
15•73 
14.11 
13.72 
14.88 

11.40 
12.35 
11.69 
10.40 
11.46 

1326 

1323 
1323 
1284 
13 14 

4.59 
4-44 
3·93 
3 ·7 1 
4.17 

3-99 
4.r8 
3.89 

3.37 
3.86 

1326 

1323 
1323 
1284 
1314 

!':NG.LAND 

Subsample 1 
Subsample 2 

ubsample 3 
Subsample 4 
Average 

n~LAND 

Subsample 1 

Subsample 2 

Subsample 3 
Subsample 4 
Average 

33.02 
1.3.88 
15.10 

19.19 
19.31 

24.55 
23.24 
24.30 
24,16 
24,06 

15.89 
12.47 
u.23 

17•53 
16.97 

10.07 
9.16 
9.67 

10.52 

9.85 

736 
776 

750 
750 
753 

187 
187 
187 
187 
187 

25.00 
10.51 
l f.0'.3 

14·77 
14·79 

18.21 

17.85 
18.40 
17.89 
18.09 

12.14 
9. , 3 
8.77 

13.G, 

13.17 

7·17 

7'17 
7.39 
7.74 
7.36 

736 
776 

75° 
750 

753 

187 
187 
187 
187 
187 

8.02 

3.78 
4.o7 

4-43 
4.53 

6.34 

5.39 

5-9° 
6.28 

5.98 

4.55 
3.80 

3.o9 
4.53 
4.42 

3.75 
2.91 
2.96 

3.43 
.3.86 

736 
776 

750 
750 

753 

187 
187 
187 
187 
187 

SWEOl!.1'! 

Subsample 1 
Subsample2 
Subsample 3 
Subsample4 
Average 

UNITllO STATES 

Subsample 1 
Subsample 2 
Subsample g 
Subsample 4 
Average 

16.30 
15.21 
15.63 
15.66 
15.70 

16.81 
18.00 
17.00 
15.62 
16.15 

10.94 
10.07 
11.64 
10.60 
10.81 

12.73 
1,z.85 
12.63 
12.49 
1 3·34 

658 

595 
663 

637 
638 

1540 
1566 
1582 

1543 
1558 

12.81 
12.08 
12.18 

12-49 
12.39 

4.33 
5-48 
8.20 
5.11 

13.06 

8.39 

7-93 
9.03 
8.22 

8.39 

6.14 
10.38 

5· 19 
10.47 
10.36 

658 

595 
663 

637 
638 

1540 
1566 
1582 

1543 
1558 

3.49 

3 ·13 
3-44-
3.17 
3.31 

1.83 
5.30 
2 ·93 
.25 

3.09 

3-43 
2.99 

3.39 
3.23 
3.26 

4.02 
3.76 

:.H3 
9-78 
3.72 

658 

595 
663 

637 
638 

1540 
1566 
1582 
1543 
1.558 

FRANCE 

$ubsample I 
ubsample 2 

Subsample 3 
ubsample 4 

Avernge 

13.96 
22.02 

19.69 
17.61 

18.32 

10.40 
13.60 
r.3 .18 
12.30 

12.37 

589 
662 

523 
636 
602 

11.31 

17•39 
15•47 
14,32 
14.62 

8.28 
10.30 

9.83 

9·41 

9.45 

589 
662 

523 
636 
602 

2.64 
4.62 
4,22 

3.29 
3.70 

2.84 

4.05 
3.90 

3.57 
3.59 

589 
662 

52 3 
636 
602 

HOLLAND 

Subsample 1 
ubsample 2 

Subsample 3 
ubsn.mple 4 

Avcr-.1ge 

24.59 
24.18 
22.72 

23.98 
23.86 

15.62 
18.36 
14.22 
15.46 

15.91 

J07 
107 
107 
107 

107 

18.95 
18.53 
17.48 
18.45 
18.35 

J 1.70 

13•73 
10.82 

11 ,65 

11.98 

107 
107 
107 
107 
107 

5.64 
5.65 
5.24 

5.53 
5.52 

4.35 
5,01 

3.90 

4.43 

4·42 

107 
107 
107 

107 

107 
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