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Foreword 

To meet increasing global competition, Canada's quest for productivity im 
provement must focus on technological advance and the skill needs of the 
knowledge economy. Education and training will thus be a cornerstone of 
any long-run strategy for economic development. Accordingly, the Economic 
Council of Canada has decided to undertake a study of this complex and 
controversial field which will be completed in late 1991. The broad frame 
work of analysis will consider a variety of topics concerned with quality and 
the efficiency of resource allocation in the education and training system. 

One specific question that has attracted considerable public attention has 
to do with the performance of Canadian students relative to their counter 
parts in other countries. The present working paper by David Robitaille of 
the University of British Columbia, examines attainment in mathematics, and 
a companion working paper by Robert Crocker of Memorial University, en 
titled "Science achievement in Canadian schools: National and international 
comparisons," does the same for achievement in science subjects. The au 
thors interpret the international comparisons from a Canadian standpoint, ex 
tract the main conclusions, and indicate the relevant policy implications. 

Judith Maxwell 
Chairman 

vii 



Introduction 

For the past several years, a great deal of interest has been shown in the re 
sults of comparative analyses of the outputs of educational systems. For ex 
ample, the September 18, 1989 issue of Time included an article discussing 
the results of an international, comparative study of 13-year olds' achieve 
ment in science and mathematics. As is frequently the case with such articles, 
the authors described the current situation in the United States vis-à-vis the 
teaching of science and mathematics in highly charged language, using terms 
such as "crisis," "antiquated curricula," and threats to "American suprem 
acy." 

International comparisons of the outcomes of schooling are a fairly recent 
development in the field of educational research, and such studies have been 
criticized by some. Critics have charged that such research is fundamentally 
flawed because it seeks, in the words of Torsten Husén, the noted Swedish 
educational researcher, "to compare the incomparable." The outcomes of 
schooling are many faceted and the result of the interaction of a host of fac 
tors, most of which are beyond the control of the school, are not readily ame 
nable to codification and quantification as required in current research para 
digms. 

Proponents of international comparisons of educational outcomes would 
assert that the benefits to be derived from such analyses are significant, and 
that the information to be obtained from them is important enough to justify 
their being conducted. International comparisons of educational programs, 
practices, and outcomes assist each participating educational system to view 
itself in a wider context, and to see what alternative arrangements are possible. 
While carefully controlled experiments to compare the efficacy of different 
curricula, teaching practices, or administrative arrangements for education 
may be prohibitively expensive, time consuming, or have unpredictable effects 
on the educational careers of the students involved, comparative research offers 
a means of obtaining the needed information in a straightforward manner. 
Such studies use the world as an educational laboratory with built-in variation 
between and among systems on virtually every variable of educational 
significance. 

The first international study of the outcomes of schooling was carried out 
in the mid-1960s, by a then newly established consortium of educational 
research centres known as the International Association for the Evaluation of 
Educational Achievement (now simply, IEA). In the ensuing almost 35 years, 
IEA has conducted a number of major surveys of educational practices and 
outcomes. In addition to the first mathematics survey [Husén, 1967], these 
have included the Six-Subject Survey [peaker, 1975], the Second International 
Mathematics Study [Robitaille and Garden, 1989], the Written Composition 
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Study [Gorman, et al., 1988], the Classroom Environment Study [Ryan and 
Anderson, 1984], and the Second International Science Study [lEA, 1988]. 

At its 1989 meeting in August, the General Assembly of lEA approved a 
proposal to conduct a third study of mathematics during the 1993-94 school 
year and about 30 member institutions have indicated interest in participat 
ing in that project. The International Coordinating Centre for the third mathe 
matics study is to be located in the Faculty of Education at the University of 
British Columbia, under the direction of the author. 

Rationale for an International Study 
of Mathematics 

Educational systems throughout the world place a great deal of importance 
on the teaching and learning of mathematics, and they annually allocate sig 
nificant levels of resources to maintaining and improving their efficiency and 
effectiveness. Mathematics is seen as contributing to the overall intellectual 
development of students, as preparing them 10 function as well-informed citi 
zens in contemporary society, and as providing students with the background 
and skills needed for success in the fields of commerce, industry, technol 
ogy, and science. 

Throughout the world, the study of mathematics occupies a central place 
in the school curriculum. It is estimated that, in most countries, between 12 
and 15 per cent of class time is devoted 10 the study of mathematics. The 
only other subjects allocated as much time are those associated with the mother 
tongue and reading. The report of the Cockroft Committee [1982], Mathe 
matics Counts, in the United Kingdom says the following about the special 
role of mathematics in the curriculum: 

An important reason for teaching mathematics must be its importance and use 
fulness in so many other fields. It is fundamental to the study of the physical 
sciences and of engineering of all kinds. It is increasingly used in medicine and 
in the biological sciences, in geography and economics, in business and man 
agement studies. It is essential to the operations of industry and commerce both 
in the office and workshop. 

Beyond these practical considerations, it is generally believed that mathe 
matics provides an exemplar of precise, abstract, and elegant thought. And, 
whereas the generalized effects of mathematical studies on a student's over 
all intellectual development are difficult 10 analyze, let alone measure, there 
is a universally held belief that the study of mathematics helps to broaden 
and hone intellectual capabilities. 
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Conceptualization of the Study 

The Second International Mathematics Study had three major foci: the 
mathematics curriculum, the ways in which mathematics was taught, and the 
eventual outcomes of the instructional process as demonstrated by the achieve 
ment and attitudes of students. The study was therefore conceptualized as an 
examination of the mathematics curriculum at three levels: the intended cur 
riculum as laid down by national or system level authorities; the implemented 
curriculum as interpreted and operationalized by teachers for their own stu 
dents; and the attained curriculum which represents that part of the intended 
curriculum actually learned by students as manifested in their attitudes and 
achievement. This conceptualization is summarized in Figure 1. 

Figure 1 

Framework for the Second International Mathematics Study 

Component Level or Focus 

I Curriculum Intended Education 
analysis curriculum system 

t 
II Classroom Implemented School and 

processes curriculum classroom 

t 
III Student Attained Student 

outcomes curriculum 

Participation in the Study 

lEA is a consortium of research centres which have formed an association 
for the purpose of carrying out comparative studies of education, usually sur 
veys of educational outcomes and teaching practices. lEA currently has about 
50 members, including institutions from a wide variety of industrialized coun 
tries, two socialist countries, and several developing countries. Each institu 
tion is free to participate in whichever lEA projects it chooses, and this has 
the effect of limiting the representativeness of the participants. Although in 
stitutions from over 20 countries participated in the Second International 
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Mathematics Study, they cannot be considered as either a representative or a 
random sample of educational systems throughout the world. 

Canadian participation in lEA is complicated by the fact that there is no 
national institution with a mandate to carry out research in education at the 
national level. Other countries in which governance of education is situated 
at the state or provincial level- for example, Australia and the United States 
- have established institutions or ad hoc arrangements for facilitating partici 
pation in such projects on a national basis. The Council of Ministers of Edu 
cation of Canada could conceivably play such a role if it desired to do so, but 
this has not happened thus far. 

At the present time, institutions in the provinces of British Columbia, 
Ontario, and Quebec hold memberships in lEA. In the case of British 
Columbia, the membership is held by the B.C. Ministry of Education. In the 
other two provinces, the memberships reside in one of the provincial 
universities: the Ontario Institute for Studies in Education is the member 
institution for Ontario, and the Faculté des sciences de l' éducation at the 
Université du Québec à Montréal, for Quebec. 

British Columbia and Ontario participated in the mathematics study. Que 
bec did not, since it did not belong to the organization at the time. It is hoped 
it will be possible to organize Canada-wide participation in the third lEA 
mathematics study in such a way that each province will be able to produce a 
report of the performance of its own students, but Canada-wide results will 
be available for the international reports of the project 

The following is a list of the jurisdictions which were involved in some or 
all aspects of the Second International Mathematics Study: 

Australia 
Belgium (Flemish) 
Belgium (French) 
Canada (British Columbia) 
Canada (Ontario) 
Chile 
England and Wales 
Finland 
France 
Hong Kong 
Hungary 
Ireland 

Israel 
Japan 
Luxembourg 
Netherlands 
New Zealand 
Nigeria 
Scotland 
Swaziland 
Sweden 
Thailand 
United States 

The list of participants includes a number of countries of particular interest 
to Canadians because of the similarity of their educational systems or cul- 
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tural traditions to ours, their importance to Canada politically or economi 
cally, or their reputation for educational excellence. In order to make the 
analyses and interpretation of the results more comprehensible and, it is hoped, 
more useful, the discussion in this paper has been limited to a subset of the 
participants who have been deemed to fit one or more of those criteria. That 
subset includes, in addition to the two "Canadas" (British Columbia and 
Ontario), the following: England and Wales, France, Japan, New Zealand, 
Sweden, and the United States. 

Methodology 

This section includes brief descriptions of the sampling techniques which 
were employed in constructing the national samples for the study, as well as 
of the instruments which were developed for use in the study. More detail is 
available in the international reports. 

Sampling 

Two populations of students were identified as subjects for the study, and 
they were identified as Population A and B. The international definitions of 
the two populations were as follows: 

Population A: All students in the grade (year level) where the majority of 
students have attained the age of 13.00 to 13.11 years by the 
middle of the school year. 

Population B: All students who are in the normally accepted terminal grade 
of the secondary education system, and who are studying 
mathematics as a substantial part of their academic program. 

These populations were selected to correspond to important break points 
in most of the participating educational systems. At age 13, in almost all of 
the participating countries, virtually the entire age cohort of students is still 
in school and studying mathematics. Some streaming or tracking of students 
into different programs on the basis of their academic record, future plans, or 
some estimate of their academic ability may have occurred, but that kind of 
differentiation is not practiced universally at this level. For example, all stu 
dents at the Population A level in France and Japan follow essentially the 
same program. Quite the reverse is true in the United States where Popula 
tion A students are sorted into four quite distinct mathematics programs: al 
gebra, enriched, regular, and remedial. 

Sampling procedures were designed with two main purposes in mind. First, 
samples had to be selected so as to allow population parameters to be estimated 
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to a reasonable degree of precision. Second, samples had to be chosen in such 
a way as to enable cross-national comparison of those population parameters 
to be made, given the appropriate background information. Consistent with 
lEA practice in all of its surveys, an International Sampling Referee was 
appointed to oversee the sampling process and to ensure that the desired degree 
of comparability was achieved. Details regarding the sampling strategy 
employed in each participating jurisdiction are given in Garden [1987]. 

Survey Methodology and Instrumentation 

The Second International Mathematics Study, like other lEA projects, 
employed standard survey techniques for data collection. All of the question 
naires, tests, opinionaires, and attitude scales were developed by specialists 
from the participating countries especially for use in the study. The data were 
collected during the 1981-82 school year, except in British Columbia and 
Japan where data collection occurred during the previous year. 

A number of participating jurisdictions wished to use the study as an 
opportunity to examine the nature and importance of linkages between the 
teaching practices employed by teachers and the attitudes and achievement 
of their students. This interest was not shared equally in all jurisdictions and 
led to the partitioning of the project into two sub-studies: the cross-sectional 
study and the longitudinal study. In the longitudinal study, students were 
administered tests and questionnaires at both the beginning and the end of 
the school year. In addition, the teachers of those students were asked to 
complete a number of highly detailed questionnaires during the school year 
concerning the teaching practices they employed in their teaching of a number 
of specific topics. Students and teachers in the cross-sectional study completed 
tests and questionnaires only once, at the end of the school year. 

Data sources for the study included the following: 

1. Case-study questionnaires completed in each National Centre to provide 
system-level background information. These included ratings of the suitabil 
ity or appropriateness of each test item utilized in the study for students in 
that system. 

2. Questionnaires completed by school officials concerning characteristics 
of their schools, teachers, the mathematics curriculum offered in their schools, 
as well as school and departmental policies which might affect the teaching 
of mathematics. 

3. Questionnaires completed by teachers to provide background informa 
tion about their experience, training, qualifications, beliefs, and attitudes. In 
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the longitudinal study, there were additional questionnaires to provide infor 
mation about teaching practices, beliefs about effective teaching, and the 
specific techniques which teachers used in the teaching of a number of spe 
cific topics. 

4. Judgments by teachers whether or not the mathematical content needed 
to respond to each item on the achievement tests had been taught to their 
students during that year, in a previous year, or not at all. This is referred to, 
in lEA parlance, as Opportunity to Learn data. 

5. Questionnaires to be completed by students to obtain information about 
variables such as parents' educational backgrounds and occupations, time 
spent on homework, and their attitudes and beliefs about mathematics. 

The Second International Mathematics Study produced an enormous amount 
of data and a great many results. In this section of the paper, some of the 
more important of those results are discussed. When considering the impli 
cations of the fmdings, it is important to bear in mind that the data were col 
lected several years ago and that, in each of the participating jurisdictions, 
changes which might well affect some of the findings may already have been 
introduced. For example, since the study was carried out, British Columbia 
has acted upon the findings of the recent Royal Commission of Inquiry into 
Education [Sullivan, 1988] and completely revamped the structure and con 
tent of the K-12 curriculum along the lines described in the research report 
on the curriculum prepared for that Royal Commission [Robitaille, et al., 
1988]. 

6. Achievement tests taken by students at the end of the school year. In the 
longitudinal study, these tests were administered as pretests al the beginning 
of the school year as well. 

Findings at the School and 
System Level 

Population A 

Some descriptive statistics about Population A are summarized in Table 1. 
While these results show more similarities among these Population A systems 
than differences, some of those differences are rather interesting. Japanese 
students attend school six days per week for a total of over 240 days, and this 
is significantly greater than the total in any other participating jurisdiction. 
Student/teacher ratios in Japan and Ontario are higher than in other places, 
frequently by more than 25 per cent In the case of Ontario, this is related to 
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Table 1 

Structure or Population A 

Student/ 
Schooldays Class time teacher Class size 
per year for math ratio (s.d.) (s.d.) 

(per cent) 
Canada (British Columbia) 195 15 16 (3) 27 (5) 
Canada (Ontario) 186 15 21 (3) 29 (5) 
England and Wales 192 13 17 (3) 25 (8) 
France 185 12 16 (4) 24 (3) 
Japan 243 13 22 (5) 39 (6) 
New Zealand 190 14 19 (2) 28 (4) 
Sweden 180 12 12 (2) 20 (6) 
United States 180 14 15 (8) 26 (7) 

the fact that Population A classes are located in elementary schools. The large 
standard deviation for the United States on this variable likely stems from 
the fact that, in that country, there are several different kinds of administrative 
arrangements. 

In some jurisdictions, Grade 8 classes are in junior high schools. In others, 
they are in middle schools and, in some cases, in elementary schools. In gen 
eral, student/teacher ratios are lower in secondary schools than in elementary 
schools because the former typically have specialist teachers such as librar 
ians and counsellors on their staffs, and they are included in the calculation 
of the student/teacher ratio. 

Median class size varies between 25 and 29 students in most places at this 
grade level. Swedish classes are much smaller than those elsewhere; Japanese 
classes, much larger. In fact, the median size of a Japanese Population A class 
is almost twice that of a Swedish one. 

In British Columbia and Ontario, as well as in the United States and a 
number of other places, Population A corresponds to the Grade 8 level. In 
British Columbia and many other places, Grade 8 is part of the secondary 
school system. In Ontario, however, Grade 8 is normally the last year of ele 
mentary school. One implication of this is that fewer teachers at the Popula 
tion A level in Ontario are specialists than is the case in systems where Popu 
lation A is part of the secondary school system. While secondary schools tend 
to have a departmentalized structure, elementary schools do not, and almost 
all teachers at that level are expected to teach mathematics. 

Some descriptive information about Population A teachers in the selected 
jurisdictions is summarized in Table 2. The results show that the average age 
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Table 2 

Descriptive Data for Population A Teachers 

Mean age of Years of 
teachers Fully experience Weekly 
(s.d.) qualified (s.d.) teaching 

(Per cent) (Hours) 

Canada (British Columbia) 39 ( 9) 59 14 ( 9) 21 (3) 
Canada (Ontario) 37 ( 7) 4 15 ( 8) 21 (7) 
England and Wales 38 (10) 62 12 ( 9) 19 (4) 
France 38 ( 8) 29 14 ( 8) 18 (3) 
Japan 37 (10) 91 17 (11) 17 (3) 
New Zealand 36 (10) 56 10 ( 9) 19 (4) 
Sweden 38 ( 9) 74 12 ( 9) 16 (3) 
United States 39 (10) 63 14 ( 8) 21 (6) 

and number of years of teaching experience of the participating teachers are 
highly comparable across countries. It is also worth noting that teachers in 
Canada and the United States teach more hours per week than their colleagues 
elsewhere. In some cases, the differences amount to an hour per day. 

The most dramatic between-system differences are evident in the per cent 
of the Population A teaching force categorized as "fully qualified" to teach 
mathematics at that level. Principals or department heads supplied this infor 
mation in response to a questionnaire item which asked them to indicate what 
per cent of their teachers of Population A were "fully qualified" to teach 
mathematics at that level. The expression "fully qualified" was not defined. 

At one extreme is Japan where principals report that virtually all of their 
Population A mathematics teachers are fully qualified. In most of the remain 
ing places, over 40 per cent of Population A mathematics teachers are judged 
to be less than fully qualified. British Columbia and Ontario report among 
the highest percentages of less than fully qualified teachers at the Population 
A level. 

In Ontario, virtually none of the teachers are seen as fully qualified; this is 
not surprising given the fact that Grade 8 is normally part of the elementary 
school system in that province. Elementary school teachers are generalists 
who are expected to teach all, or almost all, subjects to their class. Few ele 
mentary schools would be likely to have a mathematics specialist as a mem 
ber of the teaching staff. 

In British Columbia, these results indicate that slightly more than 40 per 
cent of Population A mathematics teachers are less than fully qualified to 
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teach mathematics at that level. Similar findings have been reported in other 
studies of mathematics at the provincial level over the past 12 years, and 
concern has been expressed in each case. No remedial action appears to have 
been undertaken. 

Many of the less than fully qualified teachers would be teachers of other 
subjects - such as science, social studies, or physical education - who have 
been assigned a class or two of Grade 8 mathematics in order to complete a 
teaching load. There is a widespread, if unsubstantiated, belief that almost 
anyone can teach mathematics at this level. 

Population B 

The structure and composition of Population B are much more complex 
than those of Population A. In almost every country, students who are still in 
school at the senior level have been partitioned into a variety of more or less 
specialized courses and programs. In addition, there are much greater differ 
ences in curricula at this level. In most European countries, for example, 
Population B students take a full year of calculus. This is much less likely to 
be the case in either Canada or the United States. 

The existence of such fundamental differences in the makeup of Popula 
tion B and in the content of the curriculum, makes any comparison of the 
outcomes attained by students highly problematic. The Population B study 
might best be viewed as a series of parallel replications of the study, replica 
tions designed to produce a set of descriptions of what can be done at that 
level. Whether or not any particular alternative is superior to all of the others, 
depends on a set of educational, political, and economic choices which would 
have to be made first 

The age and grade level composition of Population B varies considerably 
from jurisdiction to jurisdiction, as does the proportion of students retained 
in school and studying "academic" mathematics. In British Columbia, where 
there is essentially only one academic mathematics course at the Grade 12 
level, a large proportion of the grade cohort has been retained in Population B. 
In England, on the other hand, Population B was defmed to include only those 
students studying mathematics in the second year of the sixth form at either 
the General Certificate of Education (G.C.E.), the Advanced (A-level), or the 
Scholarship level. 

At the time of data collection for the Second International Mathematics 
Study, Ontario had two grade levels which might have been used for Popula 
tion B: Grade 12 or Grade 13. For international purposes, it was decided to 
use Grade 13 students who were taking two mathematics courses, including 
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calculus. However, a parallel sample of Grade 12 classes was also selected, 
and this provides data on a set of students who are largely comparable to the 
Population B samples in the United States and British Columbia. 

Some information on the makeup of Population B in the parùcipating sys 
tems is given in Table 3. France did not parùcipate in the Population B study, 
and has therefore not been included in this analysis. 

Table 3 

Retention Rates: Population B 

Age cohort 
in school Grade group Age group 

(Per cent) 
Canada (British Columbia) 82 38 30 
Canada (Ontario 12) 74 41 30 
Canada (Ontario 13) 33 55 19 
England and Wales 17 35 6 
Japan 92 13 12 
New Zealand 17 67 11 
Sweden 24 50 12 
United States 82 15 12 

An example will help clarify the meaning of the data in the table. The entry 
for British Columbia indicates that 82 per cent of the age cohort of eligible 
persons is still in school at the Grade 12 level. Of that number, 38 per cent 
are taking sufficient mathematics to be included in the Population B definition 
for British Columbia. These two pieces of data are combined in the third 
column to indicate that 30 per cent of the Population B age group in British 
Columbia is studying Population B mathematics, the same percentage as in 
Ontario. 

Extremely large between-system differences are depicted in this table. By 
combining high retention rates in school with high parùcipation rates in senior 
mathematics, Ontario and British Columbia produce comparatively high yield. 
England and New Zealand have very low retention rates which result, espe 
cially in the case of England, in correspondingly low yield. 

The complete picture is even more complex than these results may sug 
gest In parùcular, the per cent of students studying any mathematics at the 
Population B grade level in most countries is probably higher than that indi 
cated in Table 3. For example, the parùcipation rates for Grade 13 in Ontario 
are based only on those students who were taking at least two Grade 13 mathe 
matics courses. Many others were likely taking one Grade 13 course, but that 
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information is not available. In other countries, there might be a variety of 
mathematics courses available to students, depending upon their career 
choices. Only those students who met the definition of Population B adopted 
in their country have been accounted for in these results. 

Several interesting results are portrayed in Table 3. In Japan, 92 per cent 
of the age group is still in school in the last year of the secondary program: 
that is to say, only 8 per cent of students have left school. In British Columbia 
and the United States, slightly more than 80 per cent of the age group is still 
in school, but this means a drop-out rate of almost 20 per cent. The drop-out 
rate in Ontario is somewhat higher. England and New Zealand represent the 
opposite extreme, retaining less than 20 per cent of the age group in school 
until the completion of secondary school. 

Table 4 contains additional background data on Population B, similar to 
that reported earlier for Population A. 

Table 4 

Structure of Population B 

Student! 
Schooldays Class time teacher Class size 

per year for math ratio (s.d.) (s.d.) 

(Per cent) 

Canada (British Columbia) 195 19 18 (2) 23 ( 8) 
Canada (Ontario) 186 14 18 (2) 25 ( 7) 
England and Wales 192 21 17 (3) 10 ( 5) 
Japan 243 20 19 (6) 40 ( 9) 
New Zealand 190 16 19 (6) 16 ( 5) 
Sweden 180 17 13 (2) 22 ( 5) 
United States 180 14 19 (5) 22 (10) 

Once again, large between-system differences are evident. Japan has the 
largest class sizes, although they also have a fairly large range of different 
class sizes, as indicated by the large standard deviation. Classes at this level 
in England and Wales tend to be very small, with a median of only 10 and a 
standard deviation of 5. Class sizes in the three North American jurisdictions 
are all very much the same, in the low to mid-twenties. 

Table 5 provides information on several variables concerning Population B 
teachers in the selected jurisdictions. Mathematics teachers at this level are 
experienced, and somewhat older than meir Population A counterparts. The 
percentages of teachers who were considered to be fully qualified are higher 
at this level, but those from the two Canadian provinces are among me lowest 
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Table 5 

Descriptive Data for Population B Teachers 

Mean age Years of 
of teachers Fully experience Weekly 

(s.d.) qualified (s.d.) teaching Male 

(Per cent) (Hours) (Per cent) 
Canada 
(British Columbia) 42 ( 9) 68 17 (8) 21 (4) 96 

Canada (Ontario) 41 ( 9) 81 16 (8) 19 (5) 79 
England and Wales 38 ( 9) 66 14 (9) 19 (4) 65 
Japan 41 (10) 97 17 (9) 14 (2) 92 
New Zealand 37 ( 9) _I 13 (8) 20 (3) 76 
Sweden 45 ( 7) 94 18 (8) 14 (3) 80 
United States 41 ( 9) 92 17 (8) 20 (6) 51 

"Data not available. 

Canadian teachers have among the heaviest teaching loads in terms of hours 
of teaching per week. When this finding is combined with the previously 
reported one to the effect that Canadian class sizes are also among the largest 
within this set of jurisdictions, it appears that Canadian mathematics teachers 
have rather heavy workloads. 

Findings at the Classroom 
or Teacher Level 

Several of the instruments developed for use in the study were designed to 
collect information from teachers about a number of different aspects of what 
goes on in classrooms where mathematics is being taught Some of these 
questionnaires dealt with general topics, such as academic and professional 
qualifications of teachers, years of teaching experience, and their objectives 
for the teaching of mathematics. Others were designed to obtain highly de 
tailed information from teachers about how they approached the teaching of 
specific topics. 

All of these instruments were completed by teachers at the Population A 
level in the eight jurisdictions which participated in the longitudinal phase of 
the study, including those in the two Canadian provinces and the United States. 
The corresponding questionnaires at the Population B level were utilized only 
in the United States and Canada, and few analyses of the data from those 
instruments has been carried out Accordingly, in the remainder of this sec 
tion, attention is focussed on findings at the classroom level for Population A 
only. 
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Orientation towards Teaching 

More than one third of all participating Population A teachers reported that 
the majority of class time was taken up with the whole class working together 
as a group, either listening to the teacher or participating in discussions. 
Teachers of mathematics also said that they spent little time in small-group 
instruction. 

Sixty per cent of all teachers reported that they teach all students the same 
content, and at the same pace. In other words, little attention is paid to indi 
vidual differences between students at this level. Given a choice, teachers 
said they were more likely to vary the pace at which material was presented 
rather than to adapt the content itself. 

A number of previous studies of the teaching practices employed by teachers 
of mathematics have concluded that the teaching of mathematics is largely a 
teacher-directed, "chalk and talk" affair. The findings from the Second Interna 
tional Mathematics Study add further confirmation. Teachers usually agreed 
with questionnaire items which stressed the importance of me active involve 
ment of students in me learning process and me efficacy of using manipulative 
devices in me development of concepts and skills; however, mey indicated 
elsewhere that mey rarely put these opinions into practice in meir day-to-day 
teaching. 

The reasons for this lack of congruence between teachers' opinions about 
teaching and me actual teaching practices mey employ are unclear. It may be 
that they find themselves so pressed for time to complete me prescribed cur 
riculum and carrying such heavy teaching loads that they decide there is not 
sufficient time available to do what they believe is best. Or perhaps they are 
simply unwilling to do so. 

Causes of Students' Failure 

Teachers were given a list of nine possible causes for lack of satisfactory 
progress by students, and mey were asked to rate me importance of each of 
these. The nine were as follows: 

misbehaviour by me student; 

- lack of ability; 

- indifference or lack of motivation; 

- a debilitating fear of mathematics; 
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- absenteeism; 

- insufficient time allocated in the timetable of the school for mathematics; 

- a lack of proficiency on the part of the teacher, 

- limited availability of resources for teaching; and 

- too many students to handle. 

Teachers rated students' lack of ability and their indifference as the most 
important causes of unsatisfactory progress. In other words, teachers see the 
most important causes of failure to succeed in mathematics as being inherent 
in the students, rather than in the system or in the behavior of the teacher. 
Japanese teachers were the only ones who indicated that their own profes 
sional limitations were likely to be a significant contributing factor in this 
process. Class size and availability of resources for teaching were not seen as 
being significant factors. 

Streaming 

In every school system, some sort of selection process is at work. Almost 
every subject becomes optional at some level in the secondary school sys 
tem, and only those students with a particular interest or ability in that sub 
ject take those courses. In some cases, students and their parents are permit 
ted to exercise some choice over which courses are taken; in others, students 
are directed by teachers and counsellors into certain subjects or sections of 
courses, and effectively barred from entering others. In most Canadian sec 
ondary schools, some combination of both of these approaches is common. 

In the case of mathematics, a student may have several choices, ranging 
from some form of remedial mathematics course, to a course designed for 
students not planning to continue in the study of mathematics or science at 
the post-secondary level, to pre-university academic mathematics courses. The 
decision about which "stream" to follow can have a far-reaching effect on 
the career paths which are left open to students. 

The question of whether or not students should be separated into different 
sections of the same course or into different courses on the basis of some 
measure of ability is highly contentious. [See, for example, Kulik and Kulik, 
1982; Goodlad, 1984; Radwanski, 1987; Robitaille, et al., 1988.] Moreover, 
the decision about which course a particular student will be directed toward 
can have important implications for that student's future. In the United States, 
for example, only a small proportion of students is permitted to study algebra 
during the Population A year [McKnight, et al., 1987]. The rest, the vast 
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majority of students, do so the following year. If the procedures by which 
students are directed into different courses are subject to error, and they are, 
then many students may be unjustly excluded from accelerated or pre 
university courses, to the detriment of their future career choices. 

In spite of the seriousness of such concerns and the lack of confirmatory 
research evidence, teachers in Canada and the United States continue to in 
sist on the necessity for this kind of streaming. British Columbia provided an 
extreme example at the time of the study because over 70 per cent of schools 
reported that they streamed Population A students into different mathematics 
courses even though the official curriculum guide expressly stated that all 
students were expected to follow the same program in mathematics until the 
end of Grade 10. 

Analysis of the achievement results from the Second International 
Mathematics Study demonstrates that it is not necessary to sort 13-year olds 
into different mathematics courses in order for them to achieve at high levels. 
Students in Japan and France did very well on the achievement tests in the 
Second International Mathematics Study, and yet there is apparently no 
streaming of students into different classes or programs at this level in those 
countries. In Japan and France, as well as in Ontario, only a small proportion 
of the total variance in test scores is attributable to difference between schools 
or between classes. Almost all the variance is attributable to differences 
between students. In the United States, on the other hand, more than 50 per 
cent of the variance is attributable to either school-level or classroom-level 
differences, rather than to student-level differences. That is to say, these results 
show that sorting of students into different courses or programs is another 
example of a self-fulfilling prophecy. 

Findings at the Student Level 

When results from studies of this kind are discussed in the news media, 
the focus tends to be on the "horse-race" or "international Olympics" aspects. 
There is a great deal of popular interest in fmding out "Who won?" While 
such interest is understandable, there is a danger that too much attention will 
be focussed on that aspect of international studies, and that what is most valu 
able will be overlooked. 

There is a sense in which the achievement scores are the least important of 
all the results emanating from these studies. We know that students from some 
countries achieve at higher levels than Canadian students do. However, unless 
we can take into account the influence of a number of important variables, 
that information is not very useful. We need to understand that cultural and 
sociological variables have a very significant effect on the way students learn 
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and respond. We also need 10 understand that, while students' achievement 
levels might well be increased by systematically increasing the amount of 
pressure exerted upon them to excel, there are limits beyond which our society 
would not be prepared to go. Perhaps most importantly, we need to understand 
the importance of curriculum as a variable. In other words, what students 
study in school is an important determinant of what they achieve. 

There is also a sense in which the achievement results are of crucial im 
portance. They show us what students can achieve when they are challenged 
to do so, and they show us that different kinds of curricular arrangements are 
possible. We can learn what students are capable of learning and obtain in 
formation which will be useful in planning changes to our curriculum. 

Achievement of Population A Students 

The students who participated in the Second International Mathematics 
Study did not write a mathematics test as that term is usually understood. 
That is, it is not true that all students were asked to respond to exactly the 
same set of items. Instead, a large set of items was developed, and a process 
of matrix sampling was used to assign items to test forms and test forms to 
students. Five test forms were assembled for Population A, and administra 
tion procedures were designed to ensure that there were sufficiently many 
replications of each item in each participating classroom to permit accurate 
estimation of item-level and subtest results at the classroom level. 

The process of item development was carried out in several stages early in 
the study. Based on the results of a preliminary survey of the mathematics 
curriculum in several systems, a content-by-cognitive-behaviour grid was 
developed. The content dimension was partitioned into five topic strands: 
arithmetic, algebra, geometry, descriptive statistics, and measurement. The 
cognitive behaviour dimension was partitioned into four hierarchical catego 
ries: computation, comprehension, application, and analysis. 

The final item pool consisted of 157 items which were used in all partici 
pating countries. These were divided among the five strands as follows: arith 
metic, 46 items; algebra, 30 items; geometry, 39 items; descriptive statistics, 
18 items; and measurement, 24 items. Caution should be exercised in mak 
ing judgments about the implications of students' performance in any of these 
areas without examining the content of the items. That is to say, misleading 
conclusions might be reached about students' performance in, say, algebra 
unless it were clear what topics were actually included under that label. 

Every effort was made to include as many items as possible to make com 
parisons of the achievement test results fair and valid. However, given the 
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substantial differences that exist between systems with regard to the content 
of the mathematics curriculum, it was not possible to construct an absolutely 
"level playing field." Even in those places where me vast majority of me items 
were judged to be appropriate, it may well be that important topics in meir 
curriculum were not included. 

In the discussion that follows, repeated reference is made to Opportunity 
to Learn (OTL). This variable, which is used in all lEA studies, is intended 
to assist in me interpretation of students' performance by indicating what 
proportion of participating teachers said mat mey had either taught or reviewed 
the material students needed to respond correctly to a given item in me cur 
rent school year. In the charts that follow, item-level OTL results have been 
aggregated to the subtest level. 

Overall Performance 

Chart 1 shows the overall performance of students from me eight selected 
systems on all157 items. The mean per cent correct across all participating 
systems and all items is 47 per cent, which suggests mat students found these 
items rather difficult. Students from some systems performed exceptionally 
well on certain items, but these were relatively few and far between. Aver 
age performance exceeds 70 per cent correct on only 16 items - about 10 per 
cent of me total- while 13 items resulted in average scores of less than 25 per 
cent, 

Chart 1 

Overall Performance: Population A 

100% o OTL 

1m Achievement 

Canada Canada England France Japan New Sweden United 
(B.C.) (Ont.) and Zealand States 

Wales 
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Item scores range from a high of 84 per cent correct on an item requiring 
students to estimate the length of a segment in centimetres to a low of 13 per 
cent correct on an item which required students to identify a vector repre 
senting the difference between two given vectors. OTL scores on the latter 
items are very low everywhere, so the poor performance is not surprising. 

Of the 16 easiest items (i.e., the items with the highest mean per cent correct 
scores), five involved primarily the application of a standard computational 
algorithm, such as multiplication or division of whole numbers, fractions, and 
decimals. Three others concerned the use of metric units of measurement; 
and two, the ability to read information from graphs. In general, the items 
which students found easiest were those that required them to recognize a 
definition or rule, or to apply a standard computational technique. 

Of the 13 most difficult items (i.e., those with the lowest average per cent 
correct scores), six were from the geometry subtest, and four of these were 
concerned with transformational geometry in a fairly formal way. Other dif 
ficult items concerned the surface area and volume of a rectangular prism, 
fmding a missing term in a proportion, and the identification and application 
of the distributive and associative properties. 

In general, and with the exception of the transformational geometry items 
which have very low OTL scores, indicating that the content was not taught, 
the more difficult items required students to read more text or to solve a prob 
lem which involved more than a routine application of a standard technique 
or algorithm. For example, two apparently similar items concerning the topic 
of circle graphs resulted in significantly different performance levels. On one, 
students were asked to read information from a circle graph, and 79 per cent 
selected the correct answer. On the second item, students were asked to find 
the size of the central angle required to represent a certain amount on a circle 
graph. The average Score on that item is only 22 per cent correct. 

The average performance of Grade 8 students in British Columbia was 
superior to that of students in Ontario, but not markedly so. Both groups of 
Canadian students performed better than students from the United States, but 
whether this would have been the case if aU of Canada had been represented 
in the study is not possible to say. 

Performance on Specific Topics 

Thé Population A item pool was partitioned among five subtests or strands, 
representing major foci of the mathematics curriculum at this level. The five 
were arithmetic, algebra, geometry, descriptive statistics, and measurement. 
A summary of students' performance on each of those subtests and the 
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corresponding Opportunity-to-Learn data are presented in Chart 2 on the 
following page. 

Arithmetic - The 01L results show that, on the whole, the items on the 
arithmetic subtest dealt with content which the teachers had either taught as 
new material or reviewed. Almost all of the 01L scores are greater than 75 per 
cent In both British Columbia and Ontario, the 01L rating for arithmetic is 
87 per cent. 

The items on this subtest dealt with a variety of arithmetic topics including 
whole numbers, common and decimal fractions, ratio and proportion, per cent, 
number theory, exponential notation, and square roots. Students from British 
Columbia and Ontario performed relatively well on this set of items, obtain 
ing mean scores of 58 and 54 per cent respectively. 

Algebra - The algebra subtest consisted of 30 items dealing with topics 
such as integers, order of operations, simplification of algebraic expressions, 
evaluation of expressions and formulae, and solution of linear equations and 
inequalities. Students in most places apparently found these items more dif 
ficult, because most of the averages shown in the graph are lower in algebra 
than they are in arithmetic. Algebra is not typically an important part of the 
Grade 8 mathematics curriculum in North America, and the lower scores are 
undoubtedly a reflection of this fact. 

An examination of individual item results reveals rather poor levels of per 
formance in all systems on what appears to be straightforward items. Stu 
dents everywhere had difficulty with many of these items, and it may be the 
case that some of this material is either too difficult or too abstract for stu 
dents of this age. 

Geometry- There were 39 geometry items in the total pool of 157: 25 per 
cent of the total. They dealt with a wide variety of topics including proper 
ties of plane figures, similarity and congruence, the Pythagorean theorem, 
elements of proof, formal and informal transformations, coordinate geome 
try, spatial visualization, and elementary properties of 3-D figures in space. 
This variety of topics demonstrates the lack of consensus that exists between 
countries concerning the appropriate geometric content to be included in the 
mathematics curriculum, as well as the proper status of geometry in that cur 
riculum. 

It was extremely difficult to assemble a group of geometry items which all 
participating jurisdictions agreed were appropriate to their curricula. The 
geometric content which is taught ranges from an intuitive investigation of 
elementary properties of plane figures in some countries, to a very extensive 
range of topics in others. The teaching is based on a traditional approach to 
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Chart 2 
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Euclidean geometry in most places, to an emphasis on geometric transfor 
mations in others. Teaching methods range from highly intuitive to formally 
axiomatic. All of these differences make comparisons of achievement levels 
highly problematic. 

Chart 2 shows that OTL scores are low everywhere, below 60 per cent 
Complicating inter-jurisdictional comparisons is the fact that, whatever the 
set of items considered appropriate to a given jurisdiction, the overlap be 
tween those items and the ones considered appropriate in another, compa 
rable jurisdiction might well be almost empty. 

" 

The lesson to be derived from this is that the geometry curriculum is in 
disarray. For the past 25 years there has been a great deal of discussion about 
what geometric content should or should not be included in the school mathe 
matics curriculum, but little has been agreed upon. Mathematicians urge the 
school system to teach geometry, but they do not practice what they preach. 
Few prospective teachers of secondary mathematics take a geometry course 
as part of their academic training; in many cases, this is a simple reflection 
of the scarcity of such courses at the undergraduate level in North American 
universities where future teachers receive their academic preparation. 

Descriptive Statistics - International and national groups in a number of 
countries interested in the advancement of mathematics education have urged 
teachers to give increased prominence to fundamental ideas from the areas 
of probability and statistics in the mathematics curriculum, beginning with 
the earliest school years. As the OTL figures for this subtest show in Chart 2, 
there is a rather large spread in the degree to which those ideas have become 
part of the mathematics curriculum. In Japan, British Columbia, and England 
and Wales, it appears that many of these topics are included in the mathe 
matics curriculum. This is much less apparent in the other jurisdictions. 

In a few jurisdictions other than those shown here, students' achievement 
scores were actually higher than the corresponding OTL ratings from teachers. 
That is to say, students correctly answered more items than their teachers 
said they should have been able to on the basis of the content which they had 
been taught. This is likely attributable to the fact that students gain experience 
with graphs, charts, and tables in contexts other than their mathematics classes. 
Mathematics teachers are apparently unaware, at least to a degree, of the 
influence of the impact of out-of-mathematics-class experiences on students' 
knowledge, experience, and achievement 

Measurement- The 24 items on the measurement subtest dealt with stu 
dents' knowledge of the basic units of measurement in the SI metric system, 
fmding areas and volumes, and estimation. The graph shows fairly high OTL 
scores for this material almost everywhere, and comparatively high achieve- 
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ment scores as well. Students from mainly English-speaking countries per 
formed much more poorly on items dealing with the metric system than might 
have been expected, and the data show rather clearly that most Canadian stu 
dents still do not "think metric." Indeed, since they live in a milieu in which 
they encounter frequent usage of the imperial system of measurement on a 
daily basis, one wonders whether they are well served by an educational sys 
tem which insists on teaching the metric system only. 

Growth in Students' Achievement 

The eight systems included here, with the exception of England and Wales, 
participated in the longitudinal phase of the Second International Mathemat 
ics Study. This means that students were given a pre-test at the beginning of 
the school year, and a post-test at the end. Both administrations involved the 
same set of items, so it was possible to track students' growth in achieve 
ment over the course of an entire, lO-month school year. An effort was also 
made in the construction of the item pool to include as many items as pos 
sible which, on the basis of the curricular analyses which had been carried 
out earlier in the study, appeared likely to result in significant amounts of 
growth. 

The findings from the analysis of the growth data are not very encouraging. 
Across all participating systems, the median amount of growth on an item is 
about 7 percentage points. That is, on the average item from this set of 157 
items, the difference between students' performance at the beginning and at 
the end of the school year is about 7 percentage points. There are a small 
number of "high growth" items, but these invariably deal with lower level 
cognitive tasks such as computational skills or recognition of terminology. 

Intriguing exceptions to this general trend are apparent in Japan and France. 
In both of these countries, students' performance increased dramatically on a 
number of items dealing with topics that were being taught there for the first 
time during the Population A year. In France, this had to do, for example, 
with items dealing with fractions which were dealt with for the first time at 
that level. In Japan, dramatic levels of growth occurred on some of the alge 
bra items. 

In the three North American systems, on the other hand, high-growth items 
are quite rare. In most cases, the differences between pre-test and post-test 
scores are very small. 

Achievement of Population B Students 

The composition of Population B varied dramatically among the countries 
participating in the study, and it is necessary to exercise caution in making 
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comparisons and drawing conclusions on the basis of these results. At one 
extreme, we have the case of British Columbia, where Population B includes 
30 per cent of the appropriate age cohort and almost 40 per cent of the grade 
cohort At the other extreme, Population B represents only 6 per cent of the 
age cohort in New Zealand as well as in England and Wales. Not only must 
differences in the abilities of the students making up these groups be taken 
into account, but also the fact that the kinds of mathematics courses which 
can be offered 10 a highly select group of students are very different from the 
typical pre-calculus course offered to Grade 12 students in Canada and the 
United States. 

The structure of the item pool for Population B reflected the emphasis ac 
corded 10 the study of calculus at this level in many countries. Of the 136 
items in the pool, 46 dealt more or less specifically with calculus. Needless 
to say, these items dealt with topics beyond the scope of almost all students 
at the Grade 121evel in Canada and the United States. In Ontario, however, 
the international Population B sample was drawn from Grade 13 classes which 
were taking a full calculus course. 

In order 10 provide comparisons of interest within Canada, the analyses in 
this paper include a sample of Grade 12 classes from Ontario, in addition to 
the Grade 12 sample from British Columbia and the Grade 13 sample from 
Ontario. Also included is the performance of the American Population B 
sample which consisted of students in Grade 12 as well. 

. Comparing the performance of Canadian Grade 12 students to that of the 
American Population B students is somewhat unfair, since about 5 per cent 
of those American students were enrolled in an Advanced Placement calculus 
course. Comparisons are also complicated by the fact that British Columbia 
and Ontario both retain a much greater proportion of the age cohort in the 
study of academic mathematics at the Grade 12 level than is the case in the 
United States: 30 per cent in each of the two provinces, versus 12 per cent in 
the United States. 

Overall Performance 

Chart 3 summarizes the achievement results for Population B in the juris 
dictions being discussed in this paper. Also shown in the chart is the OTL in 
formation from teachers as an indicator of the extent 10 which students in 
the systems involved had actually had an opportunity 10 learn the material 
involved as part of their formal mathematics course or courses. No OTL rat 
ings were available for the Ontario Grade 12 sample, and those for the Grade 
13 sample are likely underestimated because of the way that sample was drawn 
and the OTL information collected. 
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Chart 3 
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In the chart, differences in the retention rates of school systems and, hence, 
in the makeup of the Population B cohort, are indicated through the differing 
widths of the bars used to represent each system. Since British Columbia 
retains 30 per cent of the age cohort in Population B, the bar for British 
Columbia is five times as wide as that for England and Wales, where only 
6 per cent of the age cohort is retained. 

Chart 3 illustrates, in rather dramatic fashion, the different patterns of 
achievement which can result from decisions to prefer high retention rates 
over strict selectivity. There is no well-defined measure of mathematical 
"yield" for an educational system, but this chart raises a number of questions 
about what kind of final product a system can expect on the basis of deci 
sions that are made concerning participation in the academic program at the 
secondary school level. 

Performance on Specific Topics 

There were 136 items in the Population B item pool, and these were di 
vided among eight test booklets: 17 items to each form. All of the items were 
presented in multiple-choice format with five alternatives, just as they were 
for Population A. Many of the items were difficult and non-routine, requir 
ing students to use higher order thinking strategies. 

Chart 4 summarizes students' performance on four of the subtests into which 
the Population B items were partitioned. As with the previous chart, the widths 
of the bars are proportional to the mathematics retention rates of the systems 
under consideration. 
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Sets. Relations. and Functions - This subtest dealt with a number of 
concepts which are of fundamental importance to establishing the proper 
conceptual foundations of mathematics at this level. They included Venn 
diagrams. sets, functions, domain, and range. Overall, students performed 
better on this subtest than on any of the others. Grade 12 students from British 
Columbia and Ontario performed at about the same level, and considerably 
lower than students elsewhere. 

Algebra - There were 26 items on the algebra subtest dealing with many 
of the topics traditionally associated with an algebra course at this level. These 
included solving equations of the first and second degree, simplifying rational 
and radical expressions, constructing equations as models of physical-world 
situations, and so on. The international mean on this subtest is 57 per cent, 
and Ontario Grade 13 students performed at approximately that level. The 
average performance of British Columbia Grade 12 students was again supe 
rior to that of Ontario Grade 12 students. but both performed at levels con 
siderably lower than did students elsewhere. 

Geometry -If, as was suggested earlier, it is difficult to identify a com 
mon international core of geometric content for the Population A mathemat 
ics curriculum, it is even more difficult at the Population B level. On the one 
hand, the field is much broader at this more advanced level and, for this study, 
included both analytic geometry and trigonometry. On the other hand, the 
approach taken to the study of geometry in countries such as Belgium and 
France is so unfamiliar to North American teachers and their students, that 
test items based on these approaches might not be recognized as geometric 
items at all. 

The performance of North American students generally on this subtest was 
disappointing, and considerably lower than on the other sub tests discussed 
thus far. 

" 

Elementary Functions and Calculus - Virtually no Grade 12 students in 
British Columbia or Ontario were studying calculus when this study was 
conducted, and this fact helps explain why the performance level on the ele 
mentary functions and calculus subtest in the two provinces was either at or 
below the chance level. In many other countries, including all of the non 
North American ones shown in Chart 4, Population B students take a full 
calculus course equivalent to that offered in many North American universi 
ties. 

Retention Rates and Achievement 

The relationship between retention rate and the achievement of students in 
Population B was investigated in some detail by Miller and Linn [1985]. 
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Scores on all test forms were equated using a linear equation procedure and 
three major subtests were used as criterion measures. Only the analysis of 
the algebra subtest is reported here. Additional information about these analy 
ses may be found in Robitaille and Garden [1989]. 

Chart 5 indicates the mean achievement level for all Population B students 
in the systems under consideration, as well as for the top 5 per cent and the 
top 1 per cent of students in those systems. The systems have been ordered 
along the horizontal axis in descending order of their retention rates, and the 
Ontario Grade 12 sample is not included because it was not part of Miller 
and Linn's analysis. 

Chart 5 
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Husén [1967], in his analysis of comparable data from the first lEA mathe 
matics study, concluded that higher retention rates did not have an adverse 
effect on the mathematics achievement of the most capable students. In addi 
tion, his results indicated that higher retention rates were associated with higher 
system performance. "The higher the proportion of students retained in the 
school system, the higher the proportion of the group making high scores is 
likely to be" [Husén, 1967]. Miller and Linn concluded that a lower retention 
rate results in higher mean achievement for the students remaining in school, 
but that the yield and quality of talented students are not negatively affected 
by higher retention rates. They did not find "conclusive evidence to show 
that talented students would do better or worse as a function of the national 
retention ra~~~." 

.' 

Some subsequent analyses of the link between retention rates and achieve 
ment of talented students have found that the more selective systems (i.e., 
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those in which Population B represents a lower proportion of the age cohort) 
tend to have higher percentages of the Population B students in the high 
achievement range on tests such as these. However, the relationship between 
selectivity and the per cent of the age cohort in the high achievement range is 
very weak, about -0.10. Thus, it appears that high selectivity is not a neces 
sary condition for excellence. 

Japan is an illustrative example of a system which retains a comparatively 
large proportion of students at the Population B level and many of those stu 
dents perform at extremely high levels of achievement. In fact, there were 
almost 800 perfect scores obtained by Japanese students in this study. 

Gender 

A good deal of concern has been expressed about the rate of participation 
of girls in mathematics and science courses at the senior secondary and terti 
ary levels. The concern has to do with the fact that many girls may be cutting 
themselves off from a wide variety of professional choices by deciding too 
early in their educational careers to discontinue the study of science or mathe 
matics. 

Results from the Second International Mathematics Study confirm that such 
a pattern still exists. In every one of the participating systems, the propor 
tions of boys and girls at the Population A level are virtually identical. All 
boys and girls are still studying mathematics at age 13. By the time students 
reach the last year of secondary school, however, the situation has changed. 
In British Columbia and Ontario, girls constitute 40 per cent of the popula 
tion of senior mathematics students. This is lower than the proportion reported 
in the United States (44 per cent), but higher than those reported elsewhere: 
e.g., England, 34 per cent; Sweden, 26 per cent; and Japan, 22 per cent 

-. 

Research is needed to learn more about this phenomenon. We need to learn 
why it is that many girls decide to discontinue the study of mathematics so 
early, and we need to know when they make that decision. We also need to 
learn which girls make that decision, For example, it is not at all clear that it 
is the less able female students who drop out of mathematics. Some work on 
these questions is currently under way in British Columbia in a project funded 
by the B,C. Ministry of Education. 

Related to the question of the participation of girls in the study of mathe 
matics and science is gender of teachers. It may be that one of the factors 
which influences the decisions made by female students about pursuing the 
study of mathematics or science is the gender of their mathematics and sci 
ence teachers. If this is the case, then the findings from this study are cause 
for some concern. 
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Over 80 per cent of the mathematics teachers from British Columbia who 
participated in the study at the Population A level were male. In Ontario, two 
out of three were male. In the case of Population B, the results were even 
more dramatic: 95 per cent male teachers in British Columbia, and 80 per 
cent in Ontario. These percentages are significantly higher than those reported 
in most other jurisdictions. 

Further Education Expected 

Both populations of students were asked to indicate how many more years 
of formal education they expected to acquire, and Canadian students were 
among those expecting the most. Over 60 per cent of the Grade 8 students 
from British Columbia and Ontario indicated that they expected to pursue 
some sort of formal educational program at the post-secondary level. This 
rate was substantially lower than the corresponding figure for the United States 
(75 per cent), but considerably higher than that reported elsewhere. Only about 
20 per cent of students from England and Wales said they expected to con 
tinue to the post-secondary level, and slightly less than 50 per cent of stu 
dents in Japan did. 

Some interesting changes in expectations were apparent among Popula 
tion B students. Over 80 per cent of the Canadian Population B students said 
that they expected to continue their formal education at the post-secondary 
level. This high rate of expected participation is not at all surprising given 
the fact that these students are all enrolled in pre-university programs, or the 
equivalent. The corresponding figures from other jurisdictions are all high at 
this level, with the United States reporting the highest rate, 97 per cent. 

Findings from Another 
International Survey 

In 1988, the Educational Testing Service (ETS) in the United States carried 
out an international survey of the achievement of 13-year olds in mathematics 
and science. International participants in the project included the United States, 
the Republic of Korea, the United Kingdom, the Republic of Ireland, and 
Spain. Four Canadian provinces - British Columbia, Ontario, Quebec, and 
New Brunswick - also participated; in every province except British 
Columbia, there were two samples of students drawn: one from pre-university 
schools, and one from francophone schools. 

The comparative performance of students from the 12 participating sys 
tems is shown in Chart 6. The vertical axis is a "mathematics proficiency" 
scale developed through the use of item-response theory, and represents an 
effort to portray performance in mathematics as a uni-dimensional trait. 
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Chart 6 is divided by vertical lines into four parts. The report of the study 
[Lapointe, et al., 1989] states that the differences between groups separated 
by the vertical lines are statistically significant, but that the differences within 
each of the four groups are not. Thus the performance of Korean students 
was significantly better than that of students in all of the other systems. 
However, there were no significant differences in the performance levels at 
tained by students in Quebec (French), British Columbia, Quebec (English), 
and New Brunswick (English). 

These results tend to confirm the rank ordering of systems reported earlier. 
That is to say, the relative ordering of British Columbia, Ontario, and the 
United States were the same in this survey as they were in the lEA study. It 
is unfortunate that there was not a greater overlap of participants in the sur 
veys, and that it was not possible to obtain participation from all of the Cana 
dian provinces. 

Implications of the Findings 

" 

The Second International Mathematics Study was a major undertaking, 
involving thousands of students and hundreds of teachers in each of the 
participating countries, including the two Canadian provinces. The findings 
have been reported in scholarly journals as well as in the popular media; and 
major organizations, including the National Council of Teachers of Mathe 
matics which represents both Canadian and American teachers of mathematics, 
have made recommendations for sweeping changes in the way in which mathe 
matics is taught and to whom it is taught on the basis of those findings. 
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Many of those recommendations deal specifically with aspects of the cur 
riculum or teaching practices, and likely have little relevance in a paper of 
this kind. There are, however, a number of areas of more general interest 
which are discussed below. 

NeedforCanada-Wide Participation 

It seems clear that Canada has much to gain from participation in com 
parative research studies of the kind sponsored by lEA. Unfortunately, because 
of the way in which the governance of education is organized in Canada, this 
is very difficult to do. In fact, it has yet to be done. Individual provinces have 
decided, independently of one another, to participate or not to participate in 
such projects, but there has been no national coordination. The recently 
completed lEA survey of science did include Canada-wide participation, but 
separate studies were conducted in French and in English schools two or three 
years apart. 

Provincial educational systems across the country, under the coordination 
of the Council of Ministers of Education of Canada (CMEC), are currently 
engaged in a process of identification and development of a set of "educational 
indicators": that is, a set of measurable outcomes which could help policy 
makers evaluate the success of the educational enterprise. For that reason at 
least, CMEC seems to be supportive of projects such as the lEA studies. 
However, the Council has no authority and no funds, so it can do little more 
than recommend to the individual provinces that they participate. 

An alternative source of funding is the Social Sciences and Humanities 
Research Council of Canada (SSHRCC), whose mandate is to support re 
search in a wide variety of areas including education. Over the past decade 
or more, SSHRCC has funded several lEA-related projects, including sev 
eral aspects of the Second International Mathematics Study, as well as both 
the francophone and anglophone versions of the lEA science study. SSHRCC 
will probably continue to provide support for lEA projects on a competitive 
basis, but it is unlikely that they would be able to provide sufficient funds to 
support the entire cost of any such project, given their limited budget 

Gender Differences 
" 

Educational researchers have, for some time, been investigating differences 
in patterns of achievement and participation in mathematics and science 
courses by males and females. About 20 years ago, researchers found sig 
nificant differences between the achievement levels attained by boys and by 
girls as age level increased. They found few differences at the elementary 
school level, but increasingly large differences in the secondary grades. 
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Critics of those early studies charged that the investigators had failed to 
take into account differences in "course-taking" behaviour between boys and 
girls, and there is substantial support for that criticism in these results. Many 
more girls decide to withdraw from the study of mathematics than boys, and 
little is known about their reasons for doing so, or even about which girls 
decide to withdraw. That is to say, we do not even know whether or not it is 
the most qualified girls who decide that mathematics is not for them. 

In any event, the results from the Second International Mathematics Study 
reveal that there are now relatively few statistically significant differences 
between the performance levels attained by boys and girls in most countries, 
including Canada. The problems associated with under-representation of 
females in mathematics courses at the senior secondary school level persist, 
but the large differences in achievement levels reported in earlier studies 
appear to be narrowing. 

Impact of Technology 

The vast majority of teachers who participated in the Second International 
Mathematics Study, in Canada as well as in other countries (in this case, no 
tably, Japan), indicated that the use of calculators or computers by students 
in mathematics classes should be either severely restricted or forbidden. Al 
though the data for the Second International Mathematics Study were col 
lected between 1980 and 1982, more recent studies in British Columbia and 
elsewhere indicate that teachers' and parents' opinions in this regard have 
not changed significantly. 

The precise reasons underlying this resistance on the part of teachers to the 
introduction of technological innovations which might well facilitate their 
work are difficult to discern. Many people, parents as well as teachers, be 
lieve that the mastery of routine, yet "hard," topics such as the computational 
algorithms of arithmetic contributes to the moral and intellectual develop 
ment of children. They express concern about how this generation will react 
when faced with a difficult computational situation without a calculator or, 
even worse, a calculator with exhausted batteries. 

" From an educational point of view, questions about what the mathematics 
curriculum would look like, and what kinds of mathematical knowledge and 
expertise would be expected of teachers of mathematics in a technologically 
enriched mathematics environment, require urgent attention. On the one hand, 
schools can ill afford to simply ignore this issue and pretend that the technol 
ogy does not exist On the other hand, most teachers of mathematics are 
comfortable with the existing, largely algorithm-based, mathematics curri 
culum. Many of them would be reluctant to adopt new curricula and new 
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teaching techniques with which they are unfamiliar or with which they feel 
less secure. 

Goals of the Mathematics Curriculum 
-, 

Howson and Wilson [1989] have said that one of the major problems 
affecting efforts to make changes in the mathematics curriculum is that 
everyone seems to agree, and to have always agreed, that the subject is an 
essential ingredient in any program of general education. Moreover, the 
mathematics curriculum is very much the same all around the world, and this 
complicates attempts to make changes in any particular country, 

The two reasons most frequently put forward in support of the importance 
of mathematics in the school curriculum have to do with its purported 
contribution to the development of "logical thinking," and its usefulness in 
the modem world. As to the first of these, there is no evidence that people 
trained in mathematics are more logical or better thinkers than anyone else 
when they are operating outside the realm of their particular expertise, The 
second reason put forward in defence of the place of mathematics in the school 
curriculum is its usefulness in so many different fields and activities. [See, 
for example, Cockroft, 1982,] Christine Keitel says that the usefulness of 
mathematics is a pretence. She says: "No modem society can exist without 
mathematics, but the overwhelming majority of people in a modem society 
can and do live quite well while doing hardly any mathematics" [Keitel, 1989]. 

Canadians need to examine the place of mathematics in the school curricu 
lum in a fundamental way, We need to ask why almost all students are re 
quired to study mathematics in every grade. We need to determine what is 
really meant by the usefulness of mathematics, and to judge the extent to 
which that goal is being met by current curricula and teaching practices. 

Teacher Supply and Qualifications 

Large numbers of teachers who have been assigned responsibility for the 
teaching of mathematics, particularly in the elementary and lower secondary 
grades, have little or no academic background in mathematics at the post 
secondary level. Results from the Learning Assessment Program in British 
Columbia show that many of these teachers have not had any professional 
preparation in methods of teaching mathematics either. That is to say, a great 
deal of mathematics is being taught in Canadian schools by teachers who are 
ill-equipped for that task. This situation is likely to become much worse as 
the current teacher shortage worsens. 

" 



in the Second International Mathematics Study 35 

Students' Performance 

At the Population A level, Canadian students performed reasonably well 
in comparison with students from other countries. The overall results show 
that Grade 8 students from British Columbia were among the top third of 
participants, and that their performance surpassed that of students in any of 
the other English-speaking jurisdictions involved. These included Scotland, 
England and Wales, the United States, and New Zealand. The performance 
of students from Ontario was somewhat lower, placing them at about the mid 
point of the range of total scores. 

At the Population B level, Canadian students in Grade 12 had the lowest 
overall scores of all. Grade 13 students in Ontario did much better, but their 
performance lagged significantly behind that of students from other coun 
tries. The high rates of retention of students in the study of pre-university 
mathematics in the two Canadian provinces, and the concomitant impact on 
the curriculum which can be offered to those students, are major factors to 
consider in attempting to decide whether or not there are grounds for con 
cern about our students' performance. Unfortunately, there is no way of 
moderating the test scores to take into account the influence of those vari 
ables. 

On the whole, students performed satisfactorily on tasks which involved 
straightforward applications of more or less routine tasks. Performance levels 
fell off sharply, however, on items requiring higher level cognitive behaviours, 
and this raises concerns. Professional associations of teachers of mathematics 
have, for the past several years, been exhorting teachers to give increased 
emphasis to the applications of mathematics and to problem solving. The need 
for teachers in all countries to do so is clear from these results. Modem 
Canadian society has little need for people who are skilled calculators. On 
the other hand, we do have an urgent need for skilled problem solvers. 

Policy Conclusions 

" 

The results from the Second International Mathematics Study are of con 
siderable significance for teachers, teacher educators, and educational research 
ers. But education affects everyone in our society, and the cost of providing 
educational services to all Citizens is one of the major costs of government at 
all levels. Hence these results are of significance to all Canadians, regardless 
of the degree of their personal involvement with the formal educational sys 
tem. The findings of the Second International Mathematics Study suggest a 
number of policy initiatives and directions toward which, in the opinion of 
the author, Canadian educational policy should be directed. Seven such pol 
icy directions are discussed in this section of the paper. 
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NatiolUJl Support/or Research in Education 

In most of the lEA countries, there exists a national organization with a 
mandate to conduct educational research on a national level. This is true, not 
only in countries such as France and Japan which have highly centralized 
educational systems, but also in countries such as Australia, the Federal Re 
public of Germany, and the United States whose educational systems are as 
decentralized as is Canada's. 

", 

Given the importance of education in general and of the K-12 school sys 
tem in particular to the state of the nation, Canada needs more national re 
search in education in order to provide beuer information about what is going 
on in Canadian schools. At the present time, the Social Sciences and Hu 
manities Research Council of Canada (SSHRCC) is virtually the only na 
tional source of funding for research in education on a regular basis, and the 
amount of funding available from SSHRCC for educational research each 
year is small. 

Consideration should be given to the establishment of a national centre for 
educational research in Canada. Such an agency could be modelled on suc 
cessful institutions of this kind in other countries, including the Australian 
Council for Educational Research and the National Foundation for Educa 
tional Research in the United Kingdom. Some link between such a centre 
and the Council of Ministers of Education might be established to provide 
governance and overall direction for the work of the centre. 

Canada has much to gain from participation in both national and interna 
tional research studies in the field of education. Our experience with the lEA 
mathematics and science studies has shown how difficult it is, in the present 
circumstances, to enlist the participation of schools and students from across 
the country in such projects. Moreover, the fact that so few sources of fund 
ing are available for such projects adds to that difficulty. The establishment 
of a national centre, at an appropriate level of funding, would greatly im 
prove this situation, and facilitate the gathering of badly needed data about 
what is going on in the schools of the nation, 

Participation Rates 

In both British Columbia and Ontario, the proportion of students in the last 
year of secondary school who are enrolled in pre-university mathematics 
courses is higher than in most other countries. Whether or not this is true in 
other parts of the country is not known, but it seems likely, 

Mathematics is an important component in the academic preparation re 
quired for an increasingly wide variety of careers and professions. Students 
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who decide to discontinue taking mathematics courses prematurely will, there 
fore, effectively eliminate a great number of possible career choices. Schools 
should encourage students to continue studying mathematics, and provide a 
variety of courses at the senior secondary level to enable all qualified stu 
dents to do so. 

Gender Differences 

Current research indicates that the gaps between achievement levels ob 
tained by girls and boys in mathematics have narrowed over the past 20 years, 
and this trend was confirmed in the Second International Mathematics Study. 
At the Population A level, virtually no significant differences between the 
achievement of boys and girls was found in either Canadian province or in 
the United States. More differences were found at the Population B level but, 
even there, most of the statistically significant differences were not large 
enough to be considered important from an educational perspective. 

Of greater concern is the fact that females continue to be under-represented 
in mathematics courses at the senior secondary level. In British Columbia 
and Ontario, girls constitute only 40 per cent of Population B. This propor 
tion is higher than the comparable proportion in many other countries, but 
there is no obvious educational reason why males and females should not 
continue in the study of mathematics in equal numbers. 

Little in the way of good information is available about the course-taking 
behaviour of students at the senior secondary level. Little is known about the 
reasons underlying students' decisions to continue or to discontinue the study 
of mathematics as soon as it is permissible for them to do so. It may be, for 
example, that many of the girls who "drop out" of mathematics are among 
the most academically able. This would certainly help explain the wider gap 
in achievement patterns among older students. 

" 

Given the importance of a mathematically literate population to the con 
tinued economic and scientific development of Canada, we can ill afford to 
have such a situation continue. We need to investigate this problem in detail, 
to identify causes, and to seek solutions. Professor Jim Gaskell of the Fac 
ulty of Education at UBC heads a team which is currently interviewing girls 
in senior secondary schools to learn more about the reasons underlying their 
course-taking decisions in mathematics and science. Results of that study will 
be available in the last quarter of 1990. Similar studies should be conducted 
in other parts of the country. 

The Role of Technology 

There is no doubt that widespread introduction of calculators and of com 
puter technology into classrooms will and should change what goes on in 
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mathematics classrooms in a fundamental way. So-called symbolic manipu 
lation software packages, which are widely available today at moderate cost, 
effortlessly perform virtually every algorithmic procedure students have tra 
ditionally been required to master in mathematics courses in secondary school 
and in the junior university years. 

Does it make sense to have elementary school students spend time in every 
grade from Grade 3 to Grade 8 learning and reviewing how to do long divi 
sions? Certainly calculators are easily available to relieve us and them of that 
chore. Moreover, we already know that, at the end of Grade 8, over 30 per 
cent of students are likely to produce an incorrect answer when asked to solve 
a long-division exercise. Could not their time and their teachers' time be spent 
more fruitfully and efficiently? 

" 

.' 

Does it make sense to have secondary school students and teachers spend 
enormous amounts of time solving equations, working with trigonometric 
identities, learning graphing techniques, or memorizing formulas for differ 
entiation and integration, when symbolic manipulation software and micro 
computers can take over those routine chores? 

An in-depth study of ways in which available technology can best be put 
to use in educational settings, particularly in the areas of mathematics and 
science, is needed. Moreover, means will have to be found to overcome re 
gional disparities in ability to provide the financial resources needed to make 
the technology available to all students. 

Students' Achievement 

The performance of Canadian students on the achievement testing aspects 
of the Second International Mathematics Study was generally satisfactory. 
Results at the Population A level were better than those at Population B, but 
international comparisons at the latter level are of questionable validity be 
cause of the substantial between-system differences in retention rates which 
exist. 

What is of concern is the fact that the kinds of test items on which all stu 
dents, including Canadians, performed best tended to be those which involved 
routine, low-level tasks. Performance levels on problem-solving items tended 
to be much lower. 

The teaching of mathematics in Canada needs to be re-oriented to place 
more emphasis on the development of students' problem-solving skills. 
Schools need to make better use of the technology available to deal with rou 
tine techniques and procedures, and to take advantage of the time saved in 
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that way to devote more attention to the real-world applications of mathe 
matics. This may make mathematics more difficult for some teachers to teach, 
particularly those with minimal academic preparation in mathematics, but it 
will make the subject more interesting and more relevant for students. 

Teacher Supply 

In British Columbia, principals reported that 40 per cent of their Grade 8 
teachers of mathematics, and 30 per cent of their Grade 12 teachers of mathe 
matics, were less than fully qualified to teach mathematics at that level. Almost 
20 per cent of the teachers of Grade 13 mathematics in Ontario were also 
judged to be less than fully qualified. In other words, a substantial proportion 
of mathematics classes at the secondary school level in Canada are being 
taught by teachers who have had insufficient or no academic or professional 
preparation in mathematics. 

Canada ranked lower on this variable than most other industrialized coun 
tries in the study, and this is a serious matter. If the teaching of mathematics 
in this country is to keep pace with technological and scientific advances, we 
need teachers of mathematics who have an in-depth knowledge of the sub 
ject matter and whose professional preparation has familiarized them with 
the appropriate teaching methodologies. 

Grouping of Students by Ability 

The practice of grouping students into different classes for one or more 
subjects on the basis of some measure of academic ability is very prevalent 
in Canadian schools at the junior secondary level. Although such "stream 
ing" of students occurs in several subject areas, it seems to be most prevalent 
in mathematics. 

'. 

The effects of various arrangements for streaming have been studied ex 
tensively, and the findings of this research are quite unequivocal. The only 
type of streaming which is beneficial for students is grouping high-ability 
students together. Placing all "low-ability" or "slow" students together has 
been shown to be particularly ineffective, since it results in a widening of the 
gap between the ability groups. 

An argument frequently employed by teachers to justify the practice of 
streaming is that their teaching will be rendered more effective if the range 
of ability of the students in their class is narrower. This might be the case if it 
were possible to assess a student's ability level accurately, but it is extremely 
unlikely that this could be done within a single school and without the use of 
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highly sophisticated assessment procedures. Moreover, we have evidence from 
countries such as France and Japan that heterogeneous grouping of junior 
secondary students in mathematics works very well indeed. 

Many teachers believe that the content of the mathematics curriculum in 
the academic program is inappropriate for students who are not planning to 
attend college or university. The very real danger is that many students may 
be mis-categorized and directed into non-academic, terminal programs which 
severely limit their academic and career options. 

Conclusion 

Canadian participation in the Second International Mathematics Study, al 
though limited to two provinces, has provided a wealth of comparative infor 
mation on our educational system. It is encouraging to see that a group such 
as the Economic Council of Canada is interested in knowing more about the 
results of the study, because it underscores the importance of the educational 
system to all Canadians. If we are to provide the very best educational sys 
tem we can for our children, then we must also support educational research 
as a national priority. For, it is only through research that the improvements 
we all seek will be realized. 

lEA has decided to conduct replications of some of its surveys on a regu 
lar, periodic basis, and both mathematics and science, as well as written ex 
pression, are included in that group. The data-collection phase of the Third 
International Mathematics Study is scheduled for the 1993-94 school year, 
and it is hoped that it will be possible to arrange for Canada-wide participa 
tion in that study. 

Preparatory work on the third lEA mathematics study is under way, and 
variables of interest are being identified. Groups such as the Economic Coun 
cil which might wish to have questions related to variables of interest to them 
included on questionnaires, or other instruments used in the paper, should 
contact the author. 
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