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In 1976 the IEA undertook the Second International Mathematics Study.  The objective was to produce an international portrait of mathematics education with emphasis on the mathematics classroom and significant input from the mathematics education community.  The framework of the study consisted of three levels - the Intended Curriculum (that which is mandated at a national or system level), the Implemented Curriculum (that which is taught in the classroom), and the Attained Curriculum (what the students learn).  Preliminary surveys of the National Coordinating Centers led to the construction of a content-behaviour grid which was used to obtain an international topography of the international curriculum and to construct the achievement tests to determine the attained curriculum.  The Implemented  Curriculum was determined through a series of detailed questionnaires (to determine teacher practices) as well as questions on each item (to determine opportunity to learn).

INTRODUCTION

The IEA, a consortium of centers of educational research from more than 50 countries, first undertook a survey of mathematics achievement in the mid 1960s, in what has come to be known as the First International Mathematics Study (FIMS).  The choice of mathematics for this first study was more a matter of convenience than interest in mathematics achievement per se.  The organizers believed that it would be easier to make international comparisons in mathematics than in any other area, and they felt that mathematics achievement would serve as a surrogate for school achievement.  Thus, the FIMS was an experiment in International Studies that provided useful information on mathematics achievement.   Subsequently, using the experience gained in FIMS, the IEA conducted a number of international studies in different areas.

After a hiatus of several years the IEA, at the urging of Roy Phillips of the New Zealand Department of Education, convened a meeting in the summer of 1976, at the University of Illinois at Champaign-Urbana, to consider whether a second study of mathematics should be undertaken.  There was substantial agreement at that time that, should a second study be undertaken, the focus should be on mathematics education internationally.  At a subsequent meeting in St. Andrews, Scotland, the decision was made to undertake such a study, and an International Coordinating Committee was established under the Chairmanship of Kenneth Travers.  The goals of this project, which came to be known as the Second International Mathematics Study (SIMS), were much more ambitious and its structure considerably different from FIMS.  The overall objective was to produce an international portrait of mathematics education, with a particular emphasis on the mathematics classroom.  There would be significant input and guidance at every stage from the mathematics education community. 

Two populations were studied by FIMS, a younger population consisting of 13-year-olds and an older population consisting of students in their last year of secondary school.  This latter group presented some problems, in that in some countries this group consisted only of a small percentage of the cohort specializing in mathematics while in others it consisted of a large percentage of more general students.  This made for difficulties in comparing a broad population to a much more selective group.  

THE SECOND INTERNATIONAL MATHEMATICS STUDY

The curriculum in many countries is mandated at the national or system level.  This is spelled out in curriculum guides and presented in the approved textbooks.  Teachers are then expected to translate these guides into actual classroom instruction.  There is an implicit assumption that the students will learn the material presented in the classroom.  How well do the teachers translate what has been mandated?  How close a match is there between what actually goes on in the classroom and what has been mandated?  How much and what do the students learn?  SIMS was planned as an in-depth study of the curriculum, and this required an examination of each of the components mentioned above.  This led to a framework of the study on three levels - the Intended Curriculum (what has been mandated), the Implemented Curriculum (what is taught by the teachers in their own classrooms), and the Attained Curriculum (what is learned by the students).  The diagram in Figure 1 illustrates this framework.
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Figure 1: SIMS Framework

The targeted populations for SIMS were roughly comparable to those for FIMS and consisted of the following two groups.

Population A: All students in the grade (year, level) where the majority 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 grades of the secondary educational system and who are studying mathematics as a substantial part of their academic program.

The definition of Population B in SIMS was intended to overcome the difficulties in FIMS mentioned above.  The narrower definition was intended to include only those students who are completing the requirements needed for the further study of mathematics at the post-secondary level. However, as with FIMS, the makeup of this second population still differed considerably among participating countries, and this made the interpretation of the achievement results at that level quite difficult.  

THE INTENDED CURRICULUM

In order to determine the Intended Curriculum a preliminary survey of the curricula in several countries was undertaken.  The need to accommodate the reality that not all topics are covered with the same degree of thoroughness led to the development of a grid structure with a content dimension and a cognitive behaviour dimension.  The content dimension for Population A was broken up into five strands - Arithmetic, Algebra, Geometry, Descriptive Statistics, and Measurement - and that of Population B into nine strands - Sets and Relations, Number Systems, Algebra, Geometry, Elementary Functions and Calculus, Probability and Statistics, Finite Mathematics, Computer Science, and Logic.  Each of these strands was further subdivided and refined, particularly for the Population A.  The cognitive behaviour dimension was partitioned into four categories based on a scheme proposed by Wilson (1971) - Computation, Comprehension, Application and Analysis.  In any such classifications there are always ambiguities and disagreements as to where certain topics fit.  In an effort to reduce these ambiguities and disagreements, detailed examples were provided for each cell in the grid, so that the respondents could see what the International Mathematics Committee had in mind.  As a further check, the respondents were asked to include examples of how they interpreted the various cells.  Some respondents might regard addition and subtraction of integers as arithmetic, and others as algebra.  Since our concern was primarily to determine whether this topic was included in the curriculum, countries were asked to respond according to the topic and the examples provided, regardless of whether or not they agreed with the classification.  Further, they were asked to provide items that they felt fitted into each of the cells.  Finally, each country was asked to specify the level of importance of each cell in the grid - whether  they considered that topic, very important, somewhat important or not too important.  These data were used to draw up a topography of the international curriculum in the form of the content-cognitive behaviour grid, with cells marked V (very important for most countries), I (Important for most countries), Is (Important for some countries) and U (Unimportant for most countries).  

THE IMPLEMENTED CURRICULUM

Extensive information was collected from teachers on how they taught mathematics to the target classes.  Detailed questionnaires were provided to the teachers in order to determine their classroom practices.  The response to the content - cognitive behaviour grid was used to select several topics which had the greatest potential for growth across all the countries.  In order to monitor teaching methods during the school year, a detailed questionnaire was administered to the teachers.  In order to make the responses as explicit as possible, the questionnaire provided, for each topic, a detailed description of a large variety of teaching methods that could be utilized in the teaching of that topic.  A variety of information on teacher attitudes, beliefs and practices was also collected, including:

· goals in teaching mathematics,

· influences on teacher decision making,

· uses of resources supporting teaching

· perceptions of the particular class sampled.

Information was also collected on the students’ opportunity to learn certain topics as described below in the section on the Attained Curriculum.

THE ATTAINED CURRICULUM

The main instrument for determining the Attained Curriculum were the achievement tests.  The topography of the international curriculum, as given by the content - cognitive behaviour grid, was used as a basis for item development, with the number of items for each cell determined according to the importance assigned to that cell.  Items were collected from several sources, and many were developed specifically for this study.  In addition, a number of ‘anchor items’ (items from the first study) were included, in order to chart any changes that occurred between the first and second study in the eleven countries that participated in both studies.  All the items were reviewed by the National Committees for each country for correctness and suitability, and items were piloted several times before the final selection was made.  Since the focus of the study was the classroom, in order to provide as broad coverage as possible in the achievement tests, students in population A were administered a core form and one of four rotated forms.  Population B students wrote one or two of eight rotated forms constructed at that level.  The structure of the item pools are given in the tables below.  The breakdown of the items in the achievement tests for Population A is given in Table 1 and for Population B in Table 2 below.

For each item, teachers were asked if the content had been taught previously, taught that year, or not taught at all.  Students were asked similar questions, and their responses were quite consistent with those of the teachers.  This provided a measure of the opportunity to learn for each item in the achievement tests.


Number of Items (Percent)

Major Strands
Arithmetic

Algebra

Geometry

Measurement

Descriptive Statistics
Longitudinal Version
62 (34%)

32 (18%)

42 (23%)

26 (14%)

18 (10%)
Cross-Sectional
46 (24%)

40 (23%)

48 (27%)

24 (14%)

18 (10%)
Common to both Versions
46 (29%)

30 (18%)

39 (25%)

24 (15%)

18 (11%)

Total
180
176
157

Table 1: Breakdown of the SIMS Item Pool for Population A

                    Major Strands
Number of Items (Percent)


Sets, Relations, Functions

Number Systems

Algebra 

Geometry 

Analysis 

Probability and Statistics 


Other
7 (5%)

17 (13%)

26 (19%)

26 (19%)

46 (34%)

7 (5%)

7 (5%)

Total
136

Table 2: Breakdown of the SIMS Item Pool for Population B

In order to make it possible for growth in mathematics achievement to be charted, the full design of SIMS was longitudinal.  Pre-tests were administered at the beginning of the year and post‑tests at the end.  Most of the twenty participants in the study at the Population A level and the seventeen at the Population B level (Table 3) were represented by single national probability samples.  However, there were separate Flemish and French population samples for  Belgium. Two provinces of Canada, Ontario and British Columbia (B.C.), participated separately.  Scotland participated independently of England and Wales.  Only eight countries participated in the longitudinal study at the Population A level and three at the Population B level.  The degree of participation for each of the countries is listed in Table 3.
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Cross-Sectional
Longitudinal
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Table 3: Countries Participating in SIMS

SOME FINDINGS


Opportunity to learn

One of the findings, on the national level, is the continued wide discrepancy in the opportunity provided for students to complete secondary education to the grade 12 level or equivalent.  This was true not only between developing countries and developed countries but also among developed countries.  There were large between-country differences in the proportions of the age or grade cohort of secondary-school students studying Population B mathematics.  In the majority of the countries participating in SIMS - including Japan, the United States and most European countries - Population B accounted for no more than 12% of the age cohort.  The curriculum in these countries, geared as they were to the top students at that level, were probably too advanced and too difficult for a broader spectrum of the population.  In Hungary, however, 50% of the age cohort and in the Canadian provence of British Columbia 30% of the age cohort were included in Population B.  As the importance of technology increases, and as the requirement of a solid basis in mathematics encompasses more and more fields, the need for graduates well qualified in mathematics becomes even greater in order to ensure economic progress.  This makes it even more important to increase the number of students enrolled in mathematics at this level.  One often-expressed concern is that increasing the number of students in these courses would impact negatively on the best students in that the courses would be ‘watered down’.  The evidence indicates that, in spite of this disparity in the retention of students in the study of pre-university mathematics, the very best students in almost every country do as well as their counterparts in other countries.  This would seem to indicate that the policy of retaining a high proportion of students in the study of mathematics, as in Hungary or British Columbia, does not affect the performance of the very best students.  One would expect, however, that students in the more selective systems, while not doing better than the others on topics that both have studied, will have been exposed to more topics.

There has been substantial growth, in some countries, in the percentage of the cohort completing secondary school.  In Belgium there was an increase from 13% to 16%, and in Finland from 14% to 59%, between FIMS and SIMS.  In the United States, the increase from 70% to 82% was not so dramatic due, in part, to the already quite high retention rate in FIMS.  This ‘good news’ is tempered by the ‘bad news’ - that the proportion of students in Population B dropped drastically from 18% of the age cohort in FIMS to 12% in SIMS.  In spite of the increased retention of students in grade 12 in the United States, the decline in the percentage of cohort enrolled in mathematics courses at the Population B level from 18% of the age cohort to 12% is of particular concern.  


Mathematical content

The content of the mathematics curriculum at the Population A level, in a cumulative sense, is surprisingly similar amongst countries.   Students study many of the same topics, although not necessarily in the same order or in the same depth.  Geometry is the great exception, where there seemed to be almost as many different approaches to the subject and different topics covered as there were countries participating in the study. The fact that teachers agreed that most of the items in the Population A achievement tests  concerned topics which were part of the curriculum provided further evidence of the similarity in the content from one country to the next.  


In most countries, the Population A curriculum in mathematics is a combination of topics from arithmetic, algebra and geometry.  Indeed, from FIMS to SIMS, the importance of geometry declined while the importance of algebra and arithmetic increased, with the United States having the highest rating for arithmetic in both studies and almost the lowest in geometry.  Not surprisingly, in the United States but also in Canada, the curriculum tends to include more arithmetic than anything else, with a sprinkling of algebra and geometry for some students.  In the United States, only a small minority of Population A students were offered a complete course in algebra.  


Unlike the situation for the Population A achievement tests, where there was strong agreement among teachers that most of the items were part of the curriculum, there was no such agreement for Population B.  At this level there were large differences in content between countries.   The importance of algebra and elementary functions as well as calculus increased in most countries from FIMS to SIMS, while geometry decreased in importance.  In the United States, however, the change in the importance of elementary functions and calculus was very small, and was lower than most countries in both studies.  A significant amount of selection has also taken place by the time students reach this level, so that the Population B cohort tends to be relatively small (less than 20%) with the exception of Canada (B.C.) with 30% and Hungary with 50%.  The curriculum in these countries is likely to include both calculus and algebra as important strands, with less emphasis on geometry and trigonometry which are usually covered in earlier years.  In Canada, where there is a high degree of student retention, the Population B curriculum consists mainly of algebra and trigonometry.  This is also true in the United States, where few students take a full course in calculus.  However, in Hungary teachers report both a high retention rate and a large proportion of students studying calculus.  There were wide disparities in achievement levels among countries when the entire Population B cohort is included.  Thus, in algebra, Hungary with the highest retention rate of 50%, and Canada (B.C.) with a retention rate of 30%, had a much lower overall achievement score than Japan with an average retention rate of roughly 12% or Israel with the smallest retention rate of 6%.  This disparity shifted when comparisons were restricted to the best 5% of students, where the achievement score for Hungary and Canada (B.C.) was much higher than Japan and even higher in comparison to Israel.  The disparity further diminished when only the top 1% of the students were compared, where the achievement scores of Hungary and Canada (B.C.) were comparable to those of Japan, albeit lower than Israel.


Student and teacher beliefs

Most students at the Population A and Population B level indicated the belief that mathematics is important, and they wanted to do well since they believed that a knowledge of mathematics would be important to them in their careers.  While their opinions about mathematics were not overly negative, they were not overly enthusiastic either.  It is interesting to note that Japanese students who performed very well on the achievement tests were much more likely than students elsewhere to feel that mathematics was difficult and not enjoyable.  Japanese teachers also felt the same way about the teaching of mathematics, unlike the teachers in Canada and the United States who tended to find teaching mathematics easier and more enjoyable.


Difficulty

Population A students found the achievement test items fairly difficult on the whole, with the mean percentage correct across countries for all items being 47%.  On items involving computations with whole numbers, and other straightforward applications of basic concepts, the performance was generally good.  Performance fell off sharply on items calling for higher-order thinking skills.  Performance levels on items involving rational numbers, whether expressed as common or decimal fractions, were generally poor.


Teacher practices

The responses to the questionnaire on teaching practices showed many similarities across countries with ‘chalk and talk’ the most common approach, with whole class instruction and a heavy reliance on the textbook.  Differentiated instruction or assignments are rarely given.  Teaching on the 8th grade level entails an enormous amount of review, especially in the United States and Canada.  North American teachers seem to assume that their students have not mastered much of the Population A curriculum at an earlier grade.  Teachers in Japan, Belgium and France, on the other hand, assume that students have learned a great deal of this content in earlier grades and have mastered it, so there was no need to review or re-teach this material.  Teachers indicated that they tend to use more abstract teaching practices with topics that are being reviewed.


Use of calculators

The results indicate that Population A teachers do not expect or encourage students to use calculators, nor did they seem to be in widespread use at the time of the study.  We suspect that this situation has now changed.


Class size

Class size varied considerably from one country to another, from 19 to 43 students per class at the Population A level and from 14 to 43 students per class at the Population B level.  Surprisingly, countries where performance levels were the highest reported some of the largest class sizes.  Hong Kong, for example, had the largest class sizes.  Moreover, the students in these classes were among the youngest of those that participated in the study and their teachers were less than fully qualified to teach mathematics.  Yet their performance was exceptional, perhaps indicating the relevance of factors such as motivation and the importance of doing well in mathematics in the view of the parents and the society.  In the United States and Canada, class size and student-teacher ratios were larger than for most of the other industrialized countries.   Moreover, North American teachers reported teaching more hours per week.  All in all, the teachers in North America seem to have comparatively heavier work loads.


Tracking

Tracking of students for mathematics classes is practiced in every country at some level.  This is particularly prevalent at the Population A level in Canada (B.C.) and the United States, where over 70% of the teachers practiced grouping students by ability level.  At the other extreme, 70% of the French teachers of Population A, and all the teachers in Japan and Hungary, reported that students were not placed into different classes or programmes at that level; these students, particularly those from France and Japan, did very well on the achievement tests.  Nevertheless, even in systems where tracking is widely used, most teachers still report a wide range of abilities in their classes.  Interestingly, Japanese teachers tended to attribute lack of progress on the part of their students much more to their own failings rather than to some weakness on the part of students.  They also tended to regard teaching mathematics as much more difficult that did teachers of most other countries.


Some of the difficulties

The excessive length of time it took for SIMS to be completed, 12 years from the initial planning meeting to the publication of the third volume of the international report, was one of its principle weaknesses.  The longitudinal version of SIMS has proved to be a very fertile ground for investigating links between growth in student achievements and teaching practices.  Although SIMS used twice as many items as did FIMS, there were still not enough items to provide a thorough coverage of the curriculum across countries.  The classroom-processes questionnaires, although useful and interesting, did not correspond adequately to the content items.  It has been left to TIMSS to correct and improve on these shortcomings.
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