Chapter 31

Implications of International Studies

for National and Local Policy in Mathematics
Education

John A. Dossey and Margaret L. Wu

Abstract This chapter examines large-scale comparative studies of mathematics
education focussed on student achievement in an attempt to explain how such
investigations influence the formation and implementation of policies affecting
mathematics education. In doing so, we review the nature of comparative studies
and policy research. Bennett’s (1991) formulation of policy development and imple-
mentation is used in examining national reactions to the results of international
studies. Focus is given to the degree to which mathematics educators and others
have played major roles in determining related policy outcomes affecting curricu-
lum and the development and interpretations of the assessment instruments and
processes themselves.

International Studies of Mathematics Education

Writing in 1999, Martin Carnoy stated:

The quality of national educational systems is increasingly being compared internationally.
This has placed increased emphasis on mathematics and science curricula, English as a
foreign language and communication skills. Testing and standards are part of a broader
effort to increase accountability by measuring knowledge production and using such mea-
sures to assess education workers (teachers) and managers. Yet, the way testing is used to
“improve quality” is heavily influenced by the political context and purposes of the evalua-
tion system. Again, to develop effective policies for education improvement, the ideological—
political content of a testing programme has to be clearly separated from its educational
management content. (p. 16)
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Carnoy’s insightful comments are as true today as they were in 1999. The appearance
of large-scale international comparative studies of mathematics education, starting
with those of the 1960s, have engendered three significant changes to the math-
ematics education landscape at national, state/provincial, and local levels. The first
is an ever present reliance on large-scale sample survey data as a policy-making
base for curricular and mathematics instruction decisions. The second is the height-
ened role occupied by nonmathematical organizations, governmental and nongov-
ernmental, in the decision-making structure for what is important and what is not
important in mathematics education programs, their design, and their implementation.
The third is the use of comparative assessments as a lever for encouraging the conver-
gence of curricular plans toward “national” or “global” models.

These changes have brought with them a reliance on values based in numerical
indicators emanating from surveys, rather than from a body of mathematics educa-
tion research based on a series of related research studies, be they quantitative or
qualitative. Although expert panels who assisted in the design of these international
assessments have involved knowledgeable mathematicians and mathematics educa-
tors, the resulting structure of the questionnaires and assessments used in the final
collection of data has often then been modified to fit time, legal, or policy-based
constraints which have distanced, in many cases, the data from classroom practice.
Notwithstanding these disconnects, the global outcomes of international compara-
tive studies of school mathematics have emerged as powerful arbiters of educational
policy discussions of student competence, teacher quality, the path to school
improvement, and the structure of schooling itself. At national, state/provincial, and
local levels, assessment systems similar to the international assessments have been
instituted by legislative acts as primary monitors of trends. Decision making and the
institution of “educational crises” have become major media events stemming from
the release of participant rankings in league-like tables of student achievement
results or teacher qualifications.

The first major international comparative work in mathematics education was
initiated by the International Commission on the Teaching of Mathematics during
the 4 years following the organization’s founding at the Fourth International
Congress of Mathematicians in Rome in 1908. The study was created with the
expressed purpose of conducting a comparative study on the methods and plans of
teaching mathematics at the secondary and other levels of schooling. The study,
spanning the years from 1908 through 1914, produced 187 volumes, containing 310
reports from eighteen countries (ICMI, 2011a). Excerpts based on data from the
study can be found in the Teaching of Arithmetic and Mathematics in the Elementary
Schools of the United States (Bidwell & Clason, 1970; Smith, 1909; United States
Bureau of Education, 1911).In 1954, the Commissions’ parent body, the International
Mathematics Union, restructured and renamed the commission as the International
Commission on Mathematics Instruction (ICMI). Along with the shift in the name,
there was an implicit shift from the study of “the teaching of mathematics” to “math-
ematics instruction” in the activities of the organization (ICMI, 2011b).

In 1967, a New York Times article provided, in a manner similar to a sport’s league
standings table in a newspaper, the order of finish of national student achievement
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performances in the First International Mathematics Study (FIMS). This public
release and the media’s presentation focussing on standings signalled the emer-
gence of a new way of examining and evaluating nation/state or provincial/local
mathematics education programs. The influence of this approach to policy-building
and blame-directing has only increased over time with the quadrennial release of
data from the Trends in International Mathematics and Science Study (TIMSS) of
the International Association for the Evaluation of Educational Achievement (IEA)
and the triennial release of data from the Programme for International Student
Assessment (PISA) developed by the Organisation for Economic Co-operation and
Development (OECD). Mixed among the output from these massive studies are
findings emanating from United Nations Educational, Scientific and Cultural
Organisation (UNESCO), the World Bank, educational and economic think tanks,
national assessments, doctoral dissertations, and education consortia and bureaus in
individual countries.

These comparisons have grown over time to include comparisons of student
achievement, teaching, teacher preparation, the context of mathematics education,
and specialized topics included within or related to the mathematics curriculum
such as problem solving, modelling, statistics, textbook contents, and information
technology. A full discussion of all of these findings and their policy implications is
beyond the scope of this chapter, which will focus on large-scale international stud-
ies of student achievement and the impact that they have had and continue to have
on education policy in mathematics education.

International Association for the Evaluation
of Educational Achievement (IEA)

The IEA was conceived in 1958 at an UNESCO meeting of sociologists, educa-
tional psychologists, and psychometricians. The IEA today, consists of a linked
body of ministries of education and similar nationally-representative structures.
Mathematically, the IEA became an important entity with the release of the findings
of the First International Mathematics Study (FIMS) in 1967. This 12-nation study,
based on data collected in 1964, focussed on 13-year-olds and students in the pre-
university year of schooling. Policy relevant constructs emerging from the study
were the importance of student opportunity-to-learn and equity issues as they
affected academic performance. Other issues focussed on particular national differ-
ences in the education of teachers (Husén, 1967; IEA, 2011).

Seventeen years later, in 1981-1982, the IEA returned to mathematics assess-
ment with the 20-nation Second International Mathematics Study (SIMS). This
assessment featured a sharpened design based on a mathematics content framework
and substantially more input from the mathematics community. The SIMS design
featured pre- and post-measures about student opportunities to learn and perform in
mathematics for 13-year-olds and students in the final year of secondary school.
This study aroused increased interest in students’ opportunity-to-learn, while
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heightening the key roles of curriculum and number of topics students are exposed
to in a given year of study. In-depth questionnaires were used to probe teachers’
coverage of key topics in the teaching of prealgebra at the middle-school level and
content in precalculus and calculus at the end of secondary school (Burstein, 1993;
McKnight et al., 1987; Robitaille & Garden, 1989; Travers & Westbury, 1989).

In 1995, the IEA returned to mathematics with the Third International Mathematics
and Science Study (TIMSS). This time, the study cohort contained 45 countries, and
the focal populations included 9- and 13-year-olds, as well as students in the final
year of secondary education. In addition to focussing on major in- and out-of-school
determinants of educational outcomes of schooling, TIMSS also conducted a special
substudy comparing the mathematics curricula in the countries participating. The
careful design and implementation of the design for the TIMSS 1995 study has
provided an anchor for the subsequent IEA cycle of trend studies in mathematics, sci-
ence, and reading. These ongoing data collections also highlight the semi-permanent
status of such studies (now reconceived and renamed under the same acronym: the
Trends in International Mathematics and Science Studies). The first assessments in
the new formulation of TIMSS were carried out in 1999, 2003, and 2007. In 2011,
more than 60 countries and jurisdictions participated in TIMSS 2011. Results from
these studies are available online at the TIMSS study centre (http://timss.bc.edu/)
and in a series of research monographs (Robitaille & Beaton, 2002; Schmidt,
McKnight, Cogan, Jakwerth, & Houang, 1999; Schmidt, McKnight, Valverde,
Houange, & Wiley, 1997; Schmidt, McKnight, & Raizen, 1997; Schmidt et al.,
1996, 2001; Valverde, Bianchi, Wolfe, Schmidt, & Houang, 2002).

Results from TIMSS increased interest in the teacher preparation policies and
practices around the world. At writing, the IEA is involved in the Teacher Education
and Development Study in Mathematics (TEDS-M). This IEA study is focussed on
how teacher preparation policies, programs, and practices contribute to the capability
of teachers to teach mathematics in elementary and lower secondary schools (Grades
4 and 8). The framework, data, and findings from this study are available at the
TEDS-M study centre (http://teds.educ.msu.edu/).

Programme for International Student Assessment (PISA)

In 1997, the Organisation for Economic Co-operation and Development, a group
of democratic countries sharing economic-related information, decided to initiate a
program of literacy assessments for 15-year-olds in the domains of mathematics
literacy, science literacy, and reading in the mother tongue. PISA conducted its first
survey in 2000, with subsequent surveys following in a triennial cyclic pattern, with
the three domains rotating in their degree of overall emphasis within each passing
assessment cycle. As a result, mathematics was the major focus of the assessment in
2003, in 2012, and will again be slated for 2021. In the intervening assessment
cycles, mathematics is assessed only for trend reporting, with one of the other
domains taking the role of primary focus. PISA also includes measures of general or
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cross-curricular competencies such as problem solving, measured in 2003 and 2012,
and financial literacy measured in 2012.

Unlike TIMSS’s focus on curricular-based knowledge, PISA focusses on
measuring students’ mathematical literacy, envisioned as students’ ability to apply
mathematical knowledge and skills and their developed capabilities to analyze,
reason, and communicate effectively as they examine, interpret, and solve problems
in contextualized settings. In PISA 2009, 34 OECD member countries and 41 partner
countries participated. PISA is the only international education survey to measure
the knowledge and skills of 15-year-olds, an age at which students in most countries
are nearing the end of their compulsory time in school. Although PISA’s results
provide a picture of students’ capabilities, they provide less direct relationships to the
schooling students have received. At the same time, they may provide a better picture
of the future capabilities of nations’ students to cope with everyday applications of
mathematics and science. These results allow countries and economies to compare
best practices and to further develop their own improvements—ones appropriate for
their school systems (McGaw, 2008; OECD, 2004a, 2004b).

In addition to this difference in aim, the PISA governing board is made up of
representatives of national governments or members of their national ministries of
education. Although some of these individuals are researchers, many are policy and
legislative leaders with responsibilities related to reporting on the output of their
nation’s schools and status of the implementation of the approved curricula for
mathematics.

Both the TIMSS and PISA assessments have had their share of proponents and
detractors from within and outside of the educational world. From the foci of the
assessments’ content and the publication of the assessment frameworks to what
students are expected to do in responding to the items and finally to the statistical
analysis and reporting of the data, the studies have created a great amount of interest
in student learning, performance, and achievement (Hopmann & Brinek, 2007;
Kang, 2009; Kilpatrick, 2009; Murphy, 2010; Prais, 2003; Sjgberg, 2007).
Supporting this interest, countries and professional societies have released special
national studies, and the contractors carrying out the assessments have provided
released items and other sample materials available along with other supporting
documentation (Kilpatrick, 2009; materials on OECD/PISA Web site: http://www.
pisa.oecd.org and on the TIMSS Web site: http://timss.bc.edu).

Other International Assessments of Mathematics Education

The Educational Testing Service (Lapointe, Mead, & Askew, 1992; Lapointe,
Mead, & Phillips, 1988) conducted the International Assessment of Educational
Progress (IAEP) with 13-year-olds in 1988, and 9- and 13-year-olds in 1991 with an
expressed purpose of comparing participating countries’ performances with that of
US states through a statistical linking of the National Assessment of Educational
Progress (NAEP) items common to NAEP and IAEP. This analysis showed wide
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variation in the performance of US states, with some performing statistically as well
as the Asian nations, whereas others performed at the level of developing countries
(Pashley & Phillips, 1993). Similar results were found in a special follow-up study to
the TIMSS test conducted in 1998 (Kimmelman et al., 1999; Mullis et al., 2001).

Another international comparative education project was the Kassel project. It
was initiated in 1993 by England, Germany, and Scotland, and later joined by
Australia, Brazil, the Czech Republic, Finland, Greece, Holland, Hungary, Japan,
Norway, Poland, Russia, Singapore, Thailand, Ukraine, and the USA. This project
is focussed on collecting longitudinal samples of pupil work from the participating
countries. As such, it differs from the preceding studies in that it focusses on indi-
vidual student work over time rather than cross-sectional samples of student work.
The analysis of the growth trajectories in these students is then used to ferret out key
factors that lead to successful progress in mathematics within the participating
countries (Blum & Kaiser, 2004; Burghes, Kaur, & Thompson, 2004).

Three other international comparative studies of note are the International Project
on Mathematical Attainment (IPMA) study, the Southern and Eastern Africa
Consortium for Monitoring Educational Quality (SACMEQ) studies, and the First
International Comparative Study of Language and Mathematics in Latin America.

The IPMA study focussed on student progress from the first year of primary
school through secondary school, with data collected concerning student achieve-
ment, methods of teaching, resources available to teachers and students, and the nature
of the curriculum studied. Countries participating for all or part of the study were
Brazil, China, the Czech Republic, England, Estonia, Finland, Greece, Hungary,
Ireland, Japan, Poland, Russian, Singapore, South Africa, Ukraine, the USA, and
Vietnam. Reports from the study are available at (http://www.cimt.plymouth.ac.uk)
and through a summary volume (Burghes, Geach, & Roddick, 2004; IPMA, 2011).

The SACMEQ series of studies report on student performance in reading and
mathematics. The sponsoring organization consists of a consortium of the minis-
tries of education from Botswana, Kenya, Lesotho, Malawi, Mauritius, Mozambique,
Namibia, Seychelles, South Africa, Tanzania (mainland and Zanzibar), Uganda,
Zambia, and Zimbabwe. Starting in 19935, there have been three cycles of assess-
ment, with individual nation reports of recommendations derived from an overall
data set representative of the member nations. The SACMEQ results report on the
achievement of Standard 6 students (12—14 years of age). Cycle 1 reports were
released in 2001, Cycle II reports in 2005, and Cycle III reports in 2010. These
reports are available at the consortium Web site at (http://www.sacmeq.org/index.
htm). SACMEQ began with support from UNESCO and has grown into a self-
sufficient organization through joint support and the development of internal capacity
(Greaney & Kelleghan, 2008; SACMEQ, 2011).

The First International Comparative Study of Language and Mathematics in
Latin America was a project of the Latin American Laboratory for Assessment of
the Quality of Education (LLECE) and involved a consortium of nations consisting
of Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, The Dominican
Republic, Honduras, Mexico, Paraguay, Peru, and Venezuela. The ministries of
education of these Latin American and Caribbean nations were brought together in
1994 through the coordinating efforts of the UNESCO Regional Office for Latin
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America and the Caribbean to develop a study focussed on information on students’
achievements and associated factors that would be useful in establishing and imple-
menting education policies within countries. The OECD has assisted UNESCO in
the actual collection, analysis, interpretation, and reporting of the LLECE data. The
focal content areas for the assessment were the language and mathematics knowl-
edge and skills of third and fourth graders in the participating countries. In addition,
information on a significant number of background and contextual variables was
obtained from the schools and students (Casassus, Froemel, Palafox, & Cusato,
1998; LLECE, 2001). Information on the study and reports can be found at the con-
sortium’s Web site at http://www.llece.org/public/content/view/8/3/lang,en.

International Studies and Educational Policy

Reach of Educational Policy

Comparative international educational research in its purest form involves empir-
ical work aimed at the revision of existing theories of the relationships within or
between educational systems or between variables describing educational systems
and economic indices or demographic data (Carnoy, 2006). If this is the case, how
do the international comparative assessments of mathematics education fit this
model? One might argue that their purpose is to describe student achievement at
national levels. However, such a response would be short sighted. In reality, their
purpose appears to be the creation of a platform for illustrating and relating stu-
dents’ achievement to salient policy variables such as distribution of achievement
across racial and cultural groups, the relative performance of different genders in
mathematical situations, the distribution of resources and teachers across geograph-
ical units, the relationships between the flow of students through the academic
mathematics pipeline, and the relationship of various levels of output to national
needs and labor projections. Within education, the output of such studies is of direct
interest to curriculum experts, teacher educators, and those involved in professional
development programs, and textbook writers and publishers of mathematical learn-
ing materials, as in Kilpatrick, Mesa, and Sloane (2007). Other interested consum-
ers include governmental and policy experts, parents, and the public in general. As
such, the results of national and educational comparative studies is a huge lever for
those involved in educational policy, especially those interested in educational
reform (Kellaghan, Greaney, & Murray, 2009).

TIMSS and PISA Assessment Frameworks

Given the role that the IEA and PISA results play in serving as levers in interna-
tional and national discussions of educational policy, one might examine their geneses
and stated purposes. IEA studies result from a cooperative group of research bodies,
some of which are governmental and some not. In either case, the bodies are research
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oriented first and policy oriented second. The TIMSS studies are closely linked to
instructional processes in classrooms and the curricula of the participating nations.
The mission of the TIMSS assessments is

to provide high quality information on student achievement outcomes and on the educa-
tional contexts in which students achieve. ... [In doing so, TIMSS is dedicated] to providing
countries with information to improve teaching and learning in these curriculum areas.
Conducted every four years on a regular cycle, TIMSS assesses achievement in mathemat-
ics and science at the fourth and eighth grades. The achievement data are collected together
with extensive background information about the availability of school resources and the
quality of curriculum and instruction. (Mullis et al., 2009, pp. 2, 7)

The mission statement for TIMSS places learning outcomes, teaching, and learning
contexts at the forefront, with an implied goal of linking achievement to curricula
and instructional practices.

PISA studies, on the other hand, assess how well 15-year-old students are pre-
pared to deal with contextualized situations where mathematics might provide assis-
tance in finding resolutions. PISA refers to this capability as mathematical literacy
and defines it as follows:

An individual’s capacity to formulate, employ, and interpret mathematics in a variety of
contexts. It includes reasoning mathematically and using mathematical concepts, proce-
dures, facts, and tools to describe, explain, and predict phenomena. It assists individuals to
recognise the role that mathematics plays in the world and to make the well-founded judg-
ments and decisions needed by constructive, engaged and reflective citizens. (OECD,
2010c, p. 4)

Although PISA does not reject curricular links in developing students’ literacy,
the assessment’s primary purpose is the determination and description of students’
capabilities to formulate, implement, and solve mathematical problems.

The linking of TIMSS to teaching and learning and PISA to literacy does not say
that they ignore the other’s main focus. To do so would be a denial of the intrinsic
link between the two goals and the huge overlap of outcomes that are examined by
both programs. Many of the curricular and instructional research objectives in
TIMSS are driven by policy considerations, and many policy objectives in PISA
result in research themes linking PISA findings directly to school programs. In fact,
over the past decade, the two large-scale assessment programs have moved toward
one another in goals and in the nature of the items used in their assessments. In addi-
tion, their role in policy decisions also increased as nations, states and provinces,
and local school districts have looked for guidance in forming curricular plans and
selecting instructional approaches and materials.

Role of International Studies in Shaping Policy

The IEA international mathematics assessments came of age in the 1980s just in
time to fill the increased desire within UNESCO and, later, within OECD for a set
of indicators of student performance. Indicators, viewed as variables taking on values
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which describe inputs, processes, or outputs from the educational enterprise of some
defined country or defined grouping of countries provided a way of quantifying
education. Over time, such indicators became the source of policy, and at the same
time, their values provided another lever for policy change. This recasting of indica-
tors in quantifiable form further spread the influence of indicator systems, especially
those that had linked assessments, as a source of policy initiatives.

Reports portraying indicators from such studies have fuelled governmental
and nongovernmental agency reports on educational outcomes for the past 50 years.
The OECD indicators had their birth in the OECD’s International Indicators of
Education Systems project (INES) in the late 1980s, a movement that coincided
with a shift from research-based assessments of student performance within a nation
to national assessments of educational progress. This shift was very evident with the
maturing National Assessment of Educational Progress (NAEP) in the USA and the
initiation of similar, but newer, assessment programs in New Zealand, Portugal,
Spain, Sweden, and the UK. Central to the growth for the demand for data on educa-
tion was the UNESCO (1990) World Declaration on Education for All recognizing
education as a human right and relating it to the physical and economic health of
nations. Its foci on learning, equity, and supportive environments and resources for
education promoted the need for more policy-based items as part of the background
and demographic sections of national and international assessments (Moskowitz, &
Stephens, 2004; Rutkowski, 2008: UNESCO, 2011).

In 1991, OECD began the publication of annual indices of indicators in its
Education at a Glance series. This provided easy reference for policy analysts to
countries’ profiles, as well as their comparative performances relative to other coun-
tries. The indicators and supporting data exhibit a wide range of outcomes discuss-
ing student performance when parental education, social-economic status, and other
factors are considered and when national performances are adjusted for national
economic indicators (OECD, 2010c).

At the same time, the influence of PISA was growing within OECD nations.
Several non-member OECD nations participated in the 2003, 2006, 2009, and 2012
PISA cycles. This participation multiplied the influence PISA indicators have had
on just the member states by including another group of developed nations and an
even larger group of developing nations. These indicators do not just inform the
leaders of these countries, they assist in the framing of policies and the direction of
reforms. Novoa and Yariv-Masal (2003) noted:

Such researches produce a set of conclusions, definitions of “good” or “bad” educational
systems, and required solutions. Moreover, the mass media are keen to diffuse the results of
these studies, in such a manner that reinforces a need for urgent decisions, following lines
of action that seem undisputed and uncontested, largely due to the fact that they have been
internationally asserted. (p. 424)

Results from PISA 2000 and 2003 indicators supported the development of
national goals for secondary-school curricula in Flemish-speaking regions of
Belgium, strengthening mathematics program implementation by increasing the
numbers of secondary-school mathematics advisors in New Zealand, and allocating
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more resources for the mathematical and science education of prospective primary
school teachers in Sweden (Owen, Stephens, Moskowitz, & Gil, 2004). When the
favourable results of PISA were announced in Finland, rather than reflect positively
on them, the Finnish government moved to harmonize the system and to allocate
more time to core subjects, potentially removing some of the advantage Finnish
schools might be providing their students (Vilijirvi, Linnakyld, Kupari, Reinikainen,
& Arffman, 2002). But, perhaps the most notable effect was the reception of the
PISA 2000 results in Germany. The below median performance in overall literacy
ranking stunned the nation, and German educational authorities called for urgent
reform measures to right the ship and get Germany back on course. This outcry for
reform was based on the argument that the PISA test measures outcomes associ-
ated with the emerging world and its workplace requirements (Ertl, 2006). Again,
a governmental reaction, in this case was based partially on economics and partially
in shock.

Parallel to the growth of indicators and assessments, national educational minis-
try personnel worldwide were becoming active in the administration, development,
analysis, and reporting of findings of their own national assessments and national
reports of TIMSS and PISA. This shift of ministry officials into becoming players
rather than consumers was aimed more at policy issues than research issues. In sev-
eral countries, the shift was also accompanied by a shifting from curriculum ques-
tions and research-oriented issues to sharpening background assessments to answer
other less-curricular-centred issues that were more pressing nationally from a policy
standpoint. This movement, in some cases, weakened the focus on content alone in
favour of more general policy-centred questions within assessments. Within Europe,
first, and then on a broader stage, concern began to arise about the shifting use of
indicators from being a focal point for understanding the educational enterprise to
potentially being used to shape and control the educational systems of nations from
a normative standpoint (Grek et al., 2011; Lester, Dossey, & Lindquist, 2007).

With the advent of multinational industries and the easy international exchange
of knowledge and data, there has arisen a demand for evidence-based research
findings to quantify the adequacy of state or provincial and national educational
systems. This demand is a side product of the advent of reform programs in math-
ematics based on standards (Chatterji, 2002; Steiner-Khamsi, 2006, 2007). Further,
the demand for information in the form of comparative data has grown to the point
where data resulting from the output of large-scale comparative studies can be
viewed as forming international knowledge banks which enter into the processes of
borrowing and lending. This view of the outcome data serving as a knowledge bank
was first broached at an educational meeting at the World Bank in 1996 (Eaton &
Kortum, 1996; Jones, 2004; Jones & Coleman, 2005).

The rise of such international knowledge banks has brought with it two new
major policy influences. The establishment of international means and indices for
outcomes has resulted in funder/donor pressures to move country means above
international averages on targeted indices. This has been especially true in develop-
ing countries. In many cases, such targeted indices are only marginally related to
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national or local goals or to the culture of a given country. Such pressures are most
prevalent in developing countries, where ministries themselves find continued funding
associated with a “harmonization” of their programs and expectations to share the
funders’ knowledge and approaches and to work together with partner countries to
“converge” and improve their programs (World Bank, 2005). With this pressure
from large donors, financial lenders, or policy groups such as OECD comes a change
in their behaviour. They begin to make a shift from being a lender of capital to
becoming a lender of educational policy.

The second shift related to policy is directly tied to the emergence of the large
knowledge banks of studies such as those associated with the IEA and OECD studies.
This shift comes from within the affected countries themselves. As particular indi-
ces are seen as being associated with positive movement and successful transforma-
tion of curricula, national and local politicians and policy makers use the indices of
the knowledge banks as fulcrums for change. Politicians and policy makers turn to
the existence of such study-based indices as external justification for the policy
points they are promoting as needed changes in their national or local programs
(Cussé & D’ Amico, 2005; Grek, 2009; Peters, 2002; Phillips & Ochs, 2003).

Luhmann (1990) and Schriewer (1990) argued that the very existence of rankings
provided by assessments such as the IEA and OECD studies provide a perceived
base of scientific rationality for policy proposals and their public explanation. In
fact, it has been argued that this very perception of the large-scale studies answering
questions about curriculum has led to the lack of other research on curriculum
reforms (Vithal, Adler, & Keitel, 2005). The use of indices as a basis for monitoring
and leveraging change in countries, especially lower-performing nations, often
leads to the declaration of crises and the increase in educational policy “borrowing”
from league-leading nations. Such adoption of other countries’ policies is made
without careful consideration of the internal system supports which have made
the policy successful, the cultural differences between the programs of the lending
and borrowing nations’ educational programs, and the impact such changes
will make on the internal coherence of the curriculum of the “borrowing” nation
(Nguyen, Elliott, Terlouw, & Pilot, 2009; Phillips & Ochs, 2003; Ripley, 2011;
Thomas, 2001).

Policy Convergence

The concept of policy convergence was first introduced by Kerr (1983) as
“the tendency of societies to grow, more alike, to develop similarities in structures,
processes and performance” (p. 3). Over time, many have noted this tendency and
attributed it to a number of causes. Bennett (1991) examined the topic at a level
less general than “societal convergence” in his examination of policy conver-
gence. He claimed that policy convergence should be examined as a movement
from varied positions to a common point over time. In examining the forces that lead
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to convergence, Bennett (1991) posited a taxonomy of four processes that result in
policy convergence in times of change:

1. Emulation. This approach to convergence involves the utilization of evidence
about another’s programs to modify one’s own programs. As it is the adoption of
a blueprint, emulation can explain some policy changes, but not outcomes
themselves.

2. Elite networking and policy communities. This form of policy convergence is
based in the actions of a transnational group of policy makers sharing a common
focus on a policy issue. Unlike emulation, there is shared engagement in working
on and adopting similar policies. There may even be a group charged with dis-
cussing a set of issues around the topic central to an emergent policy; in other
cases, such groups may be self-appointed.

3. Harmonization. This approach to convergence of policy involves interdepen-
dence of the policy-making bodies and the existence of a super-body responsible
for shaping and monitoring the common policy. However, the harmonization
provides a movement together without the need for external controls or over-
sight. The European Community (EC) and OECD were held up as examples of
such linked policy-making bodies. Harmonization requires a balance of relin-
quished autonomy with a hope for a gain in unproductive diversity in cross-
national policies.

4. Penetration. Convergence through penetration occurs when the policy-adopting
bodies are forced to implement an externally developed policy. Examples of pen-
etration exist when nations are forced to implement an international standard or
be closed out of a market. In some cases, this may be the result of harmonization
strengthened to a regulatory system that defines who can participate or benefit in
a given market of human activity—telecommunications, intercontinental avia-
tion, and measurement standards.

It is the latter, and more coercive, types of convergence that are causing concern
among educational policy experts. External loan institutions (e.g., UNESCO,
World Bank, International Monetary Fund) have the leverage of expected improved
outcomes for continued funding. Internal politicians and policy makers have the
leverage of the public press to achieve convergence through public opinion and
political power. Such uses of IEA and OECD data are being questioned in many
quarters of the comparative education and mathematics education communities
(Alexiadou, 2007; Carnoy, 2006; Grek, 2009). The results of research have also
raised doubts about whether curricular convergence-focussed activities result in
increased outputs (Grier & Grier, 2007; Mayer-Foulkes, 2010). Studies of inter-
ventions aimed at convergence have often shown that although convergence to the
mean occurred with several variables, significant, unwanted, and unexpected
increases occurred in the variance of both the focus and related variables. Such
patterns could be very counterproductive in educational settings struggling to
improve across the board.
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Impact of Educational Policy in Different Countries

An examination of national reactions to the release of IEA or OECD data presents
an opportunity to study the actual impact of large-scale international comparative
studies on mathematics education programs at a national level. Reactions to the
release need to be monitored from public, media, and policy levels, as the degree of
knowledge and potential leverage differ greatly among these bodies as one moves
from nation to nation.

In high-performing countries, at least as characterized by the study league-tables,
the reaction has often been one of satisfaction, raised even to the point of self-
congratulation. This reaction is often accompanied by reference to performance on
particular indices comparing their performance with that of other countries. In low-
performing countries, there are public calls for reform, which often take one of two
forms. One is a call for a return to the basics; the other is a call for changes leading
to harmonizing the national program with that of other countries having higher
league-values in indices of comparison that are viewed as desirable. In other
instances, the release in lower-performing countries is a governmental one calling
for change in policy with specific reference to a greater federal role. Sometimes,
action has been called for to fold the perceived needs into supporting an even broader
political agenda involving governmental roles and the roles of public—private educa-
tion within the country. A third reaction is one of indifference, suggesting that the
results are just one way in which one could evaluate the outcomes of the national
system. Such reactions might result in no action, the institution of a study to look
into the results more deeply, or starting a small-scale study or group of projects
examining alternatives without a great deal of fanfare.

Mini-Case Studies of Policy Influence of International Studies
on Mathematics Education

The following mini-case studies of national performance at the Grade 8 (13-year-
old) levels of the IEA studies and the PISA 15-year-old literacy studies present brief
histories of the reactions and policy decisions surrounding the release of results
from these large-scale international comparative studies. Occasional comments will
be made concerning issues tied to either Grade 4 or 12 aspects of the IEA program.
The first country examined is the USA, a country where changes have traversed the
full span of Bennett’s levels of convergence because of reactions to performance in
international studies and recommendations from governmental studies and profes-
sional organizations. Next, Germany and Finland are examined for the differences
they experienced in student results and reactions to public opinions. Finally, some
comments are made concerning Singapore and past and present movements in
mathematics education there.
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USA

Perhaps the region having the most public reactions to study releases has been
the USA, where each national and international assessment has had the same level
of reaction in the media as a major sporting event. These reactions have even trig-
gered national commissions whose reports have also created waves of interest and
policy-related actions.

The USA has participated in every IEA mathematics study at some level. Our
study of reactions to large-scale international assessments in the USA is presented
in three phases: reaction to the 1967 release of FIMS, reaction to the 1987 release
of SIMS, and reaction to the 1995 release of TIMSS and successive releases of IEA
Trend studies and to OECD PISA studies. The USA performed significantly below
the IEA average in FIMS and SIMS, at the international average in 1995, and above
the international average in 1999, 2003, and 2007 (Beaton et al., 1996; Husén, 1967,
Mullis et al., 2000, 2004, 2008; Robitaille & Garden, 1989).

In the OECD PISA studies of 15-year-olds’ performances, the USA performed
no differently from the PISA mean in the 2000 assessment and then significantly
below the international mean in the 2003, 2006, and 2009 assessments (OECD,
2001, 2004a, 2007, 2010a).

Phase 1. Reactions to the 1967 release of the first [IEA mathematics study (FIMS)
began with the New York Times coverage. Although the notion of international
comparative studies was new to the public, curricular and instructional scholars, and
policy practitioners, each group immediately saw the data and findings as potential
policy levers.

The USA was, at this time, about 10 years into the development of new curricular
programs, which originated in the mid-1950s because of a perceived lack of skills
of students entering scientific, technology, engineering, and mathematics study at
the collegiate level. The most notable of these was the School Mathematics Study
Group (SMSG). Although the initial impetus for these new curricular programs had
been the unpreparedness of entering university students in the broad sciences, the
1957 launching of the Sputnik satellite by the Soviet Union was quickly given the
credit for their creation. Financial support for these programs, and others, was pro-
vided by the National Science Foundation (NSF) and materials were quickly brought
to field tests in the schools of the nation (NCTM, 1961, 1964).

These programs, which were backed by many in mathematics education and the
mathematics community, focussed on the development of new textbook series and
supporting materials. School mathematics was to have a greater focus on its underly-
ing structure and the relationship between this structure and the algorithms that had
dominated the content of the traditional programs. Instructionally, there was a shift
from teacher presentation to an approach making greater use of guided discovery and
manipulative materials to illustrate and motivate mathematics learning. Paralleling
this work, the projects, universities, and school districts instituted a number of pro-
fessional development projects for teachers aimed at strengthening their understand-
ing of and capabilities to teach the newer curricula. Parents were also factored into
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the change equation with workshops held in conjunction with school parent-teacher
organizations. The press labelled the entire reform effort the new math.

National reports were issued by the College Entrance Examination Board
(CEEB—Iater to become the College Board) and a group of mathematicians and
mathematics educators looking into the future. The CEEB (1959) Report of the
Commission on Mathematics presented a review of secondary mathematics pro-
grams and made a call for mathematics for all students before turning to its main
point—revising the secondary program for college-capable students. In particular,
the report provided a call for a balanced treatment of concepts and skills with a
stress on deductive reasoning throughout the secondary-school program. It also sug-
gested attention be given to structure, use of sets and functions as a unifying feature,
combined with a functional approach to trigonometry (Jones & Coxford, 1970).

Once the overall program of reform was well underway, the movement was not
without its critics. Foremost among these was Morris Kline (1961) of New York
University and a list of other mathematicians (“On the mathematics curriculum of
the high school,” 1962). This group of mathematicians was concerned about the
undue emphasis on mathematical structure in the reforms, the lack of ties to the real
world, and the lack of reasons for studying mathematics beyond mathematics itself.
Another line of attack came from the Executive Director of the National Association
of Secondary School Principals (P. Elicker, personal communication, January 23,
1962), calling for cutting off of federal funds for SMSG, as it was creating a national
curriculum which would usurp the state and local rights to educational policy. This
trickle of dissatisfaction from some vocal voices in the mathematics community,
coupled with the voices of teachers stressed by dealing with new curricula, and
joined by the dissatisfaction of parents unable to assist their children with home-
work viewed as unfamiliar and abstract, set the stage for change.

The release of the results from IEA FIMS was accompanied by a headline on the
first page of the March 12, 1967, New York Times which read: “United States Gets
Low Marks in Math.” This headline, and the accompanying report that the USA had
finished 11th out of 12 at the 13-year-old level and 13th out of 13 at the final year
secondary-school level, cast a significant blow to the reform movement in school
mathematics in the USA. The trickle of dissatisfaction turned to a torrent, with crit-
ics pointing to a downplaying of the “basics” or arithmetic facts and computational
algorithm proficiency as the culprit. A crisis was proclaimed, the FIMS results
served as the lever, and the result was a backlash against curricular reform in school
mathematics.

Jeremy Kilpatrick (1971) presented a thoughtful analysis of the FIMS study, not-
ing especially the tradeoffs that a researcher makes in moving from very small sam-
ples to a large sample where the notion of the context of student learning is lost.
Students’ opportunity-to-learn stood out as a salient, researchable topic to pursue in
secondary and follow-up studies. It was clear that US students had far less exposure
to advanced topics, and more review of previously studied topics, at both the
13-year-old level and at the final year of the secondary-school level. Further, student
performance on advanced topics indicated that they were potentially teachable and
learnable at the levels where assessments were given.
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The following decade brought work on redefining the basics, based in many
cases on curricula from other countries. This work resulted in a gradual expectation
for a greater focus on algebraic and geometric content in the middle school. More
importantly, it led to the NCTM developing, with wide feedback, its 1980 An
Agenda for Action which laid out a new broad conception of the basics in school
mathematics and moved problem solving to a pre-eminent position in the curriculum.
The Agenda endorsed appropriate uses of technology in the curriculum and recom-
mended that assessment of students be expanded beyond the traditional algorithmic-
based approaches. Further, the Agenda called on teachers to exhibit greater levels of
efficiency and effectiveness in their instruction.

Employing Bennett’s (1991) model for convergence, one might indicate that the
period from 1967 to 1980 was a period of reflection and emulation. Although there
were smaller cycles of focus on manipulatives and the appearance of hand calculators
during the interval, the policy focus was on defining a new way forward in school
mathematics based on looking at others, learning from the first findings of the fledgling
National Assessment of Educational Progress which released its first findings in the
early 1970s, and developing a more policy-oriented outlook in the mathematics and
mathematics education community. As there was no national department of education
in the federal government at this point, the focus was on opening a conversation
and providing a model, the Agenda, that the profession could examine and debate.
The emergence of the professional community and its contacts at the first interna-
tional mathematics education congresses with leaders from other nations and the
emergence of the research community in mathematics education during this same
period began to lead toward the formation of elite networks of policy-minded indi-
viduals in the mathematics and mathematics education communities.

Phase 2. The Agenda ushered in a decade of work which ultimately resulted in
the development and release of NCTM’s Curriculum and Evaluation Standards for
School Mathematics in the spring of 1989 (McLeod, Stake, Schappelle, Mellissinos,
& Gierl, 1996). Across the 1980s, prior to and immediately following the release of
the influential Nation at Risk report (National Commission on Excellence in
Education, 1983) calling for reform in US education, the NCTM, along with other
major mathematical groups, had been moving toward drafting a statement of what
students should know and be able to do as a result of their mathematics education.
This process was guided by an emerging group that Bennett (1991) would term an
elite. Formed by educationally-oriented members of the mathematics community
and leaders of the National Council of Teachers of Mathematics, this group worked
to form a community of teachers, researchers, and scholars fuelled by the notion of
improving school mathematics and making the reform stick.

The report of the 1986 NAEP, The Mathematics Report Card: Are We Measuring
Up? (Dossey, Mullis, Lindquist, & Chambers, 1988), noted growth in students’
mathematics achievement since previous NAEP assessments. But the report also
noted that students were frequently unable to work straightforward problems involv-
ing concepts of which they should have full command at their grade level. Since this
was the first report of US student achievement after the Nation at Risk report and the
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release of the results of the 19-nation IEA’s Second International Mathematics
Study (SIMS) in the January 1987 publication of The Underachieving Curriculum
(McKnight et al., 1987), the nation could have shifted immediately into a crisis
mode (K. J. Travers, personal communication, July 4, 2011).

However, the US mathematics community and mathematics education community,
in conjunction with the National Research Council, had formed the Mathematical
Sciences Education Board (MSEB) in 1985 to coordinate the nation’s response to
the underperformance in mathematics education. The MSEB was structured to be
broadly representative of the mathematics community from elementary school
teachers to distinguished university professors, representatives of state and local
boards of education, employers from the scientific and technological sectors, and
representatives of teacher, parent, and policy groups. In January 1989, the MSEB
released Everybody Counts, which set the stage for what US mathematics education
programs needed to do, based on research and comparative studies, to reach the goal
of mathematics for all and the goal of an increased flow of qualified students at all
levels along the mathematics pipeline. This document served as a policy precursor
for the release of the NCTM Curriculum and Evaluation Standards for School
Mathematics in March 1989. This release was met with positive comments and a
lack of crisis focus. States signed on to the standards, and within three years all but
a few states had changed their curricular frameworks to parallel the recommenda-
tions of the NCTM standards.

This was a tremendous step forward for mathematics education policy in the
USA. Although the nation now had a Department of Education, direction of schools
was still vested in the state departments of education, which, to a large degree, abro-
gated their responsibilities for curriculum to the leaders of over 15,000 separate
school systems spread across the country. This vast and dispersed responsibility for
mathematics education at the local level has been a major and defining feature of US
mathematics education. The appearance of the Curriculum and Evaluation Standards
(NCTM, 1989), and the year-long public vetting of the draft with special attention
paid to state departments of education, led to 46 states setting or modifying, within
three years, their written state curricula to parallel the recommendations of the final
standards document. Further, professional development materials and training ses-
sions were provided to educate leaders to talk about the standards and work with
state and local school districts in implementing the standards at the local level. With
this effort and the formulation of the MSEB and its work with NCTM, the policy
community focussed on convergence of the mathematics education curriculum and
attempts at convergence moved to the harmonisation level of Bennett’s (1991) tax-
onomy. Leaders of the mathematics, mathematics education, and policy communi-
ties met regularly to shape and monitor activities aimed at strengthening US school
mathematics. Although not everyone supported the standards-based movement,
there was focussed change afoot.

Phase 3. Subsequent releases of the IEA documents from TIMSS and from the
IEA Trends studies in 1999, 2003, and 2007 were viewed as signals of distances to
go, but not as imminent crises. The same could be said for the release of the OECD
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PISA studies of 2000, 2003, 2006, and 2009. The scores show consistent
underperformance at the OECD level. Although each release was met with media
proclamations which spoke of doom and despair over the state of education,
especially in reading, mathematics, or science, little direct action was taken at the
local level. Teachers were involved in professional development, and the updating
of the NCTM standards with recommendations shaped ever closer to grade/age-
level expectations appeared as the Principles and Standards for School Mathematics
(NCTM, 2000).

In Washington, DC, the situation was different. With the change of administra-
tions in 2000, President George Bush pushed for and won legislative approval for
his No Child Left Behind (NCLB) law that created a mandatory national testing
program which held schools accountable for achieving specific and increasing lev-
els of performance. Those levels were keyed to a new NAEP framework for math-
ematics that called for increased focus on algorithmic skills and a lessening of
attention to measurement, geometry, and probability as targets for the NAEP assess-
ments. In addition, the legislation moved the NAEP to an annual testing program
for all students in Grades 3 through 8 and at one level in secondary school. The law
further instituted a requirement that all states ensure that the schools under their
aegis bring their students up to the “proficient” level of performance by 2014 (Olson,
2004). Intervals defining below basic, basic, proficient, and advanced levels of
performance were defined psychometrically via achievement-level-setting proce-
dures working with the individual NAEP items, student percentages, and Item
Response Theory (IRT) parameter information (Pellegrino, Jones, & Mitchell,
1999). This focus on accountability by achievement levels had been growing
across the 1990s parallel to the implementation of the NCTM standards, but NCLB
brought it front and centre.

With the institution of the NCLB law, the federal NAEP testing program, and its
framework, one had the essence, at least, of penetration in the policy community.
However, at the time of this writing, the lasting impact of this legislation and its
punitive aspects for schools that fail to achieve raising their students to the proficient
level by 2014 is uncertain, as legislative forces are afoot to change NCLB. The path
to convergence that had its roots in the IEA release of the FIMS data, the growth of
the policy community within the mathematics and mathematics education commu-
nity through NCTM, MSEB, and the many state mathematics teacher groups, and
the success of the standards showed a pattern of harmonization. However, the impact
of the NCLB, the insertion of a NAEP assessment system not harmonized with the
NCTM (1989, 2000) standards, but having punitive outcomes for noncompliance
illustrates the power of the existence of policy groups which have the ability to force
convergence through penetration.

At the time of this writing, US schools are working through another policy-
induced change to the mathematics curriculum and state level assessment systems.
In 2010, the Council of Chief State School Officers (CCSSO) and Achieve, an orga-
nization formed in 1996 by the state governors and corporate leaders and focussed
on educational reform, released their Common Core State Standards for School
Mathematics (CCSSM) (see CCSSO & NGA, 2010; Porter, McMaken, Hwang, &
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Yang, 2011). This set of recommendations was immediately adopted by 40 states as
their state-level standards for school mathematics for K-12 public schools. As such,
the CCSSM provides the framework for expected mathematics outcomes and
becomes the state-level proxies for meeting the NCLB goals for student progress
toward proficiency. Although it is too early to judge the impact of this rapid inser-
tion of new materials into the mathematics reform and policy mix in the USA, it
clearly shows that convergence by insertion is the order of the day, with the impetus
for structural change originating outside the professional mathematics education
community. Time will tell the outcome of the NCTM (1989, 2000)-standards-led
move to convergence of the K-12 mathematics education curriculum in the schools
of the USA and the influence of the CCSSM movement on the trajectory the NCTM
standards engendered.

Germany and Finland

Although Germany and Finland are close geographically, their experiences with
the PISA assessments and policy reactions are quite dissimilar. Both countries place
a high value on public education but toward different ends. Neither had been consis-
tent participants in the TIMSS 13-year-old (eighth grade) level assessments from
1995 forward. Germany had an eighth-grade ranking of 23rd out of 41 countries
in 1995, whereas Finland had an eighth-grade ranking of 14th out of 38 countries in
1999. In PISA, both countries participated in each assessment from 2000 forward.
The countries’ performances can be viewed in terms of place ranking out of the
number of participating countries or by their PISA mathematical literacy score.
Using this notation (ranking, literacy score), Germany’s results for the four assess-
ments were as follows: 2000 (21/41, 490), 2003 (19/40, 503), 2006 (17/48, 504),
and 2009 (16/65, 513). Finland’s results were: 2000 (5/41, 536), 2003 (2/40, 544),
2006 (1/48, 540), and 2009 (6/65, 565).

Germany. Germany’s students’ performances in 2000 through 2006 were met
with public outcries, and the nation was caught up in rethinking its educational
structure, what other factors might have influenced the scores, and a myriad of other
possibilities (Miserable Noten flir Dekutsche schiiler, 2001; OECD, 2002; Stanat
et al., 2002). Finland, on the other hand, had high performances, and its citizens
were hardly aware of the PISA assessment program or their students’ achievements.
The different reactions are reflective of the countries’ cultures and their approaches
to educating their children. However, the policy reactions are somewhat surprising.

Prior to this time, Germany’s education expectations were organized at the state
level, with each state developing and monitoring school outcomes within their own
Léinder. The reaction was swift to the 2000 and 2003 findings. By 2003, there was
areport outlining recommended standards and assessments by which these expecta-
tions would be monitored (Klieme et al., 2003). This report was passed through the
Standing Committee of Léinder Ministers in December 2003 and became the law of
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the land for implementation with the 2004-2005 school year. This was change, and
unanimous change, at an unprecedented pace for German education. Unlike other
reforms, the trade unions and businesses and industry quickly endorsed the changes
as well (Ertl, 2006). As a result, new curricular guidelines and texts had to be devel-
oped and teachers provided with professional development relative to the imple-
mentation of the new goals. Individual states in Germany still had the authority to
react to the strictures of the new standards in their own fashion. Educators in
Germany felt that the changes within the mathematics curricular recommendations
moved the curriculum closer to an empirical and practice-focussed conception than
to the more didactical-cultural conception that had defined German education
(Bohl, 2004). The conception of OECD literacy as an outcome was not central to
German schooling prior to the reactions to the national PISA outcomes. This, com-
bined with the notion of developing the competencies associated with the individual
disciplines sampled by PISA, has furthered the stress in moving from traditional
approaches to schooling (Sloane & Dilger, 2005).

The process and changes that resulted in the convergence observed in Germany
was a significantly compressed version of that observed in the USA. In the USA, the
transitions occurred over a period of 40—50 years in moving from the uncoordinated
curricula of the early 1950s to the adoption of standards-based outcomes by the
states in the late 1990s. In Germany, these transitions were compressed into little
over a 4-year span. Given that many of the mathematics educators in Germany were
well linked to others in the international mathematics education community and that
the notions of competencies defining outcomes were part of the experience in
Germany’s neighbouring country of Denmark (Niss, 1999; OECD, 2003), clearly,
communication was already in place between the leaders of the curricular areas in
German education and other international policy players at the start of the period of
reaction to the PISA results. However, the reflective convergence that usually
accompanies change resulting from harmonization was sharply curtailed by the
quick institution of new standards by the ministers of culture and education in 2003.
Germany is a case where the Ldnder ministries and educational administrators were
handed the new standards almost as a fait accompli to be inserted into a new nation-
wide mathematics curricular structure.

Not all sectors of the education establishment were happy with the decisions
made by the ministers and the move to standards-based outcomes. Ertl (2006) noted
that the

Federal Ministry’s post-PISA agenda seems to be firmly focused on raising national educa-
tional standards by pursuing measures that will improve Germany’s low ranking in the
PISA league table. It places less emphasis on the solution of the other major problems
identified by PISA, the strong connections between the socio-economic background of
students and their education achievement. (p. 630)

Finland. The situation in Finland, contrasted with that in Germany, shows
another country where education was valued, but the philosophical view of the
process was different. Finland did not participate in TIMSS 1995 but did participate
in 1999, where their Grade 8 equivalent students performed significantly higher
than the IEA average performance in mathematics for this level (Mullis et al., 2000).
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Finland’s performances in the OECD PISA assessments have been stellar, with its
students attaining the highest non-Asian country performance in each of the PISA
assessments from 2003 through 2009 (OECD, 2001, 2004a, 2007, 2010b).

Finland’s student achievements in the TIMSS and OECD assessments have gar-
nered considerable kudos in the international education community and the public
press. This focus has brought attention to the differences in both curricular pro-
grams and quality of instructional staff found in Finnish schools. Many have asked
what factors led to their consistently high achievement on the PISA mathematical
literacy assessments. To answer that question, one can start with the fact that Finland
has a National Board of Education (FNBE) which oversees the educational enter-
prise of the nation. Starting with the 1985 mathematical curricular framework, the
FNBE started a movement away from the comprehensive school with a strong core
curriculum in mathematics for Grades 1-9. Although the board still provided a
framework with four mathematical strands (number concepts, expressions and
equations, geometry, and applied mathematics), the focus shifted from an emphasis
on basic concepts and structure to one emphasizing problem solving, applications,
and everyday uses of mathematics. This change was accompanied by professional
development for teachers on teaching through problem solving and the use of
projects to involve students in using their mathematics to solve problems from
everyday settings. Follow-up research indicated that this movement was a partial
success, but it succeeded in moving teachers to teaching only about problem solving,
not through problem solving.

To further aid teachers in the transition, the FNBE and the municipalities pro-
vided teachers with more professional development, publishers produced problem
booklets keyed to grade levels, and special emphasis was given to Japanese-style
“open-problems.” This change moved the agenda on problem solving and realistic
applications of mathematics further. The biggest change which might have affected
the PISA results, was the release of a revised framework for mathematics by the
FNBE in 1994. This action decentralized the curricular oversight by removing
the listing of specific content and turned the task of developing the mathematics
curriculum over to the local schools’ teachers. The FNBE did provide guidance that
teachers should still examine the traditional content critically and thin the curricu-
lum of material that did not have any use in the further development of mathematics.
The FNBE also stated that Grades 1-6 should master the basic concepts and be
capable of performing calculations on paper, mentally, and through the use of a
hand-calculator (Kupiainen & Pehkonen, 2008).

In 1999, Finnish education officials provided schools with a marking guide
scaled from 4 (reject) to 10 (excellent) with advice to move students to at least the
8 (good) level. Although there is no national assessment used to place each student
in an achievement level bracket for mathematics, Finland does have an assessment
given to a representative sample of ninth graders. These papers are analyzed, pub-
lished, and discussed. Further, individual schools can buy copies of these tests to be
given locally and then compare their results, and marks, with those given on the
national sample of tests. This information helps provide a degree of uniformity to
outcomes at a national level. There is also an assessment given to a sample of sixth-
graders every fifth year.
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When Finnish educators reflect on what has enabled their system to perform so
well, they cite the following factors: their comprehensive educational structure with
heterogeneous grouping of students, the societal focus of the schools with free
healthcare and cohesive group-focussed structure, the use of specialist teachers of
mathematics at lower grades in many schools, the focus on equity and Co-operation
rather than competition, the focus on problems and the use of mathematics, wide-
spread student belief that they can solve problems, and the strong and supported
corps of teachers (Kupiainen & Pehkonen, 2008; Malaty, 2006; Rautalin &
Alasuutari, 2009; Sahlberg, 2010).

Teachers in Finland had a more advanced education than their peers in most
countries, and this education is balanced between content knowledge and content-
based pedagogical knowledge. This advanced preparation for their teaching and for
the professional ways in which they approach the tasks confronting them has
resulted in teaching being one of the most respected careers in Finland. This
confidence in teachers as a whole has allowed them to plan and implement curricula
and assessment programs fitting to their individual schools.

Other nations might note the heavy focus on equity and Co-operation—not choice
and competition—in Finnish schools. Also, when teachers are provided government-
paid educational preparation and are given significant recognition and public backing
for their work, teaching becomes a desired profession by well-qualified individuals.
Although Finland is reticent to say “Do this and you, too, can have high scores,”
their Ministry of Education has reflected on the differences in Finnish education and
tried to provide some background that might explain the cultural differences and
practices as reasons for their performances (Hautamaki et al., 2008).

As in other countries, there is some concern about the high PISA scores from the
mathematics community in Finland. Citing students’ recent low performance on
graduation tests, members of university faculty argue that PISA provides a view of
everyday mathematics and note the value of such knowledge, but also argue that
such knowledge does not include advanced concepts and skills in algebra and other
core subjects necessary for study and gainful employment after secondary school
(Astala et al., 2005).

That said, there is still concern about the influence of outside forces on Finnish
education (Grek et al., 2011; Rautalin & Alasuutari, 2009). The development of the
Finnish system of education and the changes made between 1985 and 2000 were
based on within-country self-study and the selective importation and emulation of
practices seen to work in other countries. These imports were carefully woven into
the curricular and professional development work provided for teachers. The OECD
PISA results are seen with some distrust, as they come with a cloak of data and
information, but bear the impact of scientific truth. Researchers notice that statisti-
cal comparisons can often lead to the emulation of some practice of a country placed
above the average of other countries (Rautalin & Alasuutari, 2009). Such compari-
sons and interpretations then become levers for change. In fact, in Finland, the out-
come that Finnish student achievement levels had the least variance as a system in
the PISA assessments was read as suggesting that perhaps there should be more
attention paid to the top students, perhaps they could achieve even more. Although the
Finnish take the homogeneity as one of their strengths, the numerical interpretation
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can be used to suggest a failing. In reaction to the 2000 results, Finnish officials
decided to add more emphasis to the curriculum and instituted a call for more core
subject influence (Vilijarvi et al., 2002). Hence, the numerical results suggested a
possible weakness, and hence, even in the face of superior achievement, changes
antithetical to the historical culture of Finnish education were made.

In Finland, we again see a country growing out of its own educational history
through emulation to develop a system drawing on the best practices of other coun-
ties and schools within its own borders. The FNBE directives on curriculum made
changes across the 1980s and 1990s consistent with programmatic changes in other
countries that seemed to fit Finnish schools, but did so by modifying those practices
to the culture of Finnish education. Although this approach led to harmonization
through curricular guidance, the Finnish Ministry in 1985 backed off a bit in decen-
tralizing the education system to provide more local control of curriculum within
broader guidelines. It was only with the numerical results dealing with the homoge-
neity of results across the Finnish student body in the PISA assessment that one saw
outside influence reach Finland in the form of indicator influence inducing local
policy. Although the influence did not have the impact of penetration noted in
Germany, this is an instance of convergence of education structure as a result of
international assessment and indicator results.

Singapore

Asian student performance has dominated the achievement charts as their countries
have held the majority of top rankings in the international large-scale assessments
of mathematics performance since their inceptions in the middle 1980s. Asian
students’ stellar performances have originated from Hong Kong, Japan, Korea,
Macau, Singapore, Taipei, and most recently Shanghai. Despite their high rankings
in international assessments, Asian countries have not been complacent with their
current education systems.

Singapore did not participate in the FIMS or SIMS studies; rather, it made its
entry with the TIMSS 1995 study. In 1995 through 2007, Singapore’s students per-
formed in the top group of countries and had the highest means, with the exception
of the 2007 study, when Chinese Taipei had the highest numerical position but not
significantly higher than that of Singapore (Beaton et al., 1996; Mullis et al., 2000,
2004, 2008). In the OECD studies, Singapore, a non-OECD country, has participated
in only the 2009 assessment. The Singapore students finished second numerically but
not significantly lower than the students of Shanghai-China (OECD, 2010a).

In Singapore, the gap between the intended and the implemented and achieved
curricula is small. This alignment results from a close monitoring of teacher progress
and student achievement. There is a strong and articulated program of professional
development that parallels the curriculum, providing important, grade-specific sug-
gestions in the same time frame where teachers can immediately implement them in
their classrooms (Kaur, 2009). The Singapore Ministry of Education noted three
problems emanating from the TIMSS findings. The first was that students did not
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perform well on mathematics that they had not specifically learned and practised.
The second was student difficulty in transferring learned knowledge to different
contexts. The third dealt with comprehension problems rooted in language issues
which arose when unfamiliar words appeared in problems. All three of these
issues have found their ways into curricular reform for mathematics in Singapore.

Singapore leaders feel that the results of the studies can provide fresh perspec-
tives and benchmark their performance relative to other countries. However, there is
some fear that the high performance levels may lead to feelings of complacency
relative to local standards. Singapore feels that such participation provides opportu-
nities to participate in other international comparative projects which have the pos-
sibilities of enriching their programs. In particular, they have participated in the
Kassell project, the multinational IPMA, and a bilateral project with Brunei
Darussalam. Singapore mathematics educators also participate in study tours to
other countries and attend conferences of professional mathematics groups interna-
tionally. All of these efforts are viewed as adding new vistas to their program’s
possibilities (Wong, Lee, Kaur, Yee, & Fong, 2009).

Unlike other top-performing Asian countries, Singapore students not only per-
formed well in mathematics, they also displayed a positive attitude towards learning
mathematics. The high performance of Singapore students attracted the attention of
many Western mathematics educators. The Singapore mathematics curriculum and
textbooks have been the focus of a number of studies aimed at identifying factors
contributing to the high performance of Singapore students (American Institutes for
Research, 2005). Such focussed cross-cultural studies are examples of many small-
scale international comparative studies initiated as a result of TIMSS and PISA
findings. These again are illustrative of attempted emulation and harmonization pro-
cesses under Bennett’s (1991) model of policy convergence. But this time, other
countries want to learn from Singapore’s success story.

Concerns Regarding the Impact of International Studies

From the case studies, it is clear that international studies have had, and continue
to have, a strong impact on policies for a number of countries. Although such an
impact may lead to positive outcomes for mathematics education, there could also
be consequences from international studies that are damaging to mathematics
education. A critical review of the impact of international studies is essential. The
following presents a discussion of concerns regarding the possible impact of inter-
national studies.

Concerns Regarding Statistical Precision of the Results

It is not unusual for policy makers to draw quick conclusions by looking at the
change in country rankings from one assessment cycle to another. For example, if
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the ranking (or the country mean score) is worse than for the previous cycle, there
may be an immediate outcry about the decline of mathematics standards in the
country. This outcry in turn could lead to policy changes. What the policy makers
have often missed is that there is always a margin of error in any reported measure.
Although those who conduct international studies take great pains in articulating the
confidence level surrounding performance measures, these margins of error are
often ignored. A policy change may be totally unwarranted, as the change in coun-
try ranking could simply be the result of random fluctuation due to the sampling of
students (Wu, 2010a, 2010b).

Concerns regarding inferences on causal relationships. International studies
such as PISA and TIMSS are cross-sectional sample surveys. Such survey designs
are not powerful in establishing causal relationships. Even though student and
school background characteristics are captured and correlated with achievement
measures, positive correlations do not establish causal relationships. A positive
correlation between students’ interest in mathematics and test scores in mathematics
may be expected. Butitis difficult to conclude whether higher interest in mathematics
leads to higher achievement, or in fact, higher achievement raises interest. Similarly,
better school resources could be positively correlated with higher achievement. But
there could be mediating variables such as student socio-economic status (SES) that
explain both student achievement and school resources. For example, private schools
may have better resources and higher achievement scores, but both could be due to
the higher SES of students in private schools. In general, translating survey results
into policy measures relies on many assumptions and hypotheses. Some policy
changes in response to international study results may be completely off the track.

Concerns regarding using mean scores only. Often the main focus on results
of international studies is the country mean score. Although the mean score
summarizes overall performance, it could be the case that a country has a large
group of low achievers because of geographical remoteness or immigrant
composition. That is, the lower mean score could be the result of specific factors
rather than an inefficient education system across the board. Policy changes need to
take into consideration a myriad of indicators and not just the ranking and mean
score of a country. The emphasis on ranking and mean scores, often fuelled by the
media, could lead to inappropriate policy changes (Hutchison & Schagen, 2007).

Concerns regarding policy convergence. Although there is a great deal of benefit
arising from collaboration, whether internationally or between local communities,
there are also a number of concerns in “borrowing” from other education systems, be it
the curriculum, assessment, or a management approach. In Bennett’s (1991) model,
policy convergence in the form of emulation appears to be the most flexible, and
penetration appears to be the most rigid. An authoritarian approach to enforcing
standards may work well, provided the standards are sound. The mini-case studies in
this paper show that there are significant differences between education systems
across the world, and that there are different success models. Finland has clearly
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showed that a decentralized system with little emphasis on standardized testing can
lead to high education attainments, whereas East Asian countries with highly
centralized and examination-based education systems are also top performers. What
works for one country may not work for another country because of cultural
differences and local conditions. This variability is also the case for policy
convergence within a country. A national curriculum brings uniformity across states
or provinces but stifles diversity and innovation. If education systems are regarded
as business models, then the importance of diversity and competition cannot be
ignored, as educators have learned from the political and economic arena. When a
borrowed system does not fit well within an education community, the consequence
could range from a waste of resources to serious damages to the education system
(Vithal et al., 2005).

Concerns regarding the use of assessment to drive teaching and learning.
Assessments of students should be undertaken as an evaluation of the outcomes of
education. Assessments should be designed around teaching and learning, and not the
other way round, where teaching and learning are designed around assessment. This
direction of design is important as there are important differences between teaching
and assessment. One may design an authentic task in assessment where multiple skills
are required to solve a problem, but to teach those skills, basic building blocks of
skills need to be taught separately, and often in a context-free mode. Only when
students have mastered individual skills can they combine the skills and apply them.
That is, the way mathematics is taught may be at variance with the way mathematics
is assessed. As international studies like PISA and TIMSS are assessments, the
adaptation or adoption of the PISA and TIMSS assessment frameworks as curriculum
frameworks may not be desirable. For example, as PISA focusses only on problem
solving and application in everyday settings, it would be an error for curriculum
designers not to include skills involving abstract mathematics as well as basic
foundations of mathematics which are often context-free. There is a particular
concern when, in order to improve a country’s international test scores, the curriculum
is changed to match the assessment frameworks of the international assessments.

Additional comments relative to design, interpretation, difficulties in conducting
cross-cultural studies, and the drawing of inferences were the focus of a symposium
held by the Board on Comparative Studies in Education at the National Research
Council in Washington, DC, in 2000 (Porter & Gamoran, 2002).

Retrospective

It is generally acknowledged that international studies such as TIMSS and PISA
have an enormous impact on educational policy debates, if not on the policies them-
selves (Figazzolo, 2009). However, it is not always straightforward to identify the
impact of international studies on policies since many policy changes are influenced
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by international assessments in subtle and indirect ways. Sometimes policy changes
evolve over a long period of time, moving slowly and thoughtfully through each of
the steps to lasting educational reform. In such cases, it is difficult to attribute a
specific lever that triggers a policy implementation. In other cases, media-induced
crises lead to rapid, and often thoughtless, reforms lacking foundations in either
research or practice. In this chapter, we have reviewed national and local reactions
to international studies that are quite public, as well as political and economic pro-
cesses whose implications are less overt but nevertheless important in influencing
policies. Below, we provide a summary of different kinds of policy implications of
international studies.

First, results of international studies have been used as policy levers. This trend
has been increasing with recent data releases, most notably in the USA, Germany,
and Japan. In some cases, the results are used simply as an opportunistic justification
for some policies that have already been rolled out. In other cases, new policies have
been devised in direct response to the poor performance of students. The policy
changes range from changing curriculum content to providing resources to
schools.

Second, international studies have been used as performance measures to gauge
the success or otherwise of a policy. For example, a policy might be linked to an
international study through the setting of a target level of a country’s performance
in the study. More recently, national achievement measures have been used as eco-
nomic incentives or indicators by international funding organizations working with
developing countries.

Third, international studies have provided a wealth of data and, with that, oppor-
tunities for mathematics education researchers to carry out in-depth analyses rang-
ing from classroom climate, gender equity, to curriculum design. Many of these
studies are funded by policy bodies with a view that these analyses may influence
policies down the line, even if there may be no immediate policy changes based on
the research findings. The authors of a number of chapters in this handbook have
discussed the link between mathematics education research and policy
implementation.

Fourth, international studies such as TIMSS and PISA have led to further trans-
national dialogs between researchers in assessment, curriculum, and instruction. In
Bennett’s (1991) model of policy convergence, these are examples of emulation and
harmonization.

Fifth, international studies have increased an awareness of the use of student
performance measures, and, in some cases, led to the establishment of national sam-
ple-based or full-cohort standardized tests. Such enforced tests are examples of
Penetration under Bennett’s (1991) model where, by law, achievement targets from
the tests are set.

International studies have had both positive and negative impacts. On the one
hand, it is encouraging to see increased discussion and debate on curriculum content
in mathematics, teaching strategies in the classrooms, assessment methodologies,
and a rethinking of the values and goals of education more generally. The discus-
sions have certainly stimulated a great deal of reflection, evaluation and constructive
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criticisms. These have been positive outcomes from international studies. On the
other hand, there have also been hasty reactions to study results and rash policy
decisions based on unfounded inferences. In particular, the media and some policy
makers have been prone to brush aside caveats clearly stated in the study reports, to
ignore the degree of confidence one can have in the measures, and to launch into
actions that have been typically politically motivated. There are often policy mea-
sures that are quick fixes to improve test scores rather than for long-term investment
for a better education. These are examples of the negative impact of international
studies.

Hopefully, the outcomes of international studies have fostered curricular consid-
erations and productive changes, a careful reflection on cross-cultural comparative
methodology, and steps to the improvement of student learning of mathematics
worldwide. Researchers and policy-inclined individuals in the mathematics educa-
tion community need to ask what should be and what are the policy ramifications
associated with the TIMSS and PISA assessments, as well as those associated
with other international and national assessments of mathematics education.
What are the benefits that can be obtained from a careful analysis of the tests,
curricula, instructional patterns, opportunity-to-learn, instructional materials and
other resources, teacher preparation and professional development and support
programs, and related research findings? What are the positive and negative effects
resulting from borrowing and promoting the TIMSS and PISA frameworks for
developing countries and inducing the insertion of these frameworks into national
curricular framework discussions? These questions shape an agenda for mathe-
matics education and policy researchers to examine in the coming decade, as the
role of international assessments will surely continue to grow in the number and
range of nations participating and in the sources of important indicators chosen
(Jones, 2005). For mathematics educators to dismiss the powerful force such
assessment programs have on educational policy decisions worldwide would be a
dangerous mistake from cultural, mathematical, and educational perspectives.
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