
Chapter 4
Results: Evidence for the Globalization
of Science Curricula from TIMSS

Abstract In TIMSS, participating education systems are asked in the curriculum
questionnaire which TIMSS science topics are included in their intended science
curricula. By coding the changes in countries’ responses, some measure of the
changes in national science curricula between 1999 and 2015 (for Grade 8) and
between 2003 and 2015 (for Grade 4) may be determined. Countries can also be
categorized by how stable or changeable their curriculum is on the basis of the
number of changes they have made to their curriculum, the average number of
curriculum changes at Grades 4 and 8 for each TIMSS cycle and the topics common
to the vast majority of participating countries’ intended science curricula. The
analysis found there was considerable variation among countries in terms of the
number and nature of changes they made to their science curriculum between 1999
(2003 for Grade 4) and 2015. Cluster analysis and discriminant analysis revealed
which science topics were most discriminating in terms of predicting country
clusters. For both grades, and for each TIMSS cycle, the analyses produced two
groups of countries based on responses to the curriculum questionnaire. The cluster
and discriminant analyses provide stronger evidence for convergence in science
curricula over time at Grade 8 than at Grade 4. The implemented science curriculum
of 15 countries was examined in more depth using the TIMSS teacher questionnaire
responses; due to difficulties in obtaining robust comparable data for countries
across the different TIMSS cycles and the significant caveats that would have
applied to any conclusions drawn from these analyses, these data are not
considered.
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4.1 Coding of Curriculum Questionnaire Data Results

4.1.1 The Extent of Change in Countries’ Science Curricula
Over Time

By coding the changes in countries’ responses to which TIMSS science topics are
included in their intended science curricula, it was possible to identify the extent to
which countries’ intended science curricula had changed between 1999 and 2015
(for Grade 8) and between 2003 and 2015 (for Grade 4). We found considerable
variation in the extent to which countries’ intended science curricula had changed.
At both Grade 4 and Grade 8, a number of distinct groups of countries could be
identified from the data. These ranged from highly stable (fewer than three changes
to TIMSS science topics included in countries’ intended science curricula over the
period of comparison) through to highly changeable (more than ten changes to
TIMSS science topics included in countries’ intended science curricula over the
period of comparison).

In this coding exercise, a change to a science topic could either be its removal
from the intended curriculum, its addition to the intended curriculum, or a change in
emphasis for the science topic in the intended curriculum. A change in emphasis
could be an increase in emphasis; for example, previously it may have been taught
only to the more able students but is now intended to be taught to all or most
students. Alternatively, it could be a reduction in emphasis; for example, previously
intended to be taught to all or most students but now only intended to be taught to
the more able students.

We coded these changes for all the countries that participated in both the 2003
and 2015 TIMSS cycles at Grade 4 (Table 4.1) and for all the countries that
participated in both the 1999 and 2015 TIMSS cycles at Grade 8 (Table 4.2). For
Grade 4, there were 21 TIMSS science topics included in this coding exercise

Table 4.1 Country categorizations for Grade 4 between 2003 and 2015

Category Number of changes to
science topics in
intended curriculum

Number of
countries or
provinces in
category

Countries or provinces in
category

Highly
stable

1–3 1 Singapore

Moderately
stable

4–6 8 England, Lithuania, Russia,
Italy, Hungary, Ontario,
Slovenia, USA

Changeable 7–10 7 Armenia, Chinese Taipei,
Cyprus, Hong Kong, Japan,
New Zealand, Norway

Highly
changeable

More than 10 4 Australia, Morocco, Belgium
(Flemish), Quebec
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whilst for Grade 8 there were 20 TIMSS science topics. The same comparison was
made between 2003–2007 and 2007–2015 for Grade 4 and between 1999–2007 and
2007–2015 for Grade 8; in each case they yielded similar results.

The Singaporean curriculum was noticeably more stable than that of other
countries at Grade 4 (Table 4.1). There was only one change in the TIMSS topics
intended to be taught in Singapore at Grade 4 between 2003 and 2015, and the next
most stable country (Lithuania) made only four changes to its intended science
curriculum in the same period. By contrast, in Belgium (the country with the most
changeable curriculum), there were 15 changes in the TIMSS topics intended to be
taught. Given Singapore’s high performance on TIMSS across the years it is
unsurprising that the number of changes to the intended science topics taught was
minimal between 2003 and 2015, as there was likely less incentive to revise the
curriculum. By contrast, Morocco is one of the lowest performing countries in
TIMSS science at Grade 4. It is likely that the high number of changes to its
intended science curriculum have been instigated to improve future science per-
formance generally, not just on TIMSS.

Similar patterns emerge from the Grade 8 data in terms of distinct groups of
countries demonstrating varying number of changes to their intended science cur-
riculum (Table 4.2). However, the countries in each group do not necessarily match
the Grade 4 groupings. For example, although Singapore shows remarkable sta-
bility in its science curriculum at Grade 4, changes in the intended science cur-
riculum at Grade 8 have been far more extensive. It is important here to note that,
for Grade 4, the comparison is being made between 2003 and 2015, whereas for
Grade 8 the comparison is between 1999 and 2015 and so covers a longer time
period. Additionally, the countries taking part in TIMSS at Grade 4 and Grade 8 are
not exactly the same.

Table 4.2 Country categorizations for Grade 8 between 1999 and 2015

Category Number of changes to
science topics taught
in intended curriculum

Number of
countries or
provinces in
category

Countries or provinces
in category

Highly
stable

1–3 7 Hungary, Hong Kong, Jordan,
Turkey, USA, Iran, Chinese
Taipei

Moderately
stable

4–6 13 England, Japan, Malaysia,
Slovenia, Thailand, Australia,
Canada, Italy, Lithuania, New
Zealand, Chile, Republic of
Korea, Russia

Changeable 7–10 2 Singapore, Morocco
Highly
changeable

More than 10 2 South Africa, Israel
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4.1.2 The Nature of Change in Countries’ Science
Curricula

This analysis enabled the nature of changes to the science curriculum of each
country to be identified in addition to the number of changes made. Whilst countries
could be grouped into categories based upon the extent to which their curricula had
changed or remained stable, the profile of countries within each grouping could be
quite different. The analysis identified some countries as “cutters” and some as
“adders”. Cutters are countries where curricular changes resulted in fewer TIMSS
science topics appearing in the intended science curricula, whereas adders are
countries where curricular changes tended to result in additional TIMSS science
topics appearing within the intended science curricula. A third group of countries
was identified, which we decribe as “balancers”. These are countries where cur-
ricular changes resulted in roughly equal numbers of TIMSS topics being added
and removed from the intended science curricula. We identified countries for each
of these categories for Grade 4 (Table 4.3, comparison between 2003 and 2015
TIMSS data) and for Grade 8 (Table 4.4, comparison between 1999 and 2015
TIMSS data). Similar patterns emerged when comparing the data for 2003–2007
and 2007–2015 at Grade 4 and the data for 1999–2007 and 2007–2015 at Grade 8
so, in the interests of space, only the 2003 and 1999–2015 results are presented
here.

Whilst the same categories exist for both Grade 4 and Grade 8, the proportion of
countries in each category varies for the two grades (Tables 4.3 and 4.4).

Table 4.3 Country categorization for Grade 4 (2003–2015)

Category Number of countries or
provinces in category

Countries or provinces

Adders 8 England, Belgium (Flemish), Hungary, Japan,
Chinese Taipei, Morocco, Armenia, Cyprus

Cutters 6 Italy, Lithuania, Singapore, Norway, Australia,
Ontario

Balancers 6 Russia, Slovenia, Hong Kong, New Zealand,
Quebec, USA

Table 4.4 Country categorization for Grade 8 (1999–2015)

Category Number of countries or
provinces in category

Countries or provinces

Adders 13 South Africa, Israel, Chile, England, Japan,
Thailand, Italy, Republic of Korea, Hong Kong,
Iran, Chinese Taipei, Jordan, Malaysia

Cutters 8 Singapore, Australia, New Zealand,
Russia, Lithuania, Slovenia, Turkey, Hungary

Balancers 3 Morocco, Canada, USA
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Additionally, countries can have different profiles for Grade 4 and Grade 8. For
example, at Grade 4, Morocco is categorized as an adder, as between 2003 and
2015 it added four science topics to its curriculum and removed one. By contrast, at
Grade 8, Morocco is classed as a balancer, as between 1999 and 2015 it added four
science topics and removed four science topics from its curriculum.

4.1.3 Changes to Science Curricula Between TIMSS Cycles

The analysis enabled the average number of curricular changes between TIMSS
cycles to be calculated (Tables 4.5 and 4.6). As the number of countries partici-
pating in each TIMSS cycle varies, the number of countries within each comparison
differs (Tables 4.5 and 4.6).

Table 4.5 Average number of changes to science curriculum at Grade 4

Comparison Number of
countries
in
comparison

Average
number
of topics
added

Average
number
of topics
removed

Average
number of
topics with
increased
emphasis

Average
number of
topics with
reduced
emphasis

Average
number of
topics
with no
change

2003–2007 21 2.95
(2.66)

1.76
(2.09)

0.57
(1.37)

0.05
(0.21)

15.67
(2.92)

2007–2015 18 3.44
(2.77)

2.39
(2.21)

1.06
(2.12)

0.53
(1.29)

12.50
(4.76)

2003–2015 26 3.08
(3.19)

2.12
(2.21)

0.23
(0.50)

0.73
(1.53)

14.88
(3.15)

Note Standard deviations for each average are given in brackets

Table 4.6 Average number of changes to science curriculum at Grade 8

Comparison Number of
countries
in
comparison

Average
number
of topics
added

Average
number
of topics
removed

Average
number of
topics with
increased
emphasis

Average
number of
topics with
reduced
emphasis

Average
number
of topics
no
change

1999–2007 25 1.88
(2.01)

1.64
(1.98)

0.32
(0.61)

0.52
(1.58)

15.8
(4.05)

2007–2015 36 2.08
(2.11)

1.44
(1.80)

0.39
(1.03)

0.67
(1.29)

15.42
(3.07)

1999–2015 23 2.65
(2.74)

1.39
(1.55)

0.17
(0.48)

0.61
(1.31)

15.13
(3.07)

Note Standard deviations for each average are given in brackets
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For each comparison, at both grades, the average number of science topics added
is greater than the average number of topics removed (Tables 4.5 and 4.6). This
suggests that, across countries as a whole, changes in a country’s science cur-
riculum are more likely to lead to an increase rather than a decrease in the number
of TIMSS science topics included in the curriculum.

It is also more common for topics to be completely removed or added to the
science curriculum than it is for there to be a change in emphasis to a science topic
in the curriculum. Additionally, the results suggest that the science curriculum at
Grade 4 is more subject to change than the science curriculum at Grade 8, as the
average number of topics added or removed in each comparison is higher for Grade
4 than Grade 8. This finding is consistent with our earlier observation that, at Grade
8, a higher proportion of countries are categorized as having highly stable or
moderately stable curricula than at Grade 4 (Tables 4.1 and 4.2).

4.1.4 TIMSS Science Topics Included in Countries’
Curricula

This analysis enabled us to identify the extent to which TIMSS science topics were
included in the intended curricula of participating countries, and whether there were
particular TIMSS science topics that were core to the majority of participating
countries’ science curricula.

As the science topics included in each TIMSS cycle changed slightly each cycle,
the science topics from the earlier TIMSS cycles were mapped to the 2015 TIMSS
science topics to identify those that were common across all three cycles.

The number of TIMSS science topics included in the majority (80% or more)
and minority (50% or fewer) of countries’ intended curricula for Grade 4 and Grade
8 change over time (Tables 4.7 and 4.8).

For Grade 4, between 2003 and 2015, the number of TIMSS science topics
taught in at least 80% of participating countries increased, whilst the number of
topics taught to fewer than half of participating countries decreased (Table 4.7).
This suggests that there is a growing number of core science topics at Grade 4 that
are included in the majority of participating countries’ intended science curricula.
However, caution needs to be exercised in interpreting these results, as the number

Table 4.7 Science topics taught in the majority and minority of participating countries at Grade 4

TIMSS
year

Number of
participating
countries

Number of science topics
covered by 80% or more of
countries

Number of science topics
covered by 50% or fewer of
countries

2003 29 2 6
2007 46 5 3
2015 53 7 2
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and range of countries (in terms of their geographic distribution and level of eco-
nomic development) participating in TIMSS at Grade 4 has increased between 2003
and 2015 and the TIMSS science framework itself changes slightly between cycles.

At Grade 8 (Table 4.8), the number of TIMSS topics included in at least 80% of
participating countries’ curricula was much higher than for Grade 4. There was only
a modest increase of two topics between 1999 and 2015 in the number of TIMSS
topics included in at least 80% of participating countries’ curricula. Additionally,
the number of TIMSS science topics covered by fewer than 50% of participating
countries at Grade 8 was less than at Grade 4, and remained at zero in all three
TIMSS cycles. The same caveats apply for Grade 8 as Grade 4 when interpreting
these results and making comparisons over time.

4.1.5 Core and Non-core TIMSS Science Topics Included
in Science Curricula

In addition to identifying the number of TIMSS science topics that were included in
a country’s science curriculum, the coding enabled the identification of core and
minority (non-core) science topics. We identified the core TIMSS science topics as
those that were included in the intended science curricula of 80% or more of
participating countries at Grade 4 in 2003, 2007 and 2015, as well as the topics that
appeared less frequently in the intended science curriculum of countries
(Table 4.9). We undertook the same exercise at Grade 8 for the 1999, 2007 and
2015 TIMSS cycles; at Grade 8 all science topics appeared in the intended curricula
of more than 50% of the participating countries (Table 4.10).

The growth in the number of Grade 4 TIMSS science topics taught in the
majority of participating countries increased most in life sciences (from one to
four). Earth sciences also saw a modest increase from zero to two topics in 2015.
There was no change in the total number of physical science topics that were taught
in over 80% of countries. Only one topic, “characteristics of living things and the
major groups of living things”, was taught in over 80% of countries across all three
TIMSS cycles considered. This topic is fundamental to biology and so its presence
as a core topic across years is perhaps unsurprising.

Table 4.8 Science topics taught in the majority and minority of participating countries at Grade 8

TIMSS
year

Number of
participating
countries

Number of science topics
covered by 80% or more of
countries

Number of science topics
covered by 50% or fewer of
countries

1999 39 12 0
2007 58 12 0
2015 45 14 0
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Table 4.9 Core and non-core TIMSS science topics at Grade 4

Common sources of energy (e.g. the Sun, electricity, wind) and uses of energy 
(heating and cooling homes, providing light)

Life sciences 2003 2007 2015

Characteristics of living things and the major groups of living things (e.g. 
mammals, birds, insects, flowering plants)

Major body structures and their functions in humans, other animals, and plants

Life cycles of common plants and animals (e.g. humans, butterflies, frogs, 
flowering plants)

Understanding that some characteristics are inherited and some are the result of 
the environment

How physical features and behaviors help living things survive in their 
environments

Relationships in communities and ecosystems (e.g. simple food chains, 
predator-prey relationships, human impacts on the environment)

Human health (transmission and prevention of diseases, symptoms of health and
illness, importance of a healthy diet and exercise)

Physical sciences 2003 2007 2015

States of matter (solid, liquid, gas) and properties of the states of matter 
(volume, shape); how the state of matter changes by heating or cooling

Classifying materials based on physical properties (e.g. weight / mass, volume, 
conducting heat, conducting electricity, magnetic attraction)

Mixtures and how to separate a mixture into its components (e.g. sifting, 
filtering, evaporation, using a magnet)

Chemical changes in everyday life (e.g., decaying, burning, rusting, cooking)
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There was only a small growth in the number of Grade 8 TIMSS science topics
taught in the majority of participating countries’ curricula (Table 4.8). The variation
in the change across the three TIMSS cycles for each of the four content domains is
therefore not unexpected: biology and earth science saw both an increase and
decrease in the number of science topics taught in more than 80% of participating
countries, while chemistry and physics saw an increase and no change respectively

Light and sound in everyday life (e.g. understanding shadows and reflection, 
understanding that vibrating objects make sound)

Electricity and simple circuits (e.g. identifying materials that are conductors, 
recognizing that electricity can be changed to light or sound, knowing that a 
circuit must be complete to work correctly

Properties of magnets (e.g. knowing that like poles repel and opposite poles 
attract, recognizing that magnets can attract some objects)

Forces that cause objects to move (e.g. gravity, pushing/pulling)

Earth sciences 2003 2007 2015

Common features of the Earth’s landscape (e.g. mountains, plains, deserts, 
rivers, oceans) and their relationship to human use (farming, irrigation, land 
development)

Where water is found on the Earth and how it moves in and out of the air (e.g. 
evaporation, rainfall, cloud formation, dew formation)

Understanding that weather can change from day to day, from season to season, 
and by geographic location

Understanding what fossils are and what they can tell us about past conditions 
on Earth

Objects in the solar system (the Sun, the Earth, the Moon, and other planets) and 
their movements (the Earth and other planets revolve around the Sun, the Moon 
revolves around the Earth)

Key

Topic in curriculum of at least 80% of countries in TIMSS  
Topic in curriculum of 50–80% of countries
Topic in curriculum of less than 50% of countries
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Table 4.10 Core and non-core TIMSS science topics at Grade 8

Biology 1999 2007 2015

Differences among major taxonomic groups of organisms (plants, animals, 
fungi, mammals, birds, reptiles, fish, amphibians)

Major organs and organ systems in humans and other organisms (structure / 
function, life processes that maintain stable bodily conditions)

Cells, their structure and functions, including respiration and photosynthesis 
as cellular processes

Life cycles, sexual reproduction, and heredity (passing on of traits, inherited 
versus acquired / learned characteristics)

Role of variation and adaptation in survival / extinction of species in a 
changing environment (including fossil evidence for changes in life on Earth 
over time)

Interdependence of populations of organisms in an ecosystem (e.g. energy 
flow, food webs, competition, predation) and factors affecting population size 
in an ecosystem

Human health (causes of infectious diseases, methods of infection, prevention, 
immunity) and the importance of diet and exercise in maintaining health

Chemistry 1999 2007 2015

Classification, composition, and particulate structure of matter (elements, 
compounds, mixtures, molecules, atoms, protons, neutrons, electrons)

Mixtures and solutions (solvent, solute, concentration / dilution, effect of 
temperature on solubility)

Properties and uses of common acids and bases

Chemical change (transformation of reactants, evidence of chemical change, 
conservation of matter, common oxidation reactions–combustion, rusting, 
tarnishing)
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in the number of topics taught in more than 80% of countries. No particular content
domain is becoming increasingly more common across all countries.

Six science topics were taught in over 80% of participating countries across all
three TIMSS cycles considered. “Cell structure and function” is one of these core
topics and is again a topic that has been identified as one of the fundamental

Physical states and changes in matter (explanations of properties in terms of 
movement and distance between particles; phase change, thermal expansion, 
and changes in volume and / or pressure)

Energy forms, transformations, heat, and temperature

Basic properties / behaviors of light (reflection, refraction, light and color, 
simple ray diagrams) and sound (transmission through media, loudness, pitch, 
amplitude, frequency)

Electric circuits (flow of current; types of circuits–parallel / series) and 
properties and uses of permanent magnets and electromagnets

Forces and motion (types of forces, basic description of motion, effects of 
density and pressure)

Earth science 1999 2007 2015

Earth’s structure and physical features (Earth’s crust, mantle, and core; 
composition and relative distribution of water, and composition of air)

Earth’s processes, cycles, and history (rock cycle; water cycle; weather versus 
climate; major geological events; formation of fossils and fossil fuels)

Earth’s resources, their use and conservation (e.g. renewable / non-renewable 
resources, human use of land / soil, water resources)

Earth in the solar system and the universe (phenomena on Earth–day / night, 
tides, phases of moon, eclipses, seasons; physical features of Earth compared 
to other bodies)

Key

Topic in curriculum of at least 80% of countries in TIMSS  
Topic in curriculum of 50–80% of countries
Topic in curriculum of less than 50% of countries

Physics 1999 2007 2015
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concepts in school science (Harlen 2010). It is thus unsurprising that it features as a
core topic throughout.

4.1.6 Comparison of TIMSS Topics Taught Across
Countries

We have identified science topics that are considered core and non-core in the
science curriculum of countries participating in TIMSS (Sect. 4.1.5). However, as
the number of countries that has participated in TIMSS has varied between cycles,
comparisons are challenging. To overcome this, we focused on science topics
included in the science curriculum of countries that have participated in all three
TIMSS cycles under consideration for Grade 4 (Table 4.11) and for Grade 8
(Table 4.12).

At Grade 8 a far higher number of the TIMSS science topics were included in the
curriculum of most participating countries than at Grade 4. At both grades there
were a number of topics that were taught in the majority of cases across all TIMSS
cycles, for example, “states of matter” at Grade 4 (Table 4.11) and “life cycles,
sexual reproduction and heredity” at Grade 8 (Table 4.12). However, at Grade 4 in
particular, there are some topics that are not commonly included in the curriculum
in any of the three TIMSS cycles considered. One such topic is “understanding
what fossils are and what they can tell us about past conditions on Earth”.

We found that restricting the analysis to countries participating in all three
TIMSS cycles under consideration nonetheless revealed very similar patterns to
those we earlier identified in the wider pool of countries that had participated in at
least one of the TIMSS cycles under investigation (see Sect. 4.1.4).

4.2 Cluster Analysis and Discriminant Analysis

We applied cluster and discriminant analyses of the curriculum questionnaire data
to determine potential convergence of curricula; countries may be clustered into
groups on the basis of the topics included or not included in their intended science
curricula at Grade 4 and Grade 8.

4.2.1 Grade 4

The cluster analysis performed on the 2003 TIMSS data for Grade 4 resulted in
countries being aggregated in two groups. As mentioned previously, the optimal
number of groups is assessed as that with the lowest Bayesian information criterion
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Table 4.11 Number of countries teaching Grade 4 TIMSS science topics in all three cycles

TIMSS science topic 
Number of countries 
including topic in 
curriculum (maximum 18)*

2003 2007 2015

Characteristics of living things and the major groups of living things (e.g. 
mammals, birds, insects, flowering plants)

18 17 17

Major body structures and their functions in humans, other animals, and plants 17 17 16

Life cycles of common plants and animals (e.g. humans, butterflies, frogs, 
flowering plants)

16 15 18

Understanding that some characteristics are inherited and some are the result of 
the environment

11 9 5 

How physical features and behaviors help living things survive in their 
environments

12 11 14

Relationships in communities and ecosystems (e.g. simple food chains, 
predator-prey relationships, human impacts on the environment)

13 14 12

Human health (transmission and prevention of diseases, symptoms of health and 
illness, importance of a healthy diet and exercise)

10 11 13

States of matter (solid, liquid, gas) and properties of the states of matter 
(volume, shape); how the state of matter changes by heating or cooling

17 16 17

Classifying materials based on physical properties (e.g. weight / mass, volume, 
conducting heat, conducting electricity, magnetic attraction)

17 16 11

Mixtures and how to separate a mixture into its components (e.g. sifting, 
filtering, evaporation, using a magnet)

9 8 7 

Chemical changes in everyday life (e.g. decaying, burning, rusting, cooking) 8 9 8 

Common sources of energy (e.g. the Sun, electricity, wind) and uses of energy 
(heating and cooling homes, providing light)

6 9 12

Light and sound in everyday life (e.g. understanding shadows and reflection, 
understanding that vibrating objects make sound)

11 16 14
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(BIC).1 The cluster quality could be described as fair according to the silhouette
measure of cohesion and separation.2 Cluster analysis identified the first five most
discriminating items for TIMSS 2003 at Grade 4 (Fig. 4.1).

Electricity and simple circuits (e.g. identifying materials that are conductors, 
recognizing that electricity can be changed to light or sound, knowing that a 
circuit must be complete to work correctly

12 10 10

Properties of magnets (e.g. knowing that like poles repel and opposite poles 
attract, recognizing that magnets can attract some objects)

13 11 11

Forces that cause objects to move (e.g. gravity, pushing / pulling) 9 8 12

Common features of the Earth’s landscape (e.g. mountains, plains, deserts, 
rivers, oceans) and their relationship to human use (farming, irrigation, land 
development)

13 12 9

Where water is found on the Earth and how it moves in and out of the air (e.g. 
evaporation, rainfall, cloud formation, dew formation)

12 15 14

Understanding that weather can change from day to day, from season to season, 
and by geographic location

9 12 16

Understanding what fossils are and what they can tell us about past conditions 
on Earth

7 8 5 

Objects in the solar system (the Sun, the Earth, the Moon, and other planets) 
and their movements (the Earth and other planets revolve around the Sun, the 
Moon revolves around the Earth)

9 12 11

*Note Eighteen countries participated in all three cycles considered here. 

Key

Topic included in curriculum of 15 or more countries
Topic in curriculum of 10–14 countries
Topic included in the curriculum of fewer than 10 countries

1Hereafter we report the BIC for the solution with 1, 2 and 3 clusters:
– 1 cluster: BIC = 1022.543
– 2 clusters: BIC = 992.822 (−29.721 with respect to one single cluster)
– 3 clusters: BIC = 1042.923 (+50.101 with respect to two clusters).

2This is a measure of how similar an object is to its own cluster (cohesion) compared to other
clusters (separation). This measure ranges from −1 to 1, the highest figures indicating a better
cluster outcome. In this case, the value of the silhouette measure is around 0.25 which falls into the
‘fair’ range (between 0.2 and 0.5).
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Table 4.12 Number of countries teaching Grade 8 TIMSS science topics in all three cycles

Earth’s structure and physical features (Earth’s crust, mantle, and core; composition 
and relative distribution of water, and composition of air)

17 19 20

TIMSS science topic Number of countries 
including topic in 
curriculum (maximum 
21)*

1999 2007 2015

Differences among major taxonomic groups of organisms (plants, animals, fungi, 
mammals, birds, reptiles, fish, amphibians)

21 21 18

Major organs and organ systems in humans and other organisms (structure / 
function, life processes that maintain stable bodily conditions)

18 21 20

Cells, their structure and functions, including respiration and photosynthesis as 
cellular processes

21 20 20

Life cycles, sexual reproduction, and heredity (passing on of traits, inherited versus 
acquired / learned characteristics)

21 21 20

Role of variation and adaptation in survival / extinction of species in a changing 
environment (including fossil evidence for changes in life on Earth over time)

14 12 16

Interdependence of populations of organisms in an ecosystem (e.g. energy flow, 
food webs, competition, predation) and factors affecting population size in an 
ecosystem

17 20 19

Human health (causes of infectious diseases, methods of infection, prevention, 
immunity) and the importance of diet and exercise in maintaining health

16 15 16

Classification, composition, and particulate structure of matter (elements, 
compounds, mixtures, molecules, atoms, protons, neutrons, electrons)

14 21 20

Mixtures and solutions (solvent, solute, concentration / dilution, effect of 
temperature on solubility)

20 17 19

Properties and uses of common acids and bases 19 17 15

Chemical change (transformation of reactants, evidence of chemical change, 
conservation of matter, common oxidation reactions–combustion, rusting, 
tarnishing)

14 16 17

Physical states and changes in matter (explanations of properties in terms of 
movement and distance between particles; phase change, thermal expansion, and 
changes in volume and/or pressure)

21 21 18

Energy forms, transformations, heat, and temperature 20 17 19

Basic properties / behaviors of light (reflection, refraction, light and color, simple 
ray diagrams) and sound (transmission through media, loudness, pitch, amplitude, 
frequency)

17 18 18

Electric circuits (flow of current; types of circuits–parallel / series) and properties 
and uses of permanent magnets and electromagnets

20 17 19

Forces and motion (types of forces, basic description of motion, effects of density 
and pressure)

16 21 20
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The most discriminating science topic was “Understanding that some character-
istics are inherited and some are the result of the environment”, indicating that this
specific science topic is the one that is the most important in defining whether a
country may be classified as belonging to Group 1 or Group 2 (Fig. 4.2). For each of
the five most discriminating science topics, we mapped the number of countries in
Group 1 and Group 2 that were teaching the science topic to all or most students, only
to the most able students, or not including the topic in the curriculum at that grade.

Earth’s processes, cycles, and history (rock cycle; water cycle; weather versus 
climate; major geological events; formation of fossils and fossil fuels)

15 21 19

Earth’s resources, their use and conservation (e.g. renewable / non-renewable 
resources, human use of land / soil, water resources)

19 17 18

Earth in the solar system and the universe (phenomena on Earth–day / night, tides, 
phases of moon, eclipses, seasons; physical features of Earth compared to other 
bodies)

19 16 19

*Note Twenty-one countries participated in all three cycles considered here.

Key

Topic included in curriculum of 18 or more countries
Topic in curriculum of 13–17 countries
Topic included in the curriculum of fewer than 13 countries
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Forces that cause objects to move (e.g., gravity,
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Life cycles of common plants and animals (e.g.,
humans, butterflies, frogs, flowering plants)

Common features of the Earth’s landscape (e.g., 
mountains, plains, deserts, rivers, oceans) and 

their relationship to human use (farming, 
irrigation, land development)

Predictor importance

Fig. 4.1 Most discriminating topics in 2003 cluster analysis: Grade 4
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While for the most discriminating item (Fig. 4.2a), there is an almost perfect
separation between answers given by countries in Group 1 and countries in Group
2, the answers given by countries in the two groups tend to become more similar as
the item becomes less discriminating (Fig. 4.2b–e).

Having identified two groups using cluster analysis, we conducted a discriminant
analysis in order to estimate a classification model for countries in the successive
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Fig. 4.2 Answers by group for the five most discriminating topics identified by cluster analysis of
TIMSS 2003 data for Grade 4
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cycles of TIMSS. As already mentioned, the topics that we found to be the most
discriminating in the cluster analysis were assigned higher coefficients in the
regression. These topics contribute most towards identifying the countries
belonging to one of the two groups in the second and third TIMSS cycles con-
sidered (Tables 4.13 and 4.14).3

For each TIMSS cycle, we ascertained the number and percentage of countries in
Group 1 and Group 2 (Table 4.13). The proportion of countries in Group 1
increased slightly over time at the expense of Group 2. However, the gain was
modest (+14.64% points) and the possibility that this increase was driven by newly
entered countries that did not participate in TIMSS 2003 cannot be ruled out.

Countries moved between groups in subsequent cycles of the survey
(Table 4.14).4 For instance, we can see that out of the 11 countries that were
classified as belonging to Group 1 in 2003, ten were still classified as belonging to

Table 4.13 Classification of countries at Grade 4 based on discriminant analysis using cluster
groupings from TIMSS 2003 data

Group Number (and percentage) of countries by group

2003 2007 2015

Group 1 16 (55.17%) 35 (76.09%) 37 (69.81%)
Group 2 13 (44.83%) 11 (23.91%) 16 (30.19%)

Table 4.14 Classification of countries appearing in consecutive TIMSS surveys at Grade 4

Initial 
group

Movement between 2003 and 
2007

Movement between 2007 and 
2015

Group 1 Group 2 Group 1 Group 2

Group 1

10 out of 11
remained

(90.91%) 

1 out of 11
moved

(9.09%) 

16 out of 21
remained

(76.19%) 

5 out of 21
moved

(23.81%) 

Group 2

5 out of 11
moved

(45.45%) 

6 out of 11
remained

(54.55%) 

5 out of 9
moved

(55.56%) 

4 out of 9
remained

(44.44%) 

Note Gray-shaded cells contain the number and percentage of countries that have been classified in
the same group in two consecutive TIMSS cycles, while the unshaded cells display the number and
percentage of countries that have moved across groups

3It must be emphasized that, while the classification of countries in 2003 was the result of our
cluster analysis, the classification in the following two cycles was a prediction obtained by
applying the model estimated from the discriminant analysis to the countries’ new set of responses.
4By construction, these tables include only countries that have taken part in two consecutive
TIMSS cycles.
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the same group in 2007, while the remaining country was classified as belonging to
Group 2. Hence, between 2003 and 2007 countries in Group 1 were mostly stable.
Conversely, a non-negligible fraction of countries belonging to Group 2 (45.45%)
changed their classification. Between 2007 and 2015 few countries moved from
Group 1 to Group 2 (23.81%) while, once again, a considerable fraction of coun-
tries that were classified as belonging to Group 2 (55.56%) moved to Group 1. This
provides some evidence in support of the hypothesis that science curricula are
converging and becoming more similar over time at Grade 4.

The critical point is that, while in the first table the increase in the percentage of
countries belonging to Group 1 might be driven by new countries that were not
included in previous cycles (see Table 4.13), the same set of countries are in each of
the tables (see Table 4.14). Hence, movements (and as a consequence variations in
the percentage of countries in each group) occur only when a country that was
originally classified in one group modifies its science curriculum to such an extent
that it becomes more similar to countries in the other group.

To conclude the investigation of the results obtained for Grade 4, consideration
needs to be given to how newly entered countries5 are classified in 2007 and 2015.
The majority of countries that entered TIMSS in 2007 are classified as belonging to
Group 1 and the same applies to countries that entered the study in 2015
(Table 4.15). The confluence of newly entered countries into one of the two groups
does not indicate convergence by itself.6 Nevertheless, if a core science curriculum
is emerging we would expect the majority of countries to adhere to it.

The increase in the proportion of countries belonging to Group 1 (Tables 4.13
and 4.15) suggests that this is partially because new countries tend to be classified
more often than not in this group. However, even considering only countries that
have been in two consecutive TIMSS cycles, Group 1 is growing at the expense of
Group 2, suggesting a certain degree of convergence (Table 4.14). The finding that
newly entered countries are more often classified as belonging to Group 1 is
consistent with the emergence of a core science curriculum to which countries tend
to adhere.

For the five most discriminating items (see Fig. 4.1), we further analyzed the
answers given by the 18 countries that participated in the 2003, 2007 and 2015

Table 4.15 Cluster analysis
classification of newly entered
countries at Grade 4

Group 2007 2015

Group 1 19 out of 24 17 out of 23
(79.17%) (73.91%)

Group 2 5 out of 24 6 out of 23
(20.83%) (26.09%)

5These are countries that are in the dataset in a given cycle but not in the immediate previous cycle.
6Newly entered countries could be disproportionally more similar to countries in one of the two
groups to begin with.

4.2 Cluster Analysis and Discriminant Analysis 57



TIMSS cycles (see Fig. 4.3a–e) to establish whether there were indications that
science curricula at Grade 4 were converging. Only the 18 countries that participated
in all the TIMSS cycles under consideration were included, to ensure statistical
validity.
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Fig. 4.3 Evolution of the distribution of the five most discriminating Grade 4 science topics
(identified in 2003) between 2003 and 2015
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Three science topics demonstrated a clear tendency to converge7 (Fig. 4.3a–c),
while one remained stable (Fig. 4.3e) and the other underwent an inversion in
tendency (the topic “forces that cause objects to move” was predominantly not
taught in 2003, but the majority of countries had included it in the curriculum by
2015; see Fig. 4.3d). This is important because it confirms that the model we have
presented identifies a general tendency to convergence in science curricula. The
finding of overall convergence does not rule out the possibility that single topics are
actually diverging. As long as the increase in similarities is enough to offset the
emergence of dissimilarities, the model will identify overall convergence.

The model obtained by means of the discriminant analysis puts more emphasis
on topics that were particularly important in defining the clusters in the first cycle
and less on topics that were not discriminating at that point. We therefore repeated
the same process in reverse. In practical terms, starting from the groups identified
by means of a cluster analysis of the 2015 TIMSS cycle, we estimated a model that
predicted countries’ membership based on the responses they gave to the 2015
curriculum questionnaire. This model was then used to group countries in earlier
cycles. We used this approach to verify whether aspects that were similar in 2003
(i.e. science topics that were widely taught or not taught) have become increasingly
different over time. Our previous model was not able to identify this phenomenon,
as topics that were not discriminating in the first cycle give only a very minor
contribution in predicting future membership. The model once again identified two
clusters8 and the classification quality was fair according to the silhouette measure
of cohesion and separation.

Among the five most discriminating items in 2015, there was only one topic
(“understanding that some characteristics are inherited and some are the result of
the environment”) that was shared with the 2003 analysis (Fig. 4.4). This supported
the hypothesis of convergence. The topics that were very discriminating between
Group 1 and Group 2 in 2003 had converged and dissimilarities with respect to
other topics now defined the clustering. These dissimilarities might be pre-existing
(meaning that the topics were already dissimilar in 2003, but they were over-
shadowed by other aspects that were even more relevant in defining the clustering
of countries), or they might have emerged over time (topics that were widely taught,
or not taught, by the majority of countries have been removed, or introduced, by
some of them). The occurrence of this second event, which would indicate diver-
gence along some dimensions, was why we repeated the analysis in reverse.

7In this case, convergence is identified by a concentration of the percentage reported in the
histogram towards one single answer.
8The BIC for the solution with 1, 2 and 3 clusters:

– 1 cluster: BIC = 1537.288
– 2 clusters: BIC = 1450.742 (−86.546 with respect to one single cluster)
– 3 clusters: BIC = 1494.038 (+43.296 with respect to two clusters).
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Applying this reverse approach, we found that the percentage of countries in
Group 19 had decreased between 2003 and 2007 and remained stable in the fol-
lowing cycle (Table 4.16). This contradicts the hypothesis of convergence of sci-
ence curricula, as it suggests that the treatment of topics that distinguished countries
in 2015 was more homogeneous in 2003. Nevertheless, the results are based on
different sets of countries in each cycle and hence the evidence might be driven by
new entrants. To address this issue, we replicated our investigation into the
movement of countries between consecutive cycles (Table 4.17). Once again, the
general tendency was for countries to move from Group 2 to Group 1. However,
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Fig. 4.4 Most discriminating items in 2015 cluster analysis: Grade 4

Table 4.16 Classification of countries at Grade 4 based on discriminant analysis using cluster
groupings from TIMSS 2015 data

Group Number (and percentage) of countries by group

2003 2007 2015

Group 1 22 out of 29 26 out of 46 31 out of 53
(75.86%) (56.52%) (58.49%)

Group 2 7 out of 29 20 out of 46 22 out of 53
(24.14%) (43.48%) (41.51%)

9Even though we call these two groups Group 1 and Group 2, these groups do not relate to the
groups we have analyzed previously as the groups have been identified by means of two different
models.
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there was still a non-negligible fraction of countries that followed the reverse
course, particularly between 2007 and 2015. Given that there appeared to be
considerable movement across groups, the results provided only weak evidence in
support of the hypothesis of convergence in science curricula (Table 4.17).

We also studied the classification of newly entered countries in 2007 and 2015
(Table 4.18).10 The majority of countries that entered the survey in 2015 were
classified as belonging to Group 1, while new entrants in 2007 were distributed
almost equally between Group 1 and Group 2. The results are not conclusive for the
reasons mentioned before, and there are no strong indications that a core science
curriculum is emerging.

We interpreted these results (Tables 4.16, 4.17 and 4.18) as suggesting that
topics that distinguished countries as belonging to Group 1 and Group 2 in 2015
were not more similar in 2003 (and thus there was no divergence).

Table 4.17 Classification of countries appearing in consecutive TIMSS surveys at Grade 4

Initial group Movement between 2003 and 2007 Movement between 2007 and 2015 

Group 1 Group 2 Group 1 Group 2 

Group 1 13 out of 17 
remained

4 out of 17 
moved

10 out of 16 
remained

6 out of 16 
moved

(76.47%) (23.53%) (62.50%) (37.50%) 

Group 2 3 out of 5 
moved

2 out of 5
remained

9 out of 14 
moved

5 out of 14 
remained

(60.00%) (40.00%) (64.29%) (35.71%) 

Note Gray-shaded cells contain the number and percentage of countries that have been classified in
the same group in two consecutive TIMSS cycles, while the unshaded cells display the number and
percentage of countries that have moved across groups

Table 4.18 Cluster analysis
classification of newly entered
countries at Grade 4

Group 2007 2015

Group 1 11 out of 24 16 out of 23
(45.83%) (69.57%)

Group 2 13 out of 24 7 out of 23
(54.17%) (30.43%)

10Even if the discriminant analysis is applied in reverse, the results of the model are interpreted in
the same way as in the previous case. The only purpose for clustering countries according to
questionnaire responses given in the 2015 TIMSS cycle is to give more importance to items that
differ at this point in time. We are still interested in the effect of countries that entered the study in
2007 and 2015 on the percentages (Table 4.16).
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We also examined how the distribution of the most discriminating items had
evolved over time (Fig. 4.5). As in the previous case (Fig. 4.3), the behavior of
topics was heterogeneous. Some were converging (e.g. see Fig. 4.5a, c), while for
the others it was hard to identify a clear pattern.
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Fig. 4.5 Evolution of the distribution of the five most discriminating science topics (identified in
2015) between 2003 and 2015
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Taking into account the outcomes presented so far, we conclude that there is
only weak evidence to support the hypothesis that science curricula at Grade 4 have
become increasingly similar over time.

4.2.2 Grade 8

We repeated the analysis we have presented for Grade 4 in order to assess con-
vergence of science curricula at Grade 8.

As for Grade 4, the cluster analysis performed on the 1999 TIMSS data for
Grade 8 resulted in countries being classified in two groups.11 The cluster quality is
fair according to the silhouette measure of cohesion and separation. Cluster analysis
predicted the five most discriminating items for TIMSS 1999 (Fig. 4.6).

The most discriminating topic is “chemical change (transformation of reactants,
evidence of chemical change, conservation of matter, common oxidation reactions–
combustion, rusting, tarnishing)”.

For each of the five most discriminating items (Fig. 4.7), we mapped the number
of countries in Group 1 and Group 2 that were teaching the topic to all or most
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Fig. 4.6 Most discriminating science topics in TIMSS 1999 cluster analysis: Grade 8

11The BIC for the solution with 1, 2 and 3 clusters:
– 1 cluster: BIC = 835.908
– 2 clusters: BIC = 801.228 (−34.680 with respect to one single cluster)
– 3 clusters: BIC = 838.015 (+36.787 with respect to two clusters).
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students, only the more able students, or not including the topic in the curriculum at
that grade.

The more discriminating the item (from Fig. 4.7a–e), the sharper the distinction
between Group 1 and Group 2.
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We used the model that results from applying discriminant analysis on the
clusters identified in 1999 to predict the probability of belonging to Group 1 and
Group 2 in the later TIMSS cycles (2007 and 2015).

For each cycle, we ascertained the number and percentage of countries in Group
1 and Group 2 (Table 4.19), revealing a strong tendency for countries to concen-
trate in a single group over time. The two groups were of similar size in 1999, but
the overwhelming majority of countries were classified in Group 2 by 2015. As
highlighted previously, even given the apparent strength of this result, it has to be
interpreted with some caution because the increase of one group at the expense of
the other could be driven by new countries entering TIMSS in 2007 and 2015.

Countries moved between groups in subsequent cycles of the survey
(Table 4.20). Between 1999 and 2007, the majority of countries that were classified
as belonging to Group 1 moved to Group 2 (75%) while no country followed the
reverse path (from Group 2 to Group 1). Similarly, between 2007 and 2015, all the
countries remaining in Group 1 moved to Group 2, while only a small number of
countries moved from Group 2 to Group 1 (9.68% of countries classified as
belonging to Group 2 in 2007).

Table 4.19 Classification of countries at Grade 8 based on discriminant analysis using cluster
groupings from TIMSS 1999 data

Group Number (and percentage) of countries by group

1999 2007 2015

Group 1 20 out of 38 9 out of 58 3 out of 45
(52.63%) (15.52%) (6.67%)

Group 2 18 out of 38 49 out of 58 42 out of 45
(47.37%) (84.48%) (93.33%)

Table 4.20 Classification of countries appearing in consecutive TIMSS surveys at Grade 8

2007 2015 

Initial group  Group 1 Group 2 Group 1 Group 2 

Group 1 3 out of 12 
remained

9 out of 12 
moved

0 out of 5 
remained

5 out of 5 
moved

(25.00%) (75.00%) (0.00%) (100.00%) 

Group 2 0 out of 15 
moved

15 out of 15
remained

3 out of 31 
moved

28 out of 31 

remained

(0.0 0%) (100.00%) (9.68%) (90.32%) 

Note Gray-shaded cells contain the number and percentage of countries that have been classified in
the same group in two consecutive TIMSS cycles, while the unshaded cells display the number and
percentage of countries that have moved across groups
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In both 2007 and 2015, the great majority of new entrant countries (all new
entrants in 2015) were classified as belonging to Group 2 (Table 4.21). The results
(Tables 4.19 and 4.20) provide strong evidence in support of the hypothesis of
convergence in science curricula at Grade 8.

We repeated the exercise we performed for Grade 4 for the five most discrim-
inating items identified by the 1999 cluster analysis, further analyzing the answers
given by the 21 countries that participated in 1999, 2007 and 2015 (Fig. 4.8) to
clarify why countries have been increasingly classified as belonging to Group 2
over time. Only data for the 21 countries that participated in all three TIMSS cycles
under consideration were included, to ensure statistical validity.

In contrast to Grade 4, among the five most discriminating topics, all items but
one (“properties and uses of common acids and bases”) demonstrated a clear ten-
dency to converge.

Repeating the cluster and discriminant analyses in reverse starting from the 2015
data to verify the findings once again identified two groups of countries,12 with
“fair” cluster quality according to the silhouette measure of cohesion and
separation.

Among the five most discriminating topics (Fig 4.9), there was only one item
(“Earth’s processes, cycles, and history”) that was common to the 1999 and 2015
analyses. This confirms the convergence we already identified; the topics that were
very discriminating in 1999 converged and other topics were driving the clustering.

Applying this reverse approach, we identified the number and proportion of
countries classified in Group 1 and Group 2 over the three cycles of TIMSS at
Grade 8 (Table 4.22). The percentage of countries in both groups was stable over
time.

We also studied the movement of countries that participated in consecutive
TIMSS cycles in order to rule out the possibility that the results (Table 4.22) were
driven by countries that entered later cycles (Table 4.23). While there was some
evidence that countries classified as belonging to Group 1 had moved to Group 2 in
the ensuing cycle, movements in the opposite direction (from Group 2 to Group 1)
were rare, evidencing a tendency for countries to concentrate towards Group 2. As a
result, considering only the countries that have been in subsequent TIMSS cycles,

Table 4.21 Cluster analysis
classification of newly entered
countries at Grade 8

Group 2007 2015

Group 1 6 out of 31 0 out of 9
(19.35%) (0.00%)

Group 2 25 out of 31 9 out of 9
(80.65%) (100.00%)

12The BIC for the solution with 1, 2 and 3 clusters:
– 1 cluster: BIC = 1123.414
– 2 clusters: BIC = 1072.458 (−50.955 with respect to one single cluster)
– 3 clusters: BIC = 1104.873 (+32.415 with respect to two clusters).

66 4 Results: Evidence for the Globalization of Science …



0

4

8

12

16

20

24

Taught to all pupils Taught to some
pupils

Not in the curriculum

a) Chemical change (transformation of 
reactants, evidence of chemical change, 

conservation of matter, common oxidation 
reactions –combustion, rusting, tarnishing)

1999 2007 2015

0

4

8

12

16

20

24

Taught to all pupils Taught to some
pupils

Not in the curriculum

b) Forces and motion (types of forces, basic 
description of motion, effects of density and 

pressure)

1999 2007 2015

0

4

8

12

16

20

24

Taught to all pupils Taught to some
pupils

Not in the curriculum

c) Classification, composition, and 
particulate structure of matter (elements, 
compounds, mixtures, molecules, atoms, 

protons, neutrons, electrons)

1999 2007 2015

0

4

8

12

16

20

24

Taught to all pupils Taught to some
pupils

Not in the curriculum

d) Properties and uses of common acids 
and bases

1999 2007 2015

0

4

8

12

16

20

24

Taught to all pupils Taught to some
pupils

Not in the curriculum

e) Earth’s processes, cycles, and history 
(rock cycle; water cycle; weather versus 

climate; major geological events; formation 
of fossils and fossil fuels)

1999 2007 2015

Fig. 4.8 Evolution of the distribution of the five most discriminating topics at Grade 8 (identified
in 1999) between 1999 and 2015

4.2 Cluster Analysis and Discriminant Analysis 67



not only did we find no sign of divergence, if anything, we found the opposite.
Topics that were highly discriminating in the 2015 TIMSS cycle were treated in an
even more unequal way in previous years. The fact that these items did not emerge
as highly discriminating in the 1999 cluster analysis is due to the fact that other
topics were even more important in defining group belonging, hence their effect
was overshadowed.

Although confirming that the majority of countries entering TIMSS in 2007 and
2015 may be classified as belonging to Group 2 (Table 4.24) is not by itself
conclusive, this does support the hypothesis that an internationally understood core
science curriculum is developing over time.
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Fig. 4.9 Most discriminating topics in 2015 cluster analysis: Grade 8

Table 4.22 Classification of
countries at Grade 8 based on
discriminant analysis using
cluster groupings from
TIMSS 2015 data

Group Number (and percentage) of countries by group

1999 2007 2015

Group 1 6 out of 38 14 out of 58 9 out of 45
(15.79%) (24.14%) (20.00%)

Group 2 32 out of 38 44 out of 58 36 out of 45
(84.21%) (75.86%) (80.00%)
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Altogether, the results suggest that topics that differentiate countries belonging to
Group 1 and Group 2 in 2015 were treated in an even more unequal way in previous
cycles, indicating convergence (Tables 4.22, 4.23 and 4.24).

We also examined how the distribution of the most discriminating items
(identified in 2015) evolved over time (Fig. 4.10). One topic (“Earth’s processes,
cycles, and history”) displayed clear signs of convergence, while the remainder
showed only minor or no evidence of convergence. This is mainly because there
was already little variability in the 1999 TIMSS cycle, as science topics were
treated in a similar way by all countries (the tendency was to teach these topics to
all students in 1999). As a result, there is little capacity for further convergence.
That said, we were mainly interested in confirming that no divergence occurred in
topics that were not highly discriminating in the first cycle.

Taking into account the outcomes presented, we found strong evidence sup-
porting the hypothesis of convergence in science curricula at Grade 8 over the last
20 years.

Table 4.23 Classification of countries appearing in consecutive TIMSS surveys

Initial group 

Movement between 2003 and 2007 Movement between 2007 and 2015 

Group 1 Group 2 Group 1 Group 2 

Group 1 2 out of 4 
remained

2 out of 4 
moved

3 out of 8 
remained

5 out of 8
moved

(50.00%) (50.00%) (62.50%) (37.50%) 

Group 2 4 out of 23
moved

19 out of 23
remained

4 out of 28 
moved

24 out of 28 
remained

(17.39%) (82.61%) (14.29%) (85.71%) 

Note Gray-shaded cells contain the number and percentage of countries that have been classified in
the same group in two consecutive TIMSS cycles, while the unshaded cells display the number and
percentage of countries that have moved across groups

Table 4.24 Cluster analysis classification of newly entered countries

Group 2007 2015

Group 1 8 out of 31 2 out of 9
(25.81%) (22.22%)

Group 2 23 out of 31 7 out of 9
(74.19%) (77.78%)
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4.3 Further Analysis Using TIMSS Teacher Questionnaire
and Encyclopedia Data

The results outlined in Sects. 4.1 and 4.2 are based on data from the TIMSS
curriculum questionnaires. We also used the TIMSS encyclopedias, data from the
TIMSS teacher questionnaire and additional data from the TIMSS curriculum
questionnaire to build up a more detailed picture of other aspects of science cur-
ricula for a select number of countries (listed in Table 3.3). The objective of this
analysis was to obtain information on aspects of countries’ implemented science
curricula to complement the data gathered on the intended curriculum (from the
coding exercise and cluster and discriminant analyses). The aim was to enable
changes in some aspects of the implemented science curricula to be tracked over
time.

Curriculum features investigated included the instructional time spent teaching
science each year and the percentage of students who have been taught the TIMSS
science topics. Although we intended to explore a number of other curriculum
features, the data sources did not support further additional analyses. Features that
interested us included the emphasis teachers placed on science investigation in their
teaching, the emphasis on different cognitive processes in the science curriculum,
and the percentage of instructional time devoted to teaching science.

We encountered a number of difficulties in collecting information on the
implemented science curricula. Firstly, for the 1999 (Grade 8) and 2003 (Grade 4)
TIMSS cycles, there were no published TIMSS encyclopedias. The encyclopedias
were only produced from the 2007 cycle onwards. As a result, much of the
information on participating countries’ science curricula that is available for later
cycles was not available for the first TIMSS surveys considered in this report,
thereby limiting the comparisons that can be made.

A second challenge was that, in many cases, the relevant items in the teacher and
curriculum questionnaires changed between TIMSS cycles. This makes it impos-
sible to directly compare responses between cycles. For example, in each TIMSS
cycle there is a question that asks about teacher emphasis on science investigation;
however, the wording of the question varies. In 2015, the question asked teachers to
rate how often they emphasized science investigation in their lessons. They could
select their response from “about half the lessons or more” or “in less than half the
lessons”. By contrast, in the 2007 teacher questionnaire, respondents were asked,
for seven different science investigation activities, to rate whether the students they
taught had the opportunity to do the activity in about half the lessons or more.
These activities included practices such as watching the teacher demonstrate an
investigation or relating what they learned about science to their daily lives. As the
questions are framed in different ways, it is difficult to make direct comparisons. We
encountered this issue for a large number of the curriculum features that we were
originally intending to compare.

We also found that there was a considerable amount of missing data. We had
selected countries for inclusion in this sample on the basis that they had taken part
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in at least two TIMSS cycles but, in a number of cases, countries had not provided
this additional information on the implemented curriculum. For example, in 2007,
there was no information provided by New Zealand on the percentage of students
taught the TIMSS science topics for Grade 4 or Grade 8. Again, this made com-
parisons challenging, both for a single country over time and between countries in
the same cycle. As a consequence, and because of the significant caveats that would
have applied to any conclusions drawn from these analyses, we decided not to
pursue further in-depth analyses based on the teacher and curriculum
questionnaires.
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