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literature has turned to understanding whether certain teaching approaches are more likely to lead to transfer,
such as integrating new learning with existing knowledge and comparing multiple cases with the same under-
lying structure. Using data on 280,000 students in the 2019 TIMMS study, we investigate whether maths
teaching that uses this approach is associated with primary students being able to solve mathematics problems
that are not included on their country's national curriculum. We find no evidence that it does, which underlines
the challenges involved in teaching for near, let alone far, transfer of academic skills.

Educational relevance statement

There is great interest in whether the specific knowledge and skills
taught in school enable young people to be able to solve new, unfamiliar,
problems. This paper investigates whether this is the case using large-
scale, cross-national data. We find no association between a set of
teaching approaches thought to enhance students conceptual under-
standing and students' ability to solve novel mathematics problems.
Teaching students using approaches designed to aid them solving novel
problems may therefore be of only limited use in achieving this goal.

1. Introduction

Students and parents often complain that what they are taught in
school is of little use outside of school (Matthews & Pepper, 2006;
Stuckey et al., 2013). For example, it can be hard to see the practical
relevance of studying abstract geometry problems. Likewise, policy-
makers sometimes worry that schools are too focused on traditional
academic subjects and thus spend too little time developing the skills
that students need in the workplace (e.g., Wilshaw, 2016). Why do so

* Corresponding author.

many schools still teach Latin, for example? Even those who are more
optimistic about the current model acknowledge that schooling will be
of limited value unless students are able to apply what they have learned
in new contexts beyond the school gates (Britton et al., 2007).

A common response to these concerns is that what is learned in
school is of more general use because it transfers. Transfer is defined as
the use of knowledge, concepts or skills acquired in one task to a similar
task in which they are relevant (American Psychological Association, n.
d.-a, n.d.-b; Barnett & Ceci, 2002; McKeough et al., 2013). Transfer is
therefore a form of cognitive generalisation, in which something learned
in one context or domain is applied in another (American Psychological
Association, n.d.-a, n.d.-b). For example, while students might never
need to calculate the length of the hypotenuse after leaving school, their
knowledge might help them address related spatial problems encoun-
tered in the workplace. Similarly, learning Latin in school might help
improve students' English language skills, through expanding their vo-
cabulary and knowledge of morphology (Quigley, 2018). Advocates for
transfer believe that the specific topics studied at school help students to
develop more general-purpose knowledge that transcend the specifics of
the curriculum and can therefore be applied more broadly, including in
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novel situations.

However, educational psychologists have disputed the extent to
which learning really does transfer. Meta-analyses of the empirical
literature suggest that far transfer — where the initial learning and the
target for subsequent application share few similarities — tends not to be
successful (Kassai et al., 2019; Moga et al., 2000; Sala & Gobet, 2020;
Schwaighofer et al., 2015). Indeed, even near transfer — where the initial
learning and the target for subsequent application share many similar-
ities — appears to regularly fail. This is illustrated well by the literature
on “word problems” which require to participants to translate verbal
information into a symbolic arithmetic format before they can use
mathematical tools to solve them. Even in cases where students seem to
have a good grasp of the underlying mathematics, they can struggle to
comprehend the word problem and/or translate it into the underlying
mathematics (Jaffe & Bolger, 2023; Lein et al., 2020). This is particu-
larly striking because it reveals that students are sometimes unable to
transfer their learning to the very same problem, expressed differently.
Having said that, there is also some evidence that near transfer is
sometimes successful. For example, a recent meta-analysis by Hawes
et al. (2022) found that learning spatial skills does help students to
perform better on subsequent mathematics tests. Crucially, the transfer
effects were larger in studies where the subsequent mathematics tests
focused on skills more closely related to spatial thinking (e.g.,
geometry).

Why do some studies suggest that students can transfer what they
learned to nearby areas, but others do not? A plausible explanation is
that it depends on the way in which the students were taught the ma-
terial (Day & Goldstone, 2012). If this is correct, then understanding the
extent to which learning can generalise across domains requires us to
first establish the more and less effective ways of teachers developing
transferable knowledge. Otherwise lack of transfer might simply reflect
teaching methods that were not well-aligned with the goal of transfer. In
any case, studying the efficacy of different instructional methods for
supporting transfer is of more direct use to educators looking to provide
their students with useful knowledge. This research therefore responds
to calls for investigating which particular approaches to teaching (as
reported by the teachers) support the transfer of learning (Day &
Goldstone, 2012).

There are a range of theories about how different pedagogical ap-
proaches can support students to apply what they have learned in
related but novel situations (Hajian, 2019; Lobato, 2006). In this paper,
we study one such theory: instructional methods aimed at schema for-
mation and abstraction. We are interested in this particular approach
both because it is a leading theory and because it is thought to be
relevant to (novice) student learners (Day & Goldstone, 2021; Hinds
etal., 2001; Reed, 1993). While our paper is not the first to evaluate this
theory, the majority of existing empirical research relies on lab experi-
ments, uses researcher-delivered teaching interventions, incorporates
only short delays between these interventions and the subsequent
transfer task, or uses researcher selected outcome measures to capture
the transfer. Although relying on teacher self-reported data, our
contribution is novel in that we use a very large representative dataset to
study how certain pedagogical approaches adopted by mathematics
teachers affect students' ability to transfer what they have learned to
unfamiliar problems in a broad-based mathematics exam. To do so, we
exploit an interesting feature of the Trends in Mathematics and Science
Study (TIMSS): students in some countries have not studied some of the
test material because it does not feature on their national curriculum.

2. Contextualising our study within the broader theoretical
literature on transfer

Research on transfer of learning stretches back well over a century
and a number of different theoretical perspectives have emerged in this
literature (Hajian, 2019; Lobato, 2006). Thorndike's pioneering work
(Thorndike, 2009) focused on similarities in the tasks between which
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learning would need to be transferred (1903/2009). In the second half of
the 20th century, the “cognitive revolution” in psychology led to a
greater emphasis on the similarities between the declarative and pro-
cedural knowledge required to solve two tasks (Singley & Anderson,
1989). Cognitive psychologists also added to this an account of how this
knowledge becomes abstracted from specific scenarios so that it might
better transfer to new scenarios (Reed, 1993). More recently, by
contrast, situated cognition theorists have emphasised the benefits of
contextualised learning (e.g., through apprenticeship) for learning and
transfer, rather than seeing context as something to be overcome (Brown
et al., 1989; Lave, 1988).

Lobato (2006) emphasises that these different theoretical traditions
employ slightly different definitions of transfer and operationalise these
differently in their research. From the classical (cognitive) perspective,
transfer is defined as the application of knowledge learned in one context
to a new context. In practice, this usually amounts to presenting people
with a series of tasks that have somewhat overlapping structure but with
differing surface features. By contrast, the actor-oriented perspective
(including situational theorists) defines transfer more broadly as the
generalisation of learning. Any influence of prior learning episodes on
new activities can therefore be understood as transfer. Lobato states that
this variety in the literature “makes it necessary for researchers to clarify
the phenomenon that they are investigating and provide a rationale for
how the particular transfer definition and approach that is utilized fits the
object of investigation” (Lobato, 2006, p. 438).

In line with this recommendation, our study of transfer should be
understood along the following lines. We are motivated by the desire to
understand which forms of instruction school teachers (based on
teacher's report on these practices) can use to help students transfer the
disciplinary academic knowledge of the sort that is traditionally taught
in secondary schools. In line with this goal, we define transfer in the
classical way and operationalise it as the ability to solve novel mathe-
matical problems using related but distinct knowledge. We set out to test
the classical, cognitivist theory that instruction oriented towards schema
formation and abstraction (see next section) can help pupils achieve
such transfer. This is the mechanistic account of how transfer happens
that we have in mind when we are testing an aligned pedagogical
approach in this paper.

The type of transfer that we study here can be further characterised
using Barnett & Ceci's two-part typology of transfer. The content (or
“what”) of the transfer that we study is the conceptual and procedural
knowledge required to accurately answer mathematics problems. In
particular, students will need to recognise (consciously or unconsciously)
the functionally relevant aspects of the problems that they have encoun-
tered in previous learning episodes, recall the relevant knowledge and
execute the necessary procedures to solve them (Bartha, 2010; Richland
etal., 2012). The context (“when and where”) of the transfer that we study
is the near transfer of academic knowledge within a given subject
(mathematics), occurring within months of the original learning and in
the physical environs of a school. On almost all dimensions in Barnett &
Ceci's framework (with possible the exception of time) our study therefore
addresses near transfer. Given that previous research suggest near transfer
is less difficult than far transfer, our research is looking for transfer in the
place where it is (theoretically) most likely to be found.

3. Instruction oriented towards schema formation and
abstraction

Cognitive psychologists emphasise that, to successfully transfer
learning, students need to recognise the structural similarities between
the problem at hand and their prior knowledge, while also ignoring sur-
face level features that might distract from the relevant similarities (Gros
et al., 2019; Rebello et al., 2017). For example, a primary school pupil
would need to spot that calculating the distance to run around the edge of
a football pitch is fundamentally similar to calculating the perimeter of a
rectangle, while looking beyond the irrelevant surface features of the
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example, such as “running” and “football pitch”. Of course, what counts as
a structural similarity and an irrelevant feature depends on the specifics of
the problem at hand, requiring students to carefully analyse each new
problem and search through their existing knowledge to identify concepts
and procedures relevant to generating a solution.

Cognitive psychologists use the concepts of schema formation and
abstraction to theorise about how this process of recognising structural
similarities might be achieved (e.g., Reed, 1993). Schemas are networks
of related knowledge elements, which can include both conceptual and
procedural knowledge (Ghosh & Gilboa, 2014). For example, a schema
relating to the idea of a right-angled triangle might contain several
interconnected knowledge elements: a triangle has three straight sides,
these three sides come together at three vertices, the interior angle at
one of these vertices is 90 degrees, and so on. Such schemas are formed
through the repeated coactivation of the constituent pieces of knowl-
edge in our memory (Ghosh & Gilboa, 2014). The connected nature of
knowledge within a schema helps reduce the cognitive load involved in
manipulating it within working memory. This helps to free up students'
cognitive resources so that they can focus on applying the schema to the
novel problem at hand (Kalyuga, 2013). Repeated exposure to different
examples of right-angled triangles is thought to separate the schema in
memory from the various concrete examples, each of which comes with
irrelevant idiosyncratic details (Gentner et al., 2003). This process is
known as schema abstraction and is thought to help students recognise
the deep similarities between the problem at hand and the prior
knowledge, thus further supporting transfer.

This theory of transfer implies that teachers should focus on schema
formation to support subsequent transfer. Generally speaking, this re-
quires teachers to prompt the reactivation of prior knowledge before
introducing new knowledge (Sweller, 1988). Three specific pedagogical
approaches have been suggested to achieve this. First, teachers can
explicitly review relevant prior knowledge at the beginning of each
lesson before introducing the new content. Co-activating the existing
and novel memories in this way is thought to help “tie” the new
knowledge to existing schemas (for a recent review, see Meylani, 2024).
For example, Van Kesteren et al. (2014) show in two experiments that
reactivating prior knowledge enhances the integration of new memories
with prior knowledge. Second, teachers can ask students to indepen-
dently solve a problem before they explain how to do so, thus prompting
students to independently connect prior knowledge to the new content
(for a recent review, see Loibl et al., 2016). One way of doing this is to
ask students to attempt a question prior to instruction on how to solve it.
This method, which is known as “productive failure”, has been shown in
lab experiments to aid transfer (Jacobson et al., 2020; Kapur, 2012; Loibl
etal., 2016). Indeed, Sinha and Kapur (2021) provide a meta-analysis of
53 studies, finding benefits of productive failure for the development of
conceptual knowledge. Third, teachers can ask students to explain what
they have just been taught, which again supports the integration of
knowledge with existing schemas by prompting students to relate new
learning to existing knowledge. This has also been shown to support
transfer in lab experiments (Atkinson et al., 2003; Chi et al., 1994; Rittle-
Johnson, 2006) and in educational settings (Atkinson et al., 2003).

As well as emphasising schema formation, the schema theory of
transfer (Gentner et al., 2003; Richland et al., 2012) suggests that
teachers should focus on schema abstraction. This usually requires
teachers to present “case comparisons” (Gick & Holyoak, 1983) which
highlight the common structure of the underlying concept (e.g.,
perimeter), while also separating the schema from incidental features (e.
g., football pitch; garden; desktop) (Gentner et al., 2003). Separating the
underlying structure of the concept from such incidental features is
thought to assist with transfer by reducing irrelevant dissimilarities with
the novel setting in which the knowledge is being applied during
attempted transfer (Gentner et al., 2003). A substantial amount of
empirical research has shown that this sort of analogical comparison
helps to support transfer, particularly when accompanied by the teacher
explicitly identifying what made the cases analogous (Alfieri et al.,
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2013). Such case comparisons can be done by using varying concrete or
practical example problems, which have also been shown to support
transfer (Daniel & Braasch, 2013). Gray and Holyoak (2021) review
empirical evidence suggesting that analogies drawing on familiar, real-
world comparators are particularly effective.

In summary, the schema-based theory of transfer suggests that pupils
will be better able to apply existing knowledge to solve unfamiliar
problems if that knowledge is integrated into abstract schema. This is
because schemas are cognitively efficient for pupils to deploy in solving
novel problems and are divorced from idiosyncratic details, thus brining
into focus the deeper structure. Schema formation can be supported by
teachers through reactivating prior knowledge through review, pro-
ductive failure, and self-explanation. Schema abstraction can be sup-
ported through analogical comparison and explicit identification of the
similarities between analogous cases. In the next section we set out the
TIMSS data that we will use to test whether this sort of teaching is, in
fact, associated with improved near academic transfer among students.

4. Data

The data are drawn from the 4th grade Trends in Mathematics and
Science Study (TIMSS), which is an international assessment designed to
capture the academic skills of 9/10-year-olds and conducted by the In-
ternational Association for the Evaluation of Educational Achievement
(IEA)." Data were collected from a total of 47 countries, including several
members of the OECD. Within each country, primary schools were first
selected with probability proportional to size, with one or two whole
classes then randomly selected from within each sampled school. Response
rates were high among both schools (international average = 98 %) and
pupils (96 %), though were somewhat lower in a handful of countries. Our
analysis — which pools data from across all participating countries — is
based upon a sample of 280,083 pupils taught by a total of 16,050 teachers.
To account for the complex survey design, the TIMSS student® and Jack-
knife replication weights are applied throughout the analysis.

The focus of TIMSS is an assessment of children's mathematics and
science skills. In 2019, the TIMSS study included 171 mathematics
questions, which have been divided into a number of sub-domains (e.g.,
number, geometry, measurement, and data). Given the limited test time
available children cannot be asked all test questions. Instead, the ques-
tions were separated into different clusters/test booklets, which were
then randomly assigned to pupils. Consequently, pupils take a sub-
sample of mathematics questions (approximately 12, depending on the
test booklet4) during 36 min of mathematics test time.

One important feature of TIMSS is that it tests children's knowledge
of an international curriculum, which only partially overlaps with each
country's national curriculum (and thus what pupils are taught at
school). Rich information is collected on this matter for each partici-
pating country at the individual test-question level.” Specifically,

! The approval process for human subjects research and human subjects'
guidelines/principles were assured by the International Association for the
Evaluation of Educational Achievement (IEA) when conducting TIMSS 2019.

2 See https://timss2019.org/reports/wp-content/themes/timssa
ndpirls/download-center/appendices/B_5_ participation-rates-4.pdf for further
details.

3 Senate weights are applied so that each country carries approximately
equal weight in the analysis. This is achieved because these weights sum up to
the same constant value within each country so, within a cross-country
regression model, each country will contribute equally to the analysis.

4 There are a total of 14 different booklets from where students are randomly
assigned to one.

5 We focus on the TIMSS 4th grade data due to their being a sufficient
number of test questions not covered within each country's national curricula to
make our analytic approach feasible. The same is not true for the TIMSS 8th
grade data, where most test questions are part of each country's national
curricula.


https://timss2019.org/reports/wp-content/themes/timssandpirls/download-center/appendices/B_5_%20participation-rates-4.pdf
https://timss2019.org/reports/wp-content/themes/timssandpirls/download-center/appendices/B_5_%20participation-rates-4.pdf

J. Jerrim et al.

Table 1
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Number of TIMSS test questions that are and are not on each country's national mathematics curriculum, but sub-domain.

Number

On -curricula Off -curricula

Geometry and measurement

Data

On -curricula

Off -curricula On -curricula Off -curricula

Armenia 79 4
Australia 35 48
Austria 67 16
Azerbaijan 83 0
Bahrain 83 0
Belgium (Flemish) 76 7
Bulgaria 63 20
Canada 38 45
Chile 75 8
Chinese Taipei 79 4
Croatia 63 20
Cyprus 77 6
Czech Republic 69 14
Denmark 76 7
England 79 4
Finland 75 8
France 76 7
Georgia 67 16
Germany 61 22
Hong Kong SAR 72 11
Hungary 71 12
Iran, Islamic Rep. of 74 9
Ireland 83 0
Italy 75 8
Japan 65 18
Kazakhstan 74 9
Korea, Rep. of 69 14
Latvia 72 11
Lithuania 71 12
Malta 79 4
Netherlands 64 19
New Zealand 58 25
Northern Ireland 79 4
Norway 79 4
Oman 61 22
Poland 80 3
Portugal 83 0
Qatar 74 9
Russian Federation 63 20
Serbia 70 13
Singapore 74 9
Slovak Republic 59 24
Spain 72 11
Sweden 60 23
Turkey 78 5
United Arab Emirates 83 0
United States 81 2

49
20
45
50
50
39
36
13
41
41
52
47
42
52
51
52
52
39
45
41
48
43
48
51
36
50
34
40
45
40
33
37
49
48
38
47
52
41
26
39
38
33
48
43
43
52
47

3 36 0
32 4 32
7 36 0
2 36 0
2 36 0
13 36 0
16 34 2
39 17 19
11 35 1
11 24 12
0 12 24
5 27 9
10 26 10
0 36 0
1 31 5
0 36 0
0 33 3
13 26 10
7 26 10
11 16 20
4 36 0
9 36
4 35 1
1 36 0
16 26 10
2 18 18
18 29 7
12 36 0
7 36 0
12 28 8
19 27 9
15 24 12
3 36 0
4 30 6
14 24 12
5 36 0
0 36 0
11 30 6
26 11 25
13 23 13
14 25 11
19 27 9
4 34 2
9 28 8
9 24 12
0 36 0
5 36 0

Notes: Authors' calculations using TIMSS 2019 database.

experts from each country — who have a detailed knowledge of their
national mathematics and science curricula — complete the TIMSS Test
Curriculum Matching Analysis (TCMA). This involves them inspecting
each TIMSS test question and recording whether it forms part of their
national curriculum or not.° Specifically, the study documentation
(Mullis et al., 2020, Appendix C, p. 530) states: “To gather data about the
extent to which the TIMSS 2019 assessments matched the curricula of the
TIMSS countries and benchmarking participants, NRCs [National Research
Coordinators] were asked to examine each TIMSS achievement item and
indicate whether the particular knowledge and skills assessed by the item was
in their country's intended curriculum at the grade tested (fourth or eighth
grade). The NRCs were asked to choose persons very familiar with the cur-
riculum at these grades to make this determination.” For each country, it is
hence possible to divide TIMSS test questions into two groups: (a) those
questions covered within the national curriculum of a country; (b) those

6 See https://timss2019.org/reports/wp-content/themes/timssandpirls/dow
nload-center/appendices/T19 AppC_1-4 TCMA.pdf for further details.

questions that are not.”

Table 1 provides a breakdown of questions on and not on the cur-
riculum by mathematics sub-domain for each country. From this table
there are three key points to note. First, in most countries, most of the
TIMSS questions are covered by the national curricula. Second, there is a
subset of seven countries (Australia, Canada, Netherlands, New Zealand,
Oman, Russia and the Slovak Republic) where there is a more even split
between questions on/off the curriculum. Third, the number of “off-
curriculum” items is particularly sparse when looking within the sub-
domains. This final point becomes even more important in the context
of the rotated TIMSS test design (discussed in the paragraph above); the
actual number of off-curriculum questions any given child answers in a
particular sub-domain (e.g., Data) will be small. See Appendix A for a

7 However, the precise wording of the questions cannot be accessed because
the IEA only releases a very little proportion of test items to prevent schools
teaching-to-the-test their students, which can compromise the tests' integrity to
measure students' competences.
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Percentage of correct on-curriculum mathematics questions

Density

T T T T T T
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kernel = epanechnikov, bandwidth = 1.7955

Percentage of correct off-curriculum mathematics questions

Density

T T T T T T
0 20 40 60 80 100

kernel = epanechnikov, bandwidth = 2.5431

Fig. 1. Kernel density distribution percentage of correct on- and off-curriculum
mathematics questions.

country-by-country breakdown of this issue.
Using this information, we create two mathematics test scores for
pupils:

1) On-curriculum (familiar question) score = Percent of “familiar”
questions (i.e. those that are on the national curriculum) that the
pupil answered correctly.

2) Off-curriculum (novel/unfamiliar question) score = Percent of
“novel”/“unfamiliar” questions (i.e. those questions not on the cur-
riculum) that the pupil answered correctly.®

The correlation between these two scores is 0.49.° Our primary
outcome is children's score (percent correct) on the novel off-curriculum

8 These two measures have been computed using the number of correct an-
swers and the total number of questions that students actually took (on- and off-
curriculum, respectively) instead of using an imputation methodology such as
Item Response Theory (IRT) to fill the gaps on those questions that the student
was not administered. This methodology was not used as international large-
scale assessments that employ this methodology (e.g., the Programme for In-
ternational Student Assessment — PISA — or TIMSS) do not provide enough in-
formation to precisely replicate their imputation models (i.e. these models are
like “black boxes™) and the missing information due to not administered
questions is so high in some occasions that these imputations may not be reli-
able (Jerrim et al., 2017)

9 The correlation is 0.65 within the subset of seven countries where there is a
more even split between on/off-curriculum questions.
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questions — their performance on test items that are likely to be less
familiar to them. We also perform some question level analysis of the off-
curriculum items as well (see the Methodology section below for further
details). In contrast, pupils score (percent correct) on the on-curriculum
questions will enter some of our empirical models as a control. The
kernel density distribution of both measures is present in Fig. 1.

As part of TIMSS, pupils' mathematics teacher completes a back-
ground questionnaire, which includes questions relating to their
instructional approach. As it is stated in the TIMSS framework (Mullis &
Martin, 2017), instructional practices and strategies, which are class-
room variables, “are gathered as most teaching and learning in school
takes place in the classroom, so successful learning is likely to be
influenced by the classroom environment and instructional activities”
(p. 70). We make use of five items from this questionnaire that capture
the extent to which teachers' pedagogy reflects the approach to teaching
for transfer set out in Section 2 above which, as previously described, is
based on review of previous material, productive failure, self-
explanation, the use of case comparisons through providing familiar
concrete analogues and comparable cases (Alfieri et al., 2013; Barnett &
Ceci, 2002; Chi et al., 1994; Gentner et al., 2003; Gick & Holyoak, 1983;
Jacobson et al., 2020; Kapur, 2012; Loibl et al., 2016; Richland et al.,
2012; Rittle-Johnson, 2006; Sweller, 1988). These questions are:

1) How often do you link content to students' prior knowledge?

2) How often do you ask students to decide their own problem-solving
procedures?

3) How often do you ask students to explain their answers?

4) How often do you relate the lessons to students' daily lives?

5) How often do you ask students to apply what they have learned to
new problem situations on their own?

Items 1-3 reflect the goals of schema formation via review of previous
material (item 1), productive failure (item 2), and self-explanation (item 3).
Items 4 and 5 reflect the use of case comparisons through providing familiar
concrete analogues (item 4) and comparable cases (item 5) for the content
being studied. Teachers responded to each of these questions using a four-
point scale (never, some lessons, about half the lessons, every or almost
every lesson). The distributions of these variables are presented in Fig. 2.

Our analysis focuses on differences in achievement on novel ques-
tions —i.e. those not covered by national curricula. Initially, we use Item-
Response Theory to combine responses from these five questions into a
single, quasi-continuous “Teaching for Transfer scale”, which we then
standardise to mean zero and standard deviation one.'’ We then explore
the strength of the association between this scale and the percent of
unfamiliar questions pupils answered correctly. In doing so, we note that
— for each of the individual instructional approaches — between 40 % and
80 % of teachers reported that they used the approach in most/every
lesson. We therefore test the robustness of our findings re-running our
analysis considering each of the different instructional approaches
separately. Specifically, responses to the questions about the use of
different instructional approaches will be entered as a set of dummy
variables comparing whether teachers use the approach in “almost every
lesson” or “about half of lessons”, compared to only in “some lessons”/
“never” as the reference group. This criterion has been chosen in order to
facilitate the interpretation of the estimations, as the sign of the obtained
coefficients in the estimations could be more intuitive.

5. Methodology
5.1. General transfer of mathematics skills

Our primary analysis is based on an Ordinary Least Squares (OLS)

10 The average Cronbach alpha for this scale across TIMSS 2019 countries is
0.68.
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(a) Link new content to students” prior knowledge

8
80

60
60

Percent
40

0

,
5

(d) Relate the lesson to students’ daily lives

Percent
40

Fig. 2. Histograms of the relative frequencies

regression model, capturing the relationship between the five teaching
approaches listed above and pupil's ability to solve novel/unfamiliar
mathematics problems (i.e. questions that do not form part of their na-
tional curricula). Focusing on whether teachers relate lesson content to
pupils lives as an example, fori =1, ...,280,083 pupils, j =1, ...16,050
teachers and k = 1, ...47 countries, the model is specified as:

Nk = a+ .Aj + 06X +8.Cije + Uk + €k (1a)

where:

Njix = Percent of novel/unfamiliar mathematics questions — not
covered by pupil i's national curricula - that they answered correctly.

Aj = The “teaching for transfer” scale, standardised to mean zero
and standard deviation one. Greater values on this scale indicate that the
teacher uses the five instructional approaches presented in Fig. 2 with
greater frequency.

Xj = A vector of background pupil, teacher and class controls. See
Appendix B for a full list of controls included in each model.

Cjx = The percent of “familiar” mathematics questions — those that
would be taught as part of pupil's i's national curricula — that they
answered correctly.

1, = Country fixed effects. See Appendix B for a full list of countries.

&i = Random error term. Following recommended practice when
analysis TIMSS data (Fishbein et al., 2021), the hierarchical structure
(pupils nested within teachers/classes nested within schools) is fully
accounted for via the application of the Jackknife replication weights
supplied with the dataset.

Four specifications of this model are estimated including variables in
a stepwise fashion, always including the teaching for transfer scale (Aj).
The purpose of this approach is to check the behaviour of coefficients (i.
e. in value, sign and significance) while additional controls are added. In
model M1 no controls are included other than country fixed effects (i),
while model M2 adds background controls for pupil, teacher and class
characteristics (Xjk).11 The parameter of interest from this model is .
This captures the association of each standard deviation increase in the
teaching for transfer scale on the percent of novel mathematics

11 Missing flags are used to account for the small amount of missing covariate
data.

(b) Decide their own problem solving procedures
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(¢) Ask students to explain their answers

(e) Apply learning to new problem situations on their own

of the different instructional approaches.

questions pupils answered correctly. Alternatively, when considering
each instructional approach separately,  captures the percentage point
difference in the percent of novel mathematics questions pupils
answered correctly between those whose teachers used the approach in
question (e.g., relate content to students lives) in almost every lesson or
in around half of lessons relative to the reference group (some lessons or
not at all). These thus serve as our baseline estimates.

M1

Ny = a+ f.Ap + Uk + ik (1b)
M2

Nijx = a+ p.Aj + 0 Xy + Uux + €5k (1c)

Specification M3 then adds variable Cj — the percent of “familiar”
questions answered correctly — as an additional control. The intuition
underpinning this specification is that we wish to know whether there
are benefits of certain teaching approaches for solving novel/unfamiliar
tasks over and above its potential association with familiar mathematics
questions that they would have been directly taught about at school.
This will now be captured by the § estimate from specification M3,
demonstrating whether the frequency teacher uses the instructional
approaches is independently associated with pupils' ability to solve
unfamiliar problems.

M3

Nijk = a+ﬁ~Ajk +G~Xijk+5-cijk+uk+gijk (ld)

Finally, in specification M4, we also include an interaction between
the teaching for transfer scale (Aj;) and pupils' abilities to solve familiar
mathematics problems (Cy), i.e. Cj*Aj. Specifically:

M4

Nijk =a +ﬁ.A}~k +0'~Xijk + 5~Cijk + }’.Cijk*Ajk + Uk + Eijic (1e)

With all variables defined as under Eq. (1a) above. The parameter of
interest from this final specification is the coefficient of the interaction
term Cy *Aj, this is, y — whether the influence of the teaching for transfer
scale on pupils' ability to solve novel/unfamiliar tasks differs depending
upon their ability to solve familiar mathematics problems. The intuition
is that the beneficial associations of the teaching approaches for solving
novel problems may only be apparent for those who have mastered the
basics (or, at least, have mastered the mathematics skills that they have
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Table 2

Regression model estimates of the association between the teaching for transfer scale and children's achievement on questions outside of the curriculum.

Learning and Individual Differences 118 (2025) 102609

(a) All countries

Model 1 Model 2 Model 3 Model 4
Beta SE Beta SE Beta SE Beta SE
Teaching for transfer scale (1 SD 1) 0.730* 0.155 0.396* 0.141 0.006 0.108 —-0.154 0.143
% correct on curriculum questions - 0.571* 0.005 0.571* 0.005
Interaction - 0.003 0.002
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 280,083 280,083 280,083 280,083
Number teachers 16,050 16,050 16,050 16,050
Number countries 47 47 47 47
R-squared 0.244 0.283 0.396 0.396
(b) Seven focus countries
Model 1 Model 2 Model 3 Model 4
Beta SE Beta SE Beta SE Beta SE
Teaching for transfer scale (1 SD 1) 0.492 0.388 0.192 0.330 -0.128 0.206 -0.179 0.275
% correct on curriculum questions - 0.595* 0.008 0.595* 0.008
Interaction - - 0.001 0.005
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 50,946 50,946 50,946 50,946
Number teachers 3004 3004 3004 3004
Number countries 7 7 7 7
R-squared 0.071 0.157 0.442 0.442

Notes: The outcome measure is the percent of questions outside of the curriculum that pupils' answers correctly. A value of 1 in the “Beta” column would hence indicate
that a one standard deviation increase in the teaching for transfer scale is associated with a one percentage point increase in the percent of questions answered
correctly. “SE” refers to the estimated standard error. The seven focus countries are Russia, Netherlands, Australia, Canada, Slovak Republic, New Zealand and Oman
(where the proportion of questions not on the curriculum is greatest). * indicates statistical significance at the 5 % level. Senate weights and S.E. clustered by school

have been included.

been taught at school). Indeed, it would be difficult for any pupil to be
expected to solve novel mathematics problems if they cannot even solve
things that they have been taught about in school (and should hence be
familiar with). We therefore test the null hypothesis of whether y = 0
against the alternative that y > 0; whether the efficacy of teaching for
transfer for solving novel tasks may be greater for more able pupils who
have developed mastery of the mathematics skills they have been taught
at school.

5.2. Near transfer analysis

The aforementioned analytic approach focused on the transfer of
general mathematics skills to unfamiliar test questions. There has been
some debate in the literature, however, as to how far mathematics skills
can and do generalise across different content areas (Hawes et al., 2022).
For instance, if a child excels at geometry questions they have been
taught extensively about at school, to what extent should we expect
them to be able to solve novel/unfamiliar mathematics questions about
“data” or “probability”? Take as an example question number
“mp71217a” in the data domain. This asks students to read off data from
a simple line graph and is covered in the national curricula in 32 of the
47 countries under analysis. In this case, we want to see if students in the
other 15 countries could answer this question correctly, despite it not
being covered within the national curricula. Hence, in the second stage
of our analysis, we focus more specifically on the “near transfer” of
mathematics skills. To what extent do certain instructional approaches

correlate with pupils being able to solve unfamiliar problems within
specific content areas?

Given the sparse number of questions each individual pupil answers
in each of the TIMSS content areas (number, data, geometry and mea-
surement) it is not practical to construct domain-specific test scores
using the novel questions (e.g., most pupils answered less than five
unfamiliar questions in the data domain — see Appendix A for further
details). We thus conduct a question-level analysis, for each question in
turn, pooling together data from across all TIMSS 2019 countries. Spe-
cifically, for each question, we begin by restricting the sample to only
those pupils for whom the question would be unfamiliar (i.e. not on the
national curricula). We then estimate a series of logistic regression
models:

logit(Py) = a+ BAx + 5.C§k + W + €4 (2a)

where:

Py = A dummy variable that indicates whether the pupil answers the
question correctly (1) or not (0).

Ajx = The teaching for transfer scale, standardised to mean zero and
standard deviation one. Greater values on this scale indicate that the
teacher uses the five instructional approaches presented in Fig. 2 with
greater frequency.

ij?k = The percent of familiar items answered correctly within the
same mathematics domain as the (unfamiliar) question under
investigation.
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Table 3
Regression model estimates of the association between how often teachers link content to students' prior knowledge and children's achievement on questions outside of
the curriculum.

(a) All countries

Model 1 Model 2 Model 3 Model 4
Beta SE Beta SE Beta SE Beta SE
Link content to prior knowledge
Never/some lessons (reference)
About half of lessons 1.072 0.619 0.842 0.549 0.367 0.423 0.393 0.440
Almost every lessons 2.018* 0.583 1.473* 0.518 0.817* 0.400 0.880 0.479
% correct on curriculum questions - - 0.571* 0.005 0.571* 0.005
Interaction - - —0.001 0.002
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 280,083 280,083 280,083 280,083
Number teachers 16,050 16,050 16,050 16,050
Number countries 47 47 47 47
R-squared 0.244 0.283 0.396 0.396
(b) Seven focus countries
Model 1 Model 2 Model 3 Model 4
Beta SE Beta SE Beta SE Beta SE
Link content to prior knowledge
Never/some lessons (reference)
About half of lessons 0.185 2.186 —0.825 2.044 0.679 1.122 0.704 1.133
Almost every lessons 0.251 2.083 —0.975 1.952 0.514 1.062 0.580 1.116
% correct on curriculum questions - 0.595* 0.008 0.595* 0.008
Interaction - - - —0.001 0.004
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 50,946 50,946 50,946 50,946
Number teachers 3004 3004 3004 3004
Number countries 7 7 7 7
R-squared 0.071 0.158 0.442 0.442

Notes: The outcome measure is the percent of questions outside of the curriculum that pupils' answers correctly. A value of 1 in the “Beta” column would hence indicate
that applying learning to new problems in most versus some lessons is associated with a one percentage point increase in the percent of questions answered correctly.
“SE” refers to the estimated standard error. The seven focus countries are Russia, Netherlands, Australia, Canada, Slovak Republic, New Zealand and Oman (where the
proportion of questions not on the curriculum is greatest). * indicates statistical significance at the 5 % level. Senate weights and S.E. clustered by school have been

included.

ux = Country fixed effects. See Appendix B for a full list of countries.

& = Random error term. Following recommended practice when
analysis TIMSS data (Fishbein et al., 2021), the hierarchical structure
(pupils nested within teachers/classes nested within schools) is fully
accounted for via the application of the Jackknife replication weights
supplied with the dataset.

Three specifications of this model are estimated. First (M1) we
consider the unconditional association between the teaching for transfer
scale (Aj) and the probability of answering each question correctly
(P Specifically, from the model we predict the probability of a correct
response for pupils whose teacher uses the five instructional approaches
frequently (one standard deviation above the mean) compared to those
pupils whose teacher uses the approaches infrequently (one standard
deviation below the mean).

M1
lOg'it(Pijk) =a+ ﬂ.Ajk + Uk + €ijk (2b)

Second, in (M2) we add the variable Cgk to the model and produce
analogous estimates. In particular, the  parameters now reveal whether
the chances of getting an unfamiliar question correct (from a specific

mathematics content area) is associated to the teaching for transfer
scale, over and above pupil's skills in answering familiar problems
within the same content area. It thus speaks directly to the issue of
whether these different approaches are associated to the “near transfer”
of mathematics skills.

M2
logit(Py) = a+ BAx + 5.ij’k + Uk + &gk (2¢)

Finally, we also add an interaction term to the model M3, i.e. Ajk*Cgk:
M3

logit (Py) = a+ f.Aj +5.Ch + 1. Ap*Chi + Uk + €4 @d)

The parameter of interest from this final model is from the interac-
tion term (y). It reveals whether the influence on the score on the un-
familiar questions of greater exposure to the teaching approaches only
occurs for more able pupils who have managed to master the mathe-
matics content that they have been taught within that particular math-
ematics content area (e.g. data) within schools. While we are not aware
of other papers that have used this specification, it seems sensible to us
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Table 4
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Regression model estimates of the association between how often teachers ask students to decide their own problem-solving procedures and achievement on questions

outside of the curriculum.

(a) All countries

Model 1 Model 2 Model 3 Model 4
Beta Beta SE Beta SE Beta SE
Ask students to decide their own problem-solving procedures
Never/some lessons (reference)
About half of lessons 1.172* 0.837* 0.306 0.139 0.233 0.065 0.242
Almost every lessons 1.454* 0.853* 0.315 —0.070 0.243 —0.212 0.260
% correct on curriculum questions - 0.571* 0.005 0.571* 0.005
Interaction - - - 0.003 0.002
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 280,083 280,083 280,083 280,083
Number teachers 16,050 16,050 16,050 16,050
Number countries 47 47 47 47
R-squared 0.244 0.283 0.396 0.396
(b) Seven focus countries
Model 1 Model 2 Model 3 Model 4
Beta Beta SE Beta SE Beta SE
Ask students to decide their own problem-solving procedures
Never/some lessons (reference)
About half of lessons 1.609 1.203 0.733 —0.011 0.453 —0.006 0.459
Almost every lessons 1.629* 1.375 0.713 —0.078 0.440 —-0.070 0.473
% correct on curriculum questions - 0.595* 0.008 0.595* 0.008
Interaction - —0.000 0.004
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 50,946 50,946 50,946 50,946
Number teachers 3004 3004 3004 3004
Number countries 7 7 7 7
R-squared 0.071 0.158 0.442 0.442

Notes: The outcome measure is the percent of questions outside of the curriculum that pupils' answers correctly. A value of 1 in the “Beta” column would hence indicate
that applying learning to new problems in most versus some lessons is associated with a one percentage point increase in the percent of questions answered correctly.
“SE” refers to the estimated standard error. The seven focus countries are Russia, Netherlands, Australia, Canada, Slovak Republic, New Zealand and Oman (where the
proportion of questions not on the curriculum is greatest). * indicates statistical significance at the 5 % level. Senate weights and S.E. clustered by school have been

included.

based on the schema theory of transfer. Unless pupils have a good un-
derstanding of the underlying mathematics, it is intuitively unlikely that
instruction aimed at helping them to transfer that mathematics (e.g.,
through case comparisons) will be effective.

Note that, as (2a) and (2d) are estimated separately for each TIMSS
question, a large number of parameter estimates are generated (83 in the
number domain, 52 in geometry and measurement and 36 in data). We
thus focus upon summary measures when presenting the results,
including graphical plots and the average of the parameter estimates
across all items within a domain. This, in-turn, balances the demands of
presenting robust results that can also be straightforwardly interpreted
and understood.

6. Results
6.1. General transfer of mathematics skills
Table 2 provides results, having combined the five separate teaching

approaches into an overarching “Teaching for Transfer” scale. In
particular, the estimates capture the influence of each standard

deviation increase in the teaching for transfer scale on the percent of
novel/unfamiliar questions pupils answered correctly. Panel (a) uses the
pooled data across all 47 participating countries, while panel (b) uses
the sub-sample of seven countries where the number of unfamiliar (off-
curriculum) questions on the TIMSS assessment was greatest.

The results from models M1, M2 and M3 all tell a similar story. There
is little evidence of an association between the frequency primary
teachers use each approach and their pupil's ability to solve novel/un-
familiar problems. Note, in particular, how the magnitudes of the
parameter estimates are small and — despite the very large sample size
(280,000 pupils and 16,000 teachers) — fluctuate in statistically signif-
icance across samples and model specifications. This holds true
regardless of whether we control for pupil's performance on familiar
“on-curriculum” questions (model M3) or not (M1 or M2). For instance,
the estimates across M1, M2 and M3 are below one percentage point,
and do not reach statistical significance at the 5 % level once perfor-
mance on the questions included in the curricula have been controlled in
model M3. There is hence robust, well-powered evidence that frequent
use of procedural instruction is not associated to pupils' ability to solve
novel mathematics problems.
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Table 5
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Regression model estimates of the association between how often teachers ask students to explain their answers and children's achievement on questions outside of the

curriculum.

(a) All countries

Model 1 Model 2 Model 3 Model 4
Beta SE Beta SE Beta SE Beta SE
Ask students to explain their answers
Never/some lessons (reference)
About half of lessons 1.193* 0.534 0.833 0.485 0.261 0.380 0.175 0.395
Almost every lessons 2.100% 0.507 1.371* 0.460 0.388 0.358 0.196 0.426
% correct on curriculum questions - - 0.571* 0.005 0.571* 0.005
Interaction - - 0.002 0.002
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 280,083 280,083 280,083 280,083
Number teachers 16,050 16,050 16,050 16,050
Number countries 47 47 47 47
R-squared 0.244 0.283 0.396 0.396
(b) Seven focus countries
Model 1 Model 2 Model 3 Model 4
Beta SE Beta SE Beta SE Beta SE
Ask students to explain their answers
Never/some lessons (reference)
About half of lessons 1.062 1.530 0.445 1.361 -1.017 0.792 —1.029 0.823
Almost every lessons 2.081 1.395 1.260 1.226 —0.816 0.730 —0.845 0.818
% correct on curriculum questions - 0.595* 0.008 0.595* 0.008
Interaction - - 0.000 0.004
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 50,946 50,946 50,946 50,946
Number teachers 3004 3004 3004 3004
Number countries 7 7 7 7
R-squared 0.071 0.158 0.442 0.442

Notes: The outcome measure is the percent of questions outside of the curriculum that pupils' answers correctly. A value of 1 in the “Beta” column would hence indicate
that applying learning to new problems in most versus some lessons is associated with a one percentage point increase in the percent of questions answered correctly.
“SE” refers to the estimated standard error. The seven focus countries are Russia, Netherlands, Australia, Canada, Slovak Republic, New Zealand and Oman (where the
proportion of questions not on the curriculum is greatest). * indicates statistical significance at the 5 % level. Senate weights and S.E. clustered by school have been

included.

The final column of Table 2 presents estimates where we include an
interaction between the teaching for transfer scale and pupil's skills in
mathematics content that is covered on their national curricula (model
M4). A null effect is again found; the estimate for the interaction is very
small in absolute magnitude (equivalent to less than a 0.01 percentage
point change in the outcome) and not statistically significant at con-
ventional thresholds. There is hence also no evidence that the efficacy of
the different instructional approaches for solving novel problems is
conditioned upon pupil's mastery of the mathematics topics that are on
the national curricula.

Tables 3-7 present analogous results for the association between
each of the five teaching approaches individually and the general
transfer of mathematics skills to solve unfamiliar problems. Consistent
with the discussion above, null effects are typically found. There is hence
no evidence that the teaching approaches under investigation are —
either individually or collectively — associated with the probability of
answering novel mathematics problems correctly.

10

6.2. Near transfer of mathematics skills

Tables 27 has thus far demonstrated how teachers use of procedural
approaches are not correlated to the general/“far” transfer of mathe-
matics skills. But might there be greater evidence for their being “near
transfer” within a specific mathematics content area? Fig. 3 panel pre-
sents results for the TIMSS Number domain (Appendix C provides
analogous estimates for the Data and Geometry and Measure content
areas which produce similar substantive results) from Eq. (2b). Each dot
refers to one of the TIMSS “Number” questions. Estimates along the
horizontal axis refer to the estimated percent of pupils who answered the
questions correctly when they received the instructional approaches
infrequently (one standard deviation below the teaching for transfer
mean). Those on the vertical axis are where the approaches were used
frequently (one standard deviation above the teaching for transfer
mean). Recall that, as the sample for each question has been restricted to
those countries where it is not part of the curriculum, the focus
throughout is pupils for whom the question is novel/unfamiliar. Note
that the results presented in Fig. 3 are unconditional, with analogous
estimates having controlled for pupil's ability in “familiar”/on-
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Table 6
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Regression model estimates of the association between how often teachers relate the lessons to students' daily lives and children's achievement on questions outside of

the curriculum.

(a) All countries

Model 1 Model 2 Model 3 Model 4
Beta SE Beta SE Beta SE Beta SE
Relate the lessons to students' daily lives
Never/some lessons (reference)
About half of lessons 0.465 0.421 0.380 0.388 0.131 0.290 —0.068 0.309
Almost every lessons 0.474 0.411 0.204 0.382 0.074 0.283 —0.381 0.373
% correct on curriculum questions - - 0.571* 0.005 0.571* 0.005
Interaction - - 0.004 0.002
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 280,083 280,083 280,083 280,083
Number teachers 16,050 16,050 16,050 16,050
Number countries 47 47 47 47
R-squared 0.244 0.283 0.396 0.396
(b) Seven focus countries
Model 1 Model 2 Model 3 Model 4
Beta SE Beta SE Beta SE Beta SE
Relate the lessons to students' daily lives
Never/some lessons (reference)
About half of lessons 1.543 0.903 1.105 0.811 —0.136 0.469 0.018 0.551
Almost every lessons 1.252 0.852 0.833 0.767 0.100 0.451 0.446 0.706
% correct on curriculum questions - 0.595* 0.008 0.595* 0.008
Interaction - - —0.003 0.005
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 50,946 50,946 50,946 50,946
Number teachers 3004 3004 3004 3004
Number countries 7 7 7 7
R-squared 0.071 0.158 0.442 0.442

Notes: The outcome measure is the percent of questions outside of the curriculum that pupils' answers correctly. A value of 1 in the “Beta” column would hence indicate
that applying learning to new problems in most versus some lessons is associated with a one percentage point increase in the percent of questions answered correctly.
“SE” refers to the estimated standard error. The seven focus countries are Russia, Netherlands, Australia, Canada, Slovak Republic, New Zealand and Oman (where the
proportion of questions not on the curriculum is greatest). * indicates statistical significance at the 5 % level. Senate weights and S.E. clustered by school have been

included.

curriculum questions within the relevant domain provided in Appendix
D (Eq. 2c¢) and adding the interaction between the instructional
approach and pupil's ability in “familiar”/on-curriculum questions
within the relevant domain (Eq. 2d) in Appendix E. The same substan-
tive conclusions are reached.

Almost all data points sit on the black 45-degree line in Fig. 3. This
illustrates how, when questions are unfamiliar to pupils, the percentage
of correct answers is equal for those one standard deviation above the
mean of the teacher transfer scale and those one standard deviation
below the mean of the teacher transfer scale. For instance, the average
percent who answer unfamiliar questions correctly when the teaching
approaches are used frequently (in almost every lesson) is 50.5 %,
compared to 49.2 % when these approaches are hardly ever used —
virtually no difference at all. The same holds true across each of the five
teaching approaches when we investigate them individually (see Ap-
pendixes F, G and H). Indeed, for two questions (relating lessons to
students lives and asking students to explain their answers) most data
points sit slightly below the 45-degree line; i.e. not being exposed to
these teaching techniques (compared to doing them in most lessons)
seems to be slightly more correlated to a higher likelihood of answering
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the novel questions correctly.

These substantive findings are robust to looking at different content
domains and whether performance on familiar (on-curriculum) skills is
controlled for or not. There is hence also no evidence that the five
teaching approaches we consider are associated with the “near transfer”
of skills to solving unfamiliar problems, at least among primary school
pupils.

7. Discussion

There has long been interest in education research on the issue of
“transfer” — the extent to which specific knowledge and skills taught in
school enable young people to be able to solve new, unfamiliar, prob-
lems in distinct (though perhaps conceptually related) areas. While ev-
idence suggests that far-transfer is unlikely (Kassai et al., 2019; Moga
et al., 2000; Sala & Gobet, 2020; Schwaighofer et al., 2015), near-
transfer may in some cases be possible (e.g., Hawes et al., 2022). This
has prompted calls for more research on which particular instructional
approaches teachers should use to help support transfer (Day & Gold-
stone, 2012). Previous work investigating this issue has largely been
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Table 7
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Regression model estimates of the association between assigning pupils novel problem-solving tasks and children's achievement on questions outside of the curriculum.

(a) All countries

Model 1 Model 2 Model 3 Model 4
Beta SE Beta SE Beta SE Beta SE
Assigning pupils novel problem-solving tasks
Never/some lessons (reference)
About half of lessons 1.349* 0.420 0.763* 0.375 0.273 0.275 0.230 0.276
Almost every lessons 1.759* 0.417 1.018* 0.375 0.272 0.273 0.196 0.274
% correct on curriculum questions - - 0.571* 0.005 0.571* 0.005
Interaction - - - 0.002 0.002
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 280,083 280,083 280,083 280,083
Number teachers 16,050 16,050 16,050 16,050
Number countries 47 47 47 47
R-squared 0.244 0.283 0.396 0.396
(b) Seven focus countries
Model 1 Model 2 Model 3 Model 4
Beta SE Beta SE Beta SE Beta SE
Assigning pupils novel problem-solving tasks
Never/some lessons (reference)
About half of lessons 1.178 1.188 0.551 1.040 0.551 0.601 0.567 0.598
Almost every lessons 1.326 1.143 0.658 0.998 0.514 0.576 0.544 0.570
% correct on curriculum questions - - 0.595* 0.008 0.595* 0.008
Interaction - - - —0.001 0.004
Controls
Pupil demographics - Y Y Y
Teacher demographics - Y Y Y
Class characteristics - Y Y Y
Pupil pre-school skills - Y Y Y
Country fixed effect Y Y Y Y
Number pupils 50,946 50,946 50,946 50,946
Number teachers 3004 3004 3004 3004
Number countries 7 7 7 7
R-squared 0.071 0.157 0.442 0.442

Notes: The outcome measure is the percent of questions outside of the curriculum that pupils' answers correctly. A value of 1 in the “Beta” column would hence indicate
that applying learning to new problems in most versus some lessons is associated with a one percentage point increase in the percent of questions answered correctly.
“SE” refers to the estimated standard error. The seven focus countries are Russia, Netherlands, Australia, Canada, Slovak Republic, New Zealand and Oman (where the
proportion of questions not on the curriculum is greatest). * and ** indicates statistical significance at the 10 % and 5 % levels. Senate weights and S.E. clustered by

school have been included.

based on lab experiments (Alfieri et al., 2013; Hawes et al., 2022) in
somewhat unrealistic settings. We set out to build on this work via a
secondary analysis of a very large sample of pupils and teachers, thereby
allowing us to investigate the association between certain self-reported
pedagogical approaches used in authentic classrooms and the transfer of
mathematics skills.

We find no correlation between professed teaching for conceptual
understanding and near academic transfer. Across each of the five
instructional approaches considered — each of which are intended to
help with the formation and abstraction of schemas — we find no evi-
dence that they are associated with pupil's ability to solve unfamiliar
mathematics problems. This finding is robust to different sample re-
strictions, model specifications, and various measures of transfer. This
result also holds regardless of how well pupils have mastered the
mathematics concepts they have been taught at school. Further, we find
no evidence of this association for transfer even when we look at near
transfer within sub-domains of mathematics. Indeed, the type of transfer
that we analyse is of the “near” type on almost every dimension sug-
gested by a leading typology of transfer (Barnett & Ceci, 2002). In sum,
our analysis provides little support for pedagogical approaches aligned
with the schema theory of transfer (Gentner et al., 2003; Richland et al.,

12

2012).

Clearly, our results do not lend support to the claims that instruction
focused on schema formation and abstraction help with transfer,
particularly among primary school pupils (Richland et al., 2012). This
finding, which is based on self-reported teaching practices of real
teachers, contrasts with the results from lab experiments (Chi et al.,
1994; Jacobson et al., 2020; Kapur, 2012; Loibl et al., 2016; Rittle-
Johnson, 2006). This is puzzling, as many of these lab experiments
employ very similar instructional methods to those measured in our
study. One potential explanation for this is that our study involves
longer time lags between the teaching episodes and the measure of
learning (perhaps even months) compared to many lab studies. Such
time lags are one of the six contextual variables that Barnett & Ceci
(2002) suggest might explain differences in findings around transfer.
Indeed, Alfieri et al. (2013) conduct a moderator analysis in large meta-
analytic sample, showing that time-lag is a powerful moderator of the
effects of case comparisons on transfer. While we can only speculate as
to why time lags might affect transfer in this way, Alfieri et al. (2013)
suggest that the inferences drawn from analogical comparison may be
tentative in nature and therefore prone to decay over time if not
corroborated by further comparisons. Another potential explanation
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Fig. 3. Predicted probability of correct responses to questions not on the na-
tional curriculum by teacher transfer scale. Unconditional estimates for the
number domain.

Notes: Each dot refers to a single question from the number domain. Black 45-
degree line is where the percentage of correct answers is equal for those one
standard deviation above the mean of the teacher transfer scale and those one
standard deviation below the mean of the teacher transfer scale. Estimates
based upon data pooled across all countries.

(Source: Authors' own calculations.)

regarding the differences of our results compared to experiments that
find positive transfer results for 4th grade students'? might be that these
experiments are normally based on a very reduced sample, which may
translate into not representative results that are only applicable to the
particular population under analysis.

Alongside this, it is plausible that the difference in findings is
explained by our study being based on data collected from authentic
classroom environments, where it may simply be harder than in a lab
setting to exercise enough control to effectively use the instructional
approaches that we study. Future research should test this directly by
trying to replicate these lab experimental results in large, realistic field
experiments. A third explanation for this puzzle is that the set of peda-
gogical approaches that we study is not so much wrong as incomplete.
For example, theories of “powerful learning environments” suggest that
formation and abstraction of schemas may be insufficient in that transfer
across settings requires recontextualization of the learning (De Bruijn &
Leeman, 2011; Fettes et al., 2020). Our data does not capture this aspect
of pedagogy, and we were therefore not able to test it. However, future
research should explore this further.

These findings do of course need to be interpreted in the light of the
limitations of this study. Four issues stand out. First, our analysis has
focused upon the issue of transfer of mathematics skills. Although it
seems unlikely that stronger evidence would emerge for other subject
areas, we cannot rule this out, and the study of the science subject using
TIMSS available data (which presents three content areas: life, physical
and Earth science) could be useful for future research works. Second,
this research has been based on primary school pupils (age 9/10). It may
be possible to teach transferable skills to pupils who are older, and we
believe this to be an important area for future research. Third, the cross-
sectional nature of the TIMSS data means our estimates refer to associ-
ations only and may not capture cause and effect.

Finally — and perhaps most importantly — the information on the
teaching approaches used has been self-reported by teachers. It is
therefore likely to be subject to some reporting error. This may, for
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instance, also explain why most teachers report using the various
instructional approaches in most or all of their lessons (recall Fig. 2),
with the measures available lacking the necessary sensitivity to pick up
subtle but important variations in classroom practice. This could extend
to the teaching for transfer scale, which has been employed as a sum-
mary variable of these self-reported teaching approaches. Unfortu-
nately, it is not possible with existing data to interrogate the magnitude
of the measurement error in the information on instructional approaches
reported by teachers, or to empirically establish the impact that this has
on our results. As such, measurement error in our covariate of interest —
the instructional approaches used by teachers — remains a possible
explanation for the null associations found. The gold standard for future
work would be for information on teaching approaches to be based on
expert coding of video-taped lessons. With respect to the TIMSS study,
given its global reach, the study organisers should consider conducting a
validation study of the measures collected within the questionnaires to
establish the extent these instruments are genuinely able to capture
variation in classroom practice.

Notwithstanding these limitations and the correlational results, we
believe our null findings may help us conjecture about how schools
should be run. Some have argued that this requires the school curricu-
lum to be more closely aligned with what employers need from their
employees (e.g., Wilshaw, 2016). The logic here is that if far transfer is
difficult, then we should minimise the distance across which pupils are
required to transfer their learning. However, our findings — based on
correlation and in 4th grade students, who are 1/3 of their way through
formal schooling — suggest that even near transfer might be difficult in
authentic classroom settings. If that were the case, this may imply that
curricula would have to be very closely aligned with pupils' future
employment. Crucially, however, different employers require different
skills from their employees, depending on sector, industry or occupa-
tion, making it very hard to simultaneously align the curriculum for all
pupils.

Taking them with caution and framing them in the context of stu-
dents under analysis, our results may suggest that there may sometimes
be merit in pupils' complaints about the lack of relevance of what they
learn to their later lives. Certainly, it is untenable to just assume that
everything learned in schools will later be applicable in some way or
another. Educators might be more credible if they made the case for
academic learning in terms of the inherent benefit of studying the sub-
ject, or in terms of the opportunities that are opened up by getting good
exam grades.
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Appendix A

Table Al
Number of on- and not-on-curriculum mathematics items by booklet and country.

On-curriculum items by booklet Not-on-curriculum items by booklet
Country 1 2 3 4 5 6 7 8 9 0 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Armenia 11 13 12 9 12 11 9 12 11 12 12 11 12 11 o 0 o0 o0 o 2 2 1 1 0 1 1 0 0
Australia 6 10 7 3 5 5 4 6 4 1 2 6 7 4 5 3 5 6 7 8 7 7 8 11 11 6 5 7
Austria 10 10 9 6 9 9 7 11 10 11 12 10 10 10 1 3 3 3 3 4 4 2 2 1 1 2 2 1
Azerbaijan 11 13 12 9 12 13 11 13 12 12 13 12 12 11 o 0 0 0 o O O o0 o 0 0o o0 0 0
Bahrain 1 13 12 9 12 13 11 13 12 12 13 12 12 1 0 0 O 0O O 0 0 0 O 0 0 o0 0 0
Belgium Flemish 0 11 11 8 11 13 11 12 11 10 11 11 11 11 1 2 1 1 1 o0 O 1 1 2 2 1 1 0
Bulgaria 7 10 10 7 9 9 7 11 10 9 10 10 10 7 4 3 2 2 3 4 4 2 2 3 3 2 2 4
Canada 8 7 6 5 4 4 7 7 6 4 4 5 3 6 3 6 6 4 8 9 4 6 6 8 9 7 9 5
Chile 0 11 1 9 10 11 11 12 10 10 12 12 11 10 1 2 1 O 2 2 O0 1 2 2 1 0 1 1
Chinese Taipei 11 12 11 9 12 12 10 13 12 11 12 11 11 11 0o 1 1 0O 0 1 1 0O o0 1 1 1 1 0
Croatia 7 10 10 7 8 8 7 11 10 10 11 10 10 7 4 3 2 2 4 5 4 2 2 2 2 2 2 4
Cyprus 1 12 11 9 12 11 9 12 11 12 12 11 11 10 o0 1 1 o0 0 2 2 1 1 0 1 1 1 1
Czech Republic 9 10 11 7 10 11 g 11 10 10 11 10 10 10 2 3 1 2 2 2 3 2 2 2 2 2 2 1
Denmark 11 12 10 7 10 12 11 12 11 11 12 12 11 0 o 1 2 2 2 1 0o 1 1 1 1 0 1 1
England 11 12 11 9 12 13 11 12 11 11 12 11 11 11 0 1 1 0O 0 o0 0 1 1 1 1 1 1 0
Finland 0 12 10 8 11 12 11 11 10 10 11 12 12 10 1 1 2 1 1 1 0 2 2 2 2 0 0 1
France 10 10 10 7 10 12 10 13 12 11 12 12 12 11 1 3 2 2 2 1 1 0o 0 1 1 0 0 0
Georgia 8 11 11 7 10 11 7 10 9 9 11 10 11 9 3 2 1 2 2 2 4 3 3 3 2 2 1 2
Germany 8 10 9 6 8 7 6 10 9 10 11 10 10 8 3 3 3 3 4 6 5 3 3 2 2 2 2 3
Hong Kong 10 11 11 8 11 11 9 12 11 10 10 10 10 10 1 2 1 1 1 2 2 1 1 2 3 2 2 1
Hungary 0 12 12 7 9 10 8 11 10 11 12 10 10 10 1 1 0 2 3 3 3 2 2 1 1 2 2 1
Iran, Islamic Republic 11 12 10 8 12 11 9 12 10 10 12 1 10 10 O0 1 2 1 0 2 2 1 2 2 1 1 2 1
Ireland 1 13 12 9 12 13 11 13 12 12 13 12 12 1 O O O O O O 0O o0 o 0 0 o0 0 0
Italy 9 12 11 6 10 12 9 11 11 12 13 12 12 10 2 1 1 3 2 1 2 2 1 0 0 0 0 1
Japan 8 9 9 6 8 10 10 11 10 8 9 11 1 10 3 4 3 3 4 3 1 2 2 4 4 1 1 1
Kazakhstan 11 13 12 9 11 10 8 11 10 11 12 10 10 10 O O O O 1 3 3 2 2 1 1 2 2 1
Korea_rep 9 10 8 5 9 12 11 11 10 10 11 12 11 9 2 3 4 4 3 1 0o 2 2 2 2 0 1 2
Latvia 1 13 12 7 10 11 8 11 10 9 10 10 11 11 0 O O 2 2 2 3 2 2 3 3 2 1 0
Lithuania 9 12 11 6 9 11 10 12 11 10 10 11 11 9 2 1 1 3 3 2 1 1 1 2 3 1 1 2
Malta 11 13 12 7 10 13 11 12 11 12 12 11 12 11 o 0 o0 2 2 0 0 1 1 0 1 1 0 0
Netherlands 10 9 7 6 10 9 8 11 10 11 10 9 9 9 1 4 5 3 2 4 3 2 2 1 3 3 3 2
New Zealand 8 7 7 6 7 8 9 10 9 9 9 9 9 9 3 6 5 3 5 5 2 3 3 3 4 3 3 2
Northern Ireland 11 12 10 8 11 12 11 13 12 12 13 12 11 10 0 1 2 1 1 1 0O 0 O 0 0 0 1 1
Norway 11 13 11 8 11 12 11 13 12 12 13 12 10 9 0 0 1 1 1 1 0O 0 O 0 0o o0 2 2
Oman 11 9 7 7 10 11 9 8 7 9 9 9 8 8 0 4 5 2 2 2 2 5 5 3 4 3 4 3
Poland 11 13 12 9 12 13 11 12 11 11 12 12 11 10 O O O O O o0 O0 1 1 1 1 0 1 1
Portugal 1 13 12 9 12 13 11 13 12 12 13 12 12 11 O0 O O O O 0 O 0 O 0 0 o0 0 0
Qatar 11 11 9 8 12 11 9 12 11 11 12 11 0 10 o 2 3 1 o 2 2 1 1 1 1 1 2 1
Russian Federation 7 10 10 7 9 9 7 11 10 9 10 10 10 7 4 3 2 2 3 4 4 2 2 3 3 2 2 4
Serbia 7 10 11 9 12 11 8 10 9 11 12 10 11 9 4 3 1 o o0 2 3 3 3 1 1 2 1 2
Singapore 11 12 10 8 10 11 10 10 10 11 12 12 11 10 0 1 2 1 2 2 1 3 2 1 1 0 1 1
Slovak Republic 7 10 9 6 8 7 6 11 10 9 10 10 9 6 4 3 3 3 4 6 5 2 2 3 3 2 3 5
Spain 0 12 10 7 10 12 11 11 10 9 10 11 11 10 1 1 2 2 2 1 o 2 2 3 3 1 1 1
Sweden 9 9 8 6 8 7 6 10 9 10 11 10 9 8 2 4 4 3 4 6 5 3 3 2 2 2 3 3
Turkey 10 11 11 9 12 12 10 13 12 11 12 11 11 11 1 2 1 0O 0 1 1 0O O 1 1 1 1 0
United Arab Emirates 11 13 12 9 12 13 11 13 12 12 13 12 12 11 0 0 0 0 0 o0 0 0 O 0 0 o0 0 0
United States 11 13 12 9 12 13 11 13 12 12 12 11 11 10 o o 0O O O O O0O o0 o 0 1 1 1 1

(Source: Authors own calculations.)

Appendix B

Pupil demographics

-Sex: female (ref.: male).
-Age of the student.
-Language at home (ref.: Arabic): Arabic; Armenian; Azerbaijan; Basque; Bokmal; Bulgarian; Catalan; Chinese; Croatian;
Czech; Danish; Dutch; English; Finnish; French; Galician; Georgian; German; Greek; Hungarian; Irish; Italian; Japanese;
Kazah; Korean; Latvian; Lithuanian; Malay; Maltese; Persian; Polish; Portuguese; Russian; Serbian; Slovak; Spanish;
Swedish; Tamil; Turkish; Valencian.
-Immigrant status (ref.: Native): First generation immigrant; Second generation immigrant.
-Parents' Highest Education Level (ref.: some Primary, Lower Secondary or No School): Lower Secondary; Upper
Secondary; Post-secondary but not University; University or Higher.

(continued on next page)
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(continued)

Pupil demographics

-Parents' Highest Occupation Level (ref.: never worked for pay): Professional; Small Business Owner; Clerical; Skilled
Worker; General Laborer.

Pupil pre-school skills

-Student attended preschool (ref.: did not attend): 1 year; 2 years; 3 years or more.
-The student could recognise most of the letters of the alphabet when he/she began primary school (ref.: not at all): Very
well; Moderately well; Not very well.
-The student could read some words when he/she began primary school (ref.: not at all): Very well; Moderately well; Not
very well.
-The student could read sentences when he/she began primary school (ref.: not at all): Very well; Moderately well; Not
very well.
-The student could read a story when he/she began primary school (ref.: not at all): Very well; Moderately well; Not very
well.
-The student could write letters of the alphabet when he/she began primary school (ref.: not at all): Very well;
Moderately well; Not very well.
-The student could write his/her name when he/she began primary school (ref.: not at all): Very well; Moderately well;
Not very well.
-The student could write words other than his/her name when he/she began primary school (ref.: not at all):
Very well; Moderately well; Not very well.
-The student could count by himself/herself when he/she began primary school (ref.: not at all): Up to 100 or higher; Up
to 20; Up to 10.
-The student could recognise written numbers when he/she began primary school (ref.: not at all): Up to 100 or higher;
Up to 20; Up to 10.
-The student could write numbers when he/she began primary school (ref.: not at all): Up to 100 or higher; Up to 20; Up
to 10.
-The student could do simple addition when he/she began primary school (ref.: no): Yes.
-The student could do simple subtraction when he/she began primary school (ref.: no): Yes.

Teacher demographics

-Sex of the teacher (ref.: male): Female.
-Years teaching.
-Mathematics specialization (ref.: major in education but not mathematics, all other majors, no formal education
beyond upper secondary): Major in education and mathematics; Major in mathematics but not education.
-Level of education of the teacher (ref.: did not complete upper secondary education ISCED Level 3): Upper secondary
education ISCED Level 3 (If you have not completed post-secondary education); Post-secondary, non-tertiary education
ISCED Level 4; Short-cycle tertiary education ISCED Level 5; Bachelor's or equivalent level ISCED Level 6; Master's or
equivalent level ISCED Level 7; Doctor or equivalent level ISCED Level 8.

Class characteristics

-Number of students in the class.
-Number of students with language difficulties.

Country

Country (ref.: Armenia): Australia; Austria; Azerbaijan; Bahrain; Belgium Flemish; Bulgaria; Canada; Chile; Chinese
Taipei; Croatia; Cyprus; Czech Republic; Denmark; England; Finland; France; Georgia; Germany; Hong Kong; Hungary;
Iran Islamic Rep.; Ireland; Italy; Japan; Kazakhstan; Korea Rep.; Latvia; Lithuania; Malta; Netherlands; New Zealand;
Northern Ireland; Norway; Oman; Poland; Portugal; Qatar; Russian Federation; Serbia; Singapore; Slovak Republic;
Spain; Sweden; Turkey; United Arab Emirates; United States

(Source: Authors' own
calculations from TIMSS
2019.)
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Appendix C
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Fig. C1. Predicted probability of correct responses to questions not on the national curriculum by teacher transfer scale. Unconditional estimates for the geometry
and measure domain.

Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those one standard
deviation above the mean of the teacher transfer scale and those one standard deviation below the mean of the teacher transfer scale. Estimates based upon data
pooled across all countries.

(Source: Authors' own calculations.)
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Fig. C2. Predicted probability of correct responses to questions not on the national curriculum by teacher transfer scale. Unconditional estimates for the data
domain.
Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those one standard
deviation above the mean of the teacher transfer scale and those one standard deviation below the mean of the teacher transfer scale. Estimates based upon data
pooled across all countries.
(Source: Authors' own calculations.)
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Appendix D
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Fig. D1. Predicted probability of correct responses to questions not on the national curriculum by teacher transfer scale. Conditional estimates for the number
domain controlling for pupil's ability in “familiar”/on-curriculum questions within the number domain.

Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those one standard
deviation above the mean of the teacher transfer scale and those one standard deviation below the mean of the teacher transfer scale. Estimates based upon data
pooled across all countries.

(Source: Authors' own calculations.)
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Fig. D2. Predicted probability of correct responses to questions not on the national curriculum by teacher transfer scale. Conditional estimates for the geometry and
measurement domain controlling for pupil's ability in “familiar”/on-curriculum questions within the geometry and measurement domain.

Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those one standard
deviation above the mean of the teacher transfer scale and those one standard deviation below the mean of the teacher transfer scale. Estimates based upon data
pooled across all countries.

(Source: Authors' own calculations.)
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Fig. D3. Predicted probability of correct responses to questions not on the national curriculum by teacher transfer scale. Conditional estimates for the data domain
controlling for pupil's ability in “familiar”/on-curriculum questions within the data domain.
Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those one standard
deviation above the mean of the teacher transfer scale and those one standard deviation below the mean of the teacher transfer scale. Estimates based upon data
pooled across all countries.
(Source: Authors' own calculations.)

Appendix E
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Fig. E1. Predicted probability of correct responses to questions not on the national curriculum by teacher transfer scale. Conditional estimates for the number
domain controlling for pupil's ability in “familiar”/on-curriculum questions within the number domain and for the interaction between the instructional approach
and pupil's ability in “familiar”/on-curriculum questions within the number domain.

Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those one standard
deviation above the mean of the teacher transfer scale and those one standard deviation below the mean of the teacher transfer scale. Estimates based upon data
pooled across all countries.

(Source: Authors' own calculations.)
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Fig. E2. Predicted probability of correct responses to questions not on the national curriculum by teacher transfer scale. Conditional estimates for the geometry and
measurement domain controlling for pupil's ability in “familiar”/on-curriculum questions within the geometry and measurement domain and for the interaction
between the instructional approach and pupil's ability in “familiar”/on-curriculum questions within the geometry and measurement domain.
Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those one standard
deviation above the mean of the teacher transfer scale and those one standard deviation below the mean of the teacher transfer scale. Estimates based upon data
pooled across all countries.
(Source: Authors' own calculations.)
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Fig. E3. Predicted probability of correct responses to questions not on the national curriculum by teacher transfer scale. Conditional estimates for the data domain
controlling for pupil's ability in “familiar”/on-curriculum questions within the data domain and for the interaction between the instructional approach and pupil's
ability in “familiar”/on-curriculum questions within the data domain.

Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those one standard
deviation above the mean of the teacher transfer scale and those one standard deviation below the mean of the teacher transfer scale. Estimates based upon data
pooled across all countries.

(Source: Authors' own calculations.)
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Appendix F

(a) Link content to students’ prior knowledge (b) Decide their own problem-solving procedures (c) Ask students to explain their answers
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(d) Relate the lessons to students’ daily lives (e) Apply learning to new problem situations on their own
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Fig. F1. Predicted probability of correct responses to questions not on the national curriculum by frequency different instructional approaches are used. Uncon-
ditional estimates for the number domain.

Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those who receive
instructional approach in “almost every” lesson vs “some” or “no” lessons. Estimates based upon data pooled across all countries.

(Source: Authors' own calculations.)
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(e) Apply learning to new problem situations on their own
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Fig. F2. Predicted probability of correct responses to questions not on the national curriculum by frequency different instructional approaches are used. Uncon-
ditional estimates for the geometry and measure domain.

Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those who receive
instructional approach in “almost every” lesson vs “some” or “no” lessons. Estimates based upon data pooled across all countries.

(Source: Authors' own calculations.)
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(a) Link content to students’ prior knowledge (b) Decide their own problem-solving procedures (c) Ask students to explain their answers
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Fig. F3. Predicted probability of correct responses to questions not on the national curriculum by frequency different instructional approaches are used. Uncon-
ditional estimates for the data domain.

Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those who receive
instructional approach in “almost every” lesson vs “some” or “no” lessons. Estimates based upon data pooled across all countries.

(Source: Authors' own calculations.)

Appendix G

(a) Link content to students’ prior knowledge (b) Decide their own problem-solving procedures (c) Ask students to explain their answers
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(e) Apply learning to new problem situations on their own
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Fig. G1. Predicted probability of correct responses to questions not on the national curriculum by frequency different instructional approaches are used. Conditional
estimates for the number domain controlling for pupil's ability in “familiar”/on-curriculum questions within the number domain.

Notes: Each dot refers to a single question from the number domain. Black 45-degree line is where the percentage of correct answers is equal for those who receive
instructional approach in “almost every” lesson vs “some” or “no” lessons. Estimates based upon data pooled across all countries.

(Source: Authors' own calculations.)

21



J. Jerrim et al.

(a) Link content to students’ prior knowledge

80
L

0

6

Every or almost every lesson/About half the lessons
40
|

20
L

80

H
2
]
g

Every or almost every lesson/Abou

(b) Decide their own problem-solving procedures

Every or almost every lesson/About half the lessons
8

Learning and Individual Differences 118 (2025) 102609

(c) Ask students to explain their answers
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Appendix H
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