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Abstract: Globalisation and policy transfer in education make it incumbent upon decision makers to
prioritise among competing policy options, select policy initiatives that are appropriate for their na-
tional contexts, and understand how system-specific factors moderate the relationship between those
policies and student outcomes. This study used qualitative comparative analysis and correlational
analyses to explore these relationships with publicly available data on socio-economic, cultural, and
education conditions, and their association with PISA 2015 results in 49 countries. Findings show
that gender and income equality, human development, and individualism were outcome-enabling
conditions for PISA 2015 results, and gender equality was the most consistent of these conditions.
These factors significantly moderated the relationships between education policy and PISA results.
Implications for the identification of meaningful peer countries for comparative educational research,
policy transfer, and the future expansion of PISA are discussed.

Keywords: PISA; international comparisons; system-specific factors; gender equality; human devel-
opment; education policy; context; culture; QCA

1. Introduction

Education policies, and the systems in which they exist, are unique to their histori-
cal, social, economic, and cultural contexts [1]. However, policymaking in education has
become increasingly influenced by international ideas [2], and the ideologies of those organ-
isations that gather data on, and promote, those ideas [3,4]. The concept of education as a
basic human right, global public good, and source of national economic competitiveness is
now almost universally accepted, and international models for improving education qual-
ity have become popular among policymakers, researchers, and practitioners alike [5–7].
Within this context, the Organisation for Economic Co-Operation and Development (OECD)
and other international organisations have developed multinational assessments of student
achievement that rank the relative performance of countries and provide extensive data on
their education systems. The OECD’s Programme for International Student Assessment
(PISA) is one of the most influential of these programs [5] and has contributed extensively to
education policy discourses around “best practice” and “high-performing countries” [6,7].
This has put policymakers under increasing pressure to improve their education systems in
alignment with converging global processes identified by international comparative assess-
ments [8]. They must evaluate, assess, and prioritise among competing policy options [9],
consider their national contexts and limitations, and select or design appropriate policy
initiatives for their unique problems. However, little insight is offered into the moderating
effect that larger social forces have on the relationships between policies and outcomes,
when transferred to different contexts.

1.1. Education Policy in the Global Context

International comparison has been considered important for knowledge advancement
throughout history and in diverse disciplines [6]. This has been especially true in edu-
cation, with early comparative educationalists believing in the value of studying foreign
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education systems [10,11]. However, they did not believe that education systems could
be improved by replicating successful education policies from around the world, without
first paying attention to the system-specific factors within the nations from which policies
originated [7,10,11].

Over the last half century, simultaneous consideration of local and international
policies has consistently contributed to theory building in education [7], to the point that it
is now common for policymakers to look to initiatives from other countries when designing
education reforms [12]. A fertile environment for comparing, borrowing, and transferring
policies in education has emerged [6], and comparative international assessments of student
achievement, such as PISA, have become important tools in national education policy
development [5]. These assessments receive extensive media coverage [13] and are therefore
in the forefront of the minds of policymakers [14]. They have become catalysts for education
reforms that travel across borders and reappear in similar forms in different countries [7].
These “travelling reforms” [12] (p. 324) are grounded in policy recommendations based on
evidence from “high performing” countries [15] or of shared policies, often of unknown
origin, but labelled as “international standards” or “best practices” [5,7]. The resulting
policy recommendations have generally emphasised school-level reform, which has been
the logical outcome of assessment programmes that focus on what happens within schools
and classrooms and conclude that the academic achievement of students reflects primarily
the design and effective execution of classroom interactions.

1.2. The OECD and PISA

PISA is a triennial assessment of the knowledge and skills of 15 year olds in com-
pulsory education. It was launched in 1997 to provide valid, comparable, cross-national
evidence of education outcomes, and to inform policy decisions [16]. While it initially
assessed education outcomes in only OECD countries, more than half of the 79 nations
that in 2018 participated in the seventh cycle of PISA were non-OECD countries. With the
launch of PISA for development (PISA-D), the OECD aims to expand the reach of PISA to
170 participating nations by 2030, and to consolidate educational assessment and common
basic education standards as global objectives aligned with the United Nation’s Sustainable
Development Goals [14].

OECD education data are an accessible, politically acknowledged, and respected
source of comparative information on policies, practices, and education outcomes [14,17].
The datasets include large samples, collected under strict sampling designs, and collated
with attention to published quality criteria, and as such, are a resource for secondary
analyses of global systems and trends in education [18]. Researchers have, for example,
used PISA data to expand knowledge of the relationships between education inputs and
outcomes, while avoiding the high costs and ethical pitfalls that are sometimes encountered
in randomised experiments with children [18].

PISA has become “the global yardstick for school system performance and progress
over time” [19] (p. 3) and a politically influential tool for the governance of education
systems [19,20]. Despite recognising the non-causal nature of their data, the OECD and
other agencies have worked to isolate and promote policies and practices that “work” for
raising student achievement. This has given rise to the “What Works” industry focusing
primarily on school-level variables that are amenable to change [15,21] and policies that
are widely accepted as international best practices [17]. Few participating countries have
had their policy reform agendas untouched by this phenomenon [19]. As a result, today’s
education policy across different contexts demonstrates marked similarities [6]. This is
especially apparent in the policy discourse around effective pedagogies, teacher training
and quality, and strategic funding. However, the resulting “travelling reforms” fail to
overcome the basic paradox of advocating for the transfer of policy in the absence of
causal claims [5], which the OECD clearly states are not supported by their data. The
PISA-driven educational reforms do not, therefore, achieve the objective of translating
“complex conditions into straightforward solutions” [5] (p. 202).
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1.3. Critiques of the Power of PISA

Not all researchers support the international educational testing regime, nor the data-
driven policy recommendations of the OECD. Some have disparaged the OECD’s assumed
role as “diagnostician, judge and policy advisor to the world’s school systems” [2] (p. 9)
and the positioning of PISA as a signal of responsible citizenship in global society [17]. They
argue that PISA results are less meaningfully associated with economic and educational
well-being than their political significance suggests [22] and criticise the overt focus on what
can be measured and calculated, competition between nations, and economic results [3].
This largely economic view, they claim, has reduced and redefined the aims and purposes
of education [4], and influenced, governed, and shaped the way policymakers think about
and define the problems and targets of education [3]. One-directional policy lending
and borrowing has been promoted and “high-performing countries” have been held up
as models for education system organisation in lower-performing countries [19]. The
promoted “international standards” and “best practices” have been criticised as being
“generalised assertions of unclear provenance” [5] (p. 210) with a strong focus on economic,
political, and cultural competition, and global competitive advantage. Transferable best
practices have included (for example) privatisation of public schooling, teacher selection
criteria, certification, and professional development, lengthening the school day, school
organisation, and teacher accountability and incentives [15,17,21]. Some international
agencies have made the delivery of development grants and other funding dependent
upon the adoption of such policy initiatives, and such transfers have resulted in some
fundamental contradictions when “solutions are borrowed from educational systems where
the problems are entirely different” [12] (p. 331).

Finally, some researchers have questioned the political and ideological neutrality of
PISA, the flaws in item construction, administration, student sampling and technical valid-
ity [20], as well as cultural bias and indicator oversimplification [23]. They have challenged
the legitimacy, motives, and financing of the OECD’s education assessments, even claiming
that children and schools have been harmed by the three yearly testing cycles [24]. The
OECD has responded to some of these criticisms stating that the organisation’s work has a
legitimate mandate from its member countries, that it reports on an unprecedented number
of learning outcomes and contexts, and that it has facilitated many important opportunities
for collaborative and strategic policy design [25]. They have also suggested that the claim
that a two-hour sample-based evaluation could endanger the well-being of students and
teachers was without justification [25].

1.4. The Moderating Effect of System-Specific Factors

The intermingling of ideas from diverse educational systems can play an important
role in educational advancement, as evidenced by, for example, the worldwide success of
universal primary education, a philosophy and practice initiated in just a few developed
countries and later adopted globally [26]. However, an understanding of the complexity
surrounding the transfer of education policy to different contexts is required [27]. Research
indicates that we must take care in the selection and transfer of policies from one context to
another [7] as education policies work in some countries precisely because of the support
they receive from economic and social systems that are difficult, if not impossible, to fully
replicate elsewhere [17]. This does not mean that we should cease using international
models in our search for improving education, or that the PISA regime should be disman-
tled [19]. However, expectations about the effectiveness of international policy borrowing
and lending should be restrained [1], given that policies, when applied in different contexts,
may develop into very different practices and even undermine quality [28]. Gaining a
deeper understanding of the relationships between contextual factors, PISA scores, and
education policies could enable policymakers to approach international policy borrowing
and lending in an appropriately cautious and informed manner. This article aims to shed
light on the relationships between education policies, system-specific factors and student
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outcomes, with a so-far little explored methodological approach that corresponds to a
social-ecological model of education.

As discussed in the next section, social-ecological models [29,30] offer a framework
for exploring the moderating effect of system-specific factors on social outcomes. However,
such explorations have often encountered methodological limitations within the current
approaches to comparative education [5]. In contemporary education research, multina-
tional organisations have typically presented descriptive and linear analyses to describe the
observed associations between education conditions and outcomes. These general linear
methods have come to dominate the research agenda [31], even when other approaches
may be warranted [18]. However, due to general linear assumptions, possible spurious
correlations, and/or ambiguous directionality, these methods may not be valid for the
identification of the causal relationships that should precede the transfer of policies [5,31].
A second popular research approach, multiple case study, includes thick descriptions of
small samples of cases and conditions, from which theory is extrapolated to make generali-
sations about similar populations. Multiple case studies have typically focused on a limited
range of countries, often truncated on the dependent variable of high-performance. As no
contradictory or inconsistent cases are considered, case selection bias may have resulted in
overgeneralisation [5], and the absence of complex, conditional considerations, threatens
the cross-national validity of the resulting policy recommendations [32].

Theory in comparative education research has been dominated by the assumptions of
these methods and “divided by the unnecessarily narrow approach to causality implicit
in the dominant methods in the discipline” [31] (p. 183). Comparative studies have paid
little attention to the nature of the social world and causal relationships and have resulted
in ontologies that have outrun the methodologies of the field [33]. Problems that involve
reciprocal causation and interaction effects or that break with general linear assumptions,
are too complex and collinear to fully model as linear relationships and require the analysis
of too many cases for traditional case study approaches [33,34]. Comparative methods in
education need to expand to include alternatives that align with real-world ontologies [31].
Set-theoretic methods, such as qualitative comparative analysis (QCA), are promising
alternatives [33]. This study therefore used QCA to explore which system-specific factors
are associated with PISA results.

Set-theoretic methods are founded in Mill’s (1843) canons for logical induction [35]. In
the 1980s, Ragin identified these canons as useful for reducing complexity in social research
and developed QCA as a systematic, set-theoretic, computer-based, and comparative
approach for exploring hypotheses of complex causal patterns [34]. QCA is especially
appropriate for macro-comparative social science studies [36,37] and has been applied to the
study of diverse phenomena, including the contextual factors associated with achievement
in citizenship education [38] and the onset of ethnic conflict [39] (both of which relied on
OECD data). It is a robust method, designed for the exploration of the type of questions
raised in this study.

In the policy recommendation sections of recent international reports, researchers have
been encouraged to explore how to prioritise among competing policy options [9] and the
moderating effect of system-specific factors on the relationships between education inputs
and outcomes [40]. However, in the literature reviewed for this study, there were limited
investigations into the relationship between system-specific factors and student results, and
no systematic analysis of the moderating effects of those system-specific factors. Recent
research into the practice of policy transfer in education has shown it to be limited by
narrow assumptions of the transferability of policy [1] and, as a result, the early aspirations
of exploring the intangible, impalpable, cultural forces underlying systems are still largely
pending. This study seeks to address that gap. It is grounded in a social-ecological
model of education (modelled on Bronfenbrenner’s social-ecological theory [29]) and
identifies system-specific factors underlying high-performing education systems. These
factors, outside the reach of teachers and schools, are explored as moderators of policy
effectiveness [40], and therefore important for education outcomes [41]. Set-theoretic
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analyses are used to identify which of the factors are outcome-enabling conditions for
student achievement, and correlational analyses are used to explore the moderating effects
that these factors might have on the relationships between education policies and student
outcomes. The research questions are:

• Which system-specific factors are associated with PISA 2015 results?
• Do these system-specific factors moderate the relationship between education condi-

tions and student outcomes, and if so, how?

2. Theoretical Framework and Selection of System-Specific Factors

Social-ecological theory provides a conceptual explanation for the impact of socio-
economic and cultural factors on social outcomes [29], and for the interaction of these
system-specific factors with policy initiatives. As a guiding theoretical framework for
this study, socio-ecological theory provided both the structure for the investigation, and
the impetus to consider alternative methods of data analysis that allowed for multiple
interactions, collinearity of factors, and moderated outcomes [34,42].

Bronfenbrenner’s social-ecological theory emphasises the importance of system-
specific factors for understanding human behaviour and development [29,30]. His work,
and the work of other researchers that have used his model, show that explanations for
social phenomena may be found in the individual characteristics, contact between indi-
viduals, and the influences of institutions, organisations, states, and cultures upon those
individuals [43–45]. This theory has been widely accepted in developmental psychology
and education [30]. In cross-national studies in education, an octagon model, inspired
by Bronfenbrenner’s social-ecological approach, underpins the IEA’s Civic Education
Study [46,47], and an OECD working paper proposes complex interactions between gover-
nance, policies, actors, and external inputs in education [48]. In the analytical framework
for PISA 2012 [49], system-specific factors are suggested to influence the relationships
between processes and outcomes at school level, and Meyer and Schiller [41] have investi-
gated the “largely unexplored” but important impact that non-educational factors have
on PISA outcomes. The interlocking cultural and contextual factors that influence and
transform education policy agendas [50] are the factors identified in Bronfenbrenner’s
social-ecological models [29,30].

Figure 1 illustrates the conceptual model that underpins this study. All the factors
included at the socio-economic, cultural, and policy levels of this model were included
in the analyses described in the following sections. Guided by Bronfenbrenner’s socio-
ecological theory [29], this study did not aim to make causal claims about the system-
specific factors or the education conditions that are explored, but rather to interrogate the
validity of implied causal relationships between education conditions and student results
in the absence of contextual considerations.
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Figure 1. The study’s conceptual model.

2.1. Socio-Economic and Cultural Factors

The following socio-economic conditions have been shown to impact outcomes in
societies and schools: wealth and poverty, economic development, inequality, child welfare,
and more broadly, the legal, political, and economic systems and ideologies that underpin
nations [22,29,41,50–54]. Each of these studies focused on a limited number of socio-
economic conditions, and have, without exception, shown that the presence of positive
factors (for example, wealth or equality) is associated with better outcomes, whilst the
presence of negative factors (for example, poverty or inequality) is associated with worse
outcomes. The socio-economic factors selected for this study were inspired by these
previous studies and are listed in Table 1.

Table 1. Indices and data sources for socio-economic factors.

Factor Index Source

Wealth GDP per Capita, 2015 The World Bank

Human development Human Development Index, 2015 The United Nations Development Programme

Income inequality 80/20 Index, 2015 The World Bank, Income share highest 20% and
lowest 20%

Economic freedom Economic Freedom Index, 2015 The Heritage Foundation

Immigration Migrant Stock, 10–14 years old, 2015 The United Nations Department of Economic
and Social Affairs

Gender inequality Gender Inequality Index, 2015 The United Nations Development Programme

Gender gap Gender Gap Index, 2015 The World Economic Forum
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Table 1. Cont.

Factor Index Source

Ethnic diversity/tension Ethnic Fractionalization, 2003 *
Alesina, Devleeschauwer, Easterly, Kurlat, and

Wacziarg [55]
Religious diversity/tension Religious Fractionalization, 2003 *

Language diversity/tension Language Fractionalization, 2003 *

Country population Country Population Data, 2015 The United Nations Department of Economic
and Social Affairs

Democracy Democracy Index, 2015 The Economist Intelligence Unit

* No more recent indices have, to date, been published.

The cultural factors, based on Hofstede’s dimensions of culture [56–58], were power
distance, uncertainty avoidance, individualism, competitiveness (also termed masculinity
vs. femininity), long-term orientation, and indulgence. These collective mental models
distinguish between different groups of people and are useful for understanding the
moderating effect of culture on social phenomena [58]. They have been used, for example,
to deepen understanding of education achievement and assessment practices through
a cultural lens [50,59,60], to gauge the effect of non-educational factors in large-scale
assessments [41], and to explore the gendered nature of educational leadership across
contexts [61]. Despite criticisms that these dimensions are excessive and unbalanced [62,63]
they have also been acknowledged as rigorous, relevant, and accurate [63]. Hofstede has
stated that these dimensions cross “academic borderlines” and create a “paradigm shift
in cross-cultural studies” [57] (p. 1355). He has also claimed that although his model is
important, “in many practical cases it is redundant, and economic, political, or institutional
factors provide better explanations” (p. 1359).

In this study, only human development, income inequality, gender equality, and
individualism are found to be consistent outcome-enabling conditions for PISA, and
therefore, due to space restrictions, are the only factors described here.

2.1.1. Human Development

PISA scores have been shown to be higher in countries with a high level of affluence
and human development [41]. The OECD has suggested that a relationship between wealth,
education processes, and outcomes exists [49], but has also indicated that high national
income is not a prerequisite for high performance [64]. The composite index used in this
study (the Human Development Index) is a weighted index including life expectancy, years
of schooling, and gross national income per capita.

2.1.2. Income Inequality

Income inequality has been found to be a “hugely damaging force” and the common
denominator in “the enormous variations which exist from one society to another” [52]
(p. 195). It is a key feature of human social organisation, and is compounding, pervasive,
and self-reinforcing at both ends of the continuum [53]. Patterns of inequality challenge par-
ticipation and attainment in education [52], determine who gets to attend school longer and
who attends the best schools [53], and amplify the gap between high- and low-achieving
students [51]. Education reforms modelled on other countries’ performance should there-
fore consider patterns of inequality and disadvantage. The 80/20 income ratio is used in
this study, which is compiled from World Bank data on the income share held by the top
20% of the population, as a multiple of the income held by the bottom 20%.

2.1.3. Gender Equality

Although largely understudied as a moderating factor in education, the importance
of gender equality is not a new consideration. Indeed, in 1795, Condorcet stated that “in-
equality between the sexes is fatal even to the party in whose favour it works” [65] (p. 355),
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and Mill (1869) concluded that “the legal subordination of one sex to another is wrong in
itself, and now one of the chief hindrances to human improvement” [66] (p. 1). Gender has
more recently been shown to “unsettle” current approaches to comparative education [67]
(p. 121). However, gender equality in education has typically been researched solely as
a desirable outcome. The societal level of gender equality has not been systematically
considered as a factor related to aggregate student achievement, or even to the size of the
gender gap in educational results. Gender equality in health, education, economic status,
empowerment, and political representation is measured by the Gender Inequality and the
Global Gender Gap Indices.

2.1.4. Individualism

Hofstede’s cultural dimension for individualism measures the preference for a loosely
knit social framework in which individuals are expected to take care of only themselves
and their immediate families [56–58]. Individualism, in combination with other factors
such as wealth and inequality, has been shown to be associated with PISA results [41].

2.2. Education Policy Variables

Education policy variables were selected based on policies discussed in OECD reports,
and available data in the OECD online databases. They were cumulated expenditure
on education, student learning time, public school enrolment, private expenditure on
education, class size, teachers’ salary, percentage of qualified teachers, percentage of
teachers receiving professional development, percentage of teachers receiving induction,
percentage of teachers with mentors, and proportion of teacher non-contact hours. Data
used for these variables came from the OECD databases [64,68,69].

This study examined the associations between PISA results and these system-specific
factors and policy variables, guided by the theoretical understanding of education as a
social ecology where policies, practices and student outcomes are mutually dependent on
socio-economic and cultural factors.

3. Methods and Materials
3.1. Methods

In this study, QCA is used for the identification of system-specific factors consistent
with PISA results (step 1, following typical best practices for crisp-set QCA [36,37,70,71]),
and correlational analyses are used for the exploration of moderated relationships between
education policies and student outcomes (step 2).

3.1.1. Qualitative Comparative Analysis

The central principles of QCA are fully explained elsewhere [34,36,37,70], but in
brief, as an analytic technique, crisp-set QCA includes the binary calibration of data into
condition sets, the determination of combinations of conditions that are consistent with the
occurrence and the absence of the outcome, and the identification of different configurations
of conditions that explain the same outcome in complex real-world scenarios. QCA is
the analysis of necessary conditions followed by the analysis of sufficient conditions [42].
These concepts can be explained by the following example. A necessary hypothesis, that
“all high-performing countries are wealthy,” would be supported by QCA if at least 95% of
high-performing countries were found to also be wealthy. A sufficient hypothesis, that “all
countries with low income equality and high risk avoidance are low performing,” would
be supported by QCA if at least 80% of countries with that configuration were found to also
be low performing. These consistency thresholds have been established by the developers
of QCA, considering that a necessary relationship is a more radical empirical claim than a
sufficient relationship, and therefore requires a higher level of consistency [70].

For the identification of system-specific factors consistent with PISA results, step 1
of this study, the relationship between system-specific factors and high PISA results, was
analysed separately from the relationship with low PISA results, and analyses of necessity
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were followed by analyses of sufficiency. The findings are represented using the “standards
of good practice” for reporting QCA, as documented by Schneider and Wagemann [71].

3.1.2. Correlational Analyses

The exploration of moderated relationships between education policies and student
outcomes, step 2, was achieved by exploring the differences in sample means and correla-
tions when the samples were grouped by the level of the system-specific factors identified
in step 1. Cohen’s D was used to estimate the magnitude of the differences between group
means [72], and the statistical significance of the difference in means was estimated using
the Welch two sample (unequal variances) t-test [73]. Finally, the magnitude of the differ-
ences between group correlations (and the statistical significance of the difference) was
estimated using Fisher’s r to z transformation, and subsequent comparison of z-scores [74].
The purpose of this second step was to provide preliminary evidence of how system-specific
factors moderate the relationship between policy and student achievement, and therefore
interrogate the validity of causal inference in the absence of contextual considerations.

All set-theoretic and statistical analyses were conducted in R [75]. Alpha was set at
0.05. The R code is published in the supplementary online materials.

3.2. Data
3.2.1. Cases

The countries included in this study were selected considering completeness of data
on all socio-economic and cultural conditions and validated PISA 2015 results from whole
country samples. This resulted in a sample of 49 countries (Table 2). A list of excluded
PISA countries, and the reason for their exclusion, is available in the Table S1 in the
Supplementary Materials.

Table 2. Included cases and calibrated outcome sets.

Code Country
2015 PISA Score Set Membership

Mathematics Reading Science HIGH_PISA (1) LOW_PISA (2)

ALB Albania 413 405 427 0 1
AUS Australia 494 503 510 1 0
AUT Austria 497 485 495 0 0
BEL Belgium 507 499 502 1 0
BRA Brazil 377 407 401 0 1
BGR Bulgaria 441 432 446 0 1
CAN Canada 516 527 528 1 0
CHL Chile 423 459 447 0 1
COL Colombia 390 425 416 0 1
HRV Croatia 464 487 475 0 0
CZE Czech Republic 492 487 493 0 0
DNK Denmark 511 500 502 1 0
DOM Dominican Republic 328 358 332 0 1
EST Estonia 519 519 534 1 0
FIN Finland 511 526 531 1 0
FRA France 493 499 495 1 0
DEU Germany 506 509 509 1 0
GRC Greece 454 467 455 0 0
HUN Hungary 477 470 477 0 0
ISL Iceland 488 482 473 0 0
IDN Indonesia 386 397 403 0 1
IRL Ireland 504 521 503 1 0
ITA Italy 490 485 481 0 0
JPN Japan 532 516 538 1 0
LVA Latvia 482 488 490 0 0
LTU Lithuania 478 472 475 0 0
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Table 2. Cont.

Code Country
2015 PISA Score Set Membership

Mathematics Reading Science HIGH_PISA (1) LOW_PISA (2)

LUX Luxembourg 486 481 483 0 0
MEX Mexico 408 423 416 0 1
NLD Netherlands 512 503 509 1 0
NZL New Zealand 495 509 513 1 0
NOR Norway 502 513 498 1 0
PER Peru 387 398 397 0 1
POL Poland 504 506 501 1 0
PRT Portugal 492 498 501 1 0
ROU Romania 444 434 435 0 1
RUS Russia 494 495 487 0 0
SGP Singapore 564 535 556 1 0
SVK Slovak Republic 475 453 461 0 0
SVN Slovenia 510 505 513 1 0
KOR South Korea 524 517 516 1 0
ESP Spain 486 496 493 0 0
SWE Sweden 494 500 493 1 0
CHE Switzerland 521 492 506 0 0
THA Thailand 415 409 421 0 1
TUR Turkey 420 428 425 0 1
GBR United Kingdom 492 498 509 1 0
USA United States 470 497 496 0 0
URY Uruguay 418 437 435 0 1
VNM Viet Nam 495 487 525 0 0

Average (all PISA countries) 461 460 465 n = 20 n = 13
Average (included countries) 473 476 478

Average (OECD) 490 493 493

NOTES: (1) Above OECD average in all three PISA assessments. (2) Below all country average in all three PISA assessments.

3.2.2. Student Achievement

PISA 2015 scores were used as the outcome for this study. Despite being a narrow
education outcome, PISA scores are widely accepted as a proxy for education performance
and student learning over time [19] and are available for a large number of countries.
For the QCA analysis (step 1), the outcome was calibrated into the sets HIGH_PISA
and LOW_PISA. Countries with scores above the OECD average in all three assessments
(reading, mathematics, and science) were calibrated as HIGH_PISA countries, and countries
with PISA 2015 scores below the all country average in all three assessments were calibrated
as LOW_PISA countries. For the correlational analyses (step 2) each combination of a test
and country was considered as a case. Therefore, each country represents 3 cases (reading,
math, and science) providing a total sample of sufficient size, and with sufficient variation,
for correlational analyses by groups.

3.2.3. System-Specific Factors and Education Policy Variables

The OECD average value was used as the calibration criteria for the socio-economic
factors (i.e., better than the OECD average was calibrated as “high”), and the cross-over
point established by Hofstede [58] was used for the cultural factors. The resulting calibrated
conditions can be interpreted, for example, as HIGH HUMAN DEVELOPMENT (above
the OECD average on the Human Development Index) or HIGH INDIVIDUALISM (more
individualistic than collective). The two gender equality indices consider similar indicators,
weighted differently, and arrive at similar, but not identical, rankings. Therefore, HIGH
GENDER EQUALITY are those countries with a better than OECD average on either of
these two indices. The correlational analyses did not require calibration of the education
policy variables. Data tables (raw and calibrated) are available in the Supplementary
Materials (Tables S2–S4).
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4. Results
4.1. System-Specific Factors as Outcome-Enabling Conditions

The analysis of necessity for high PISA tested whether all high PISA countries had one
or more system-specific factor in common. Only one condition met the required threshold:

HIGH_GENDER_EQUALITY <= HIGH_PISA (consistency 0.95, coverage 0.68)

This indicates that 95% of high PISA countries (19 of 20 countries) were high in gender
equality, and these 19 countries represented 68% of all high gender equality countries.
Poland was the only contradictory case.

The analysis of necessity for low PISA found:

not HIGH_GENDER_EQUALITY <= LOW_PISA (consistency 1.00, coverage 0.62)

This indicates that 100% of low PISA countries (13 countries) were not high in gender
equality, and these 13 countries represented 62% of all countries that were not high in
gender equality. These relationships are illustrated in Figure 2.
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The iterative analysis of sufficiency, as indicated by the best practices for QCA, tested
groups of conditions to find the combination that produced the truth table (a truth table
presents cases sorted by all logically possible combinations of conditions under analy-
sis [70]) with the fewest contradictions [70]. The analysis for high PISA found that the
combination of high gender equality, high income equality, high human development,
and high individualism produced the truth table, Table 3, which when simplified using
standard QCA procedures resulted in the solutions:

HIGH_GENDER_EQUALITY * HIGH_INCOME_EQUALITY * HIGH_INDIVIDUALISM => HIGH_PISA
(consistency 0.812, coverage 0.650)

(1)

HIGH_GENDER_EQUALITY * HIGH_HUMAN_DEVELOP * not HIGH_INDIVIDUALISM => HIGH_PISA
(consistency 1.000, coverage 0.200)

(2)
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Table 3. Truth table for outcome HIGH_PISA.

HIGH_
GENDER_
EQUALITY

HIGH_
INCOME_
EQUALITY

HIGH_
HUMAN_
DEVELOP

HIGH_
INDIVID Out n Cons. Cases

1 1 1 1 1 15 0.800

AUT, BEL, CAN, DNK,
FIN, FRA, DEU, IRL, ISL,
NLD, NZL, NOR, SWE,
CHE, GBR

1 1 1 0 1 3 1.000 JPN, SVN, KOR
1 0 1 0 1 1 1.000 SGP
1 1 0 1 1 1 1.000 EST

0 0 0 0 0 13 0.000
BRA, BGR, CHL, COL,
DOM, IDN, MEX, PER, RUS,
THA, TUR, URY, VNM

0 1 0 1 0 4 0.250 CZE, HUN, POL, SVK
1 0 0 1 0 4 0.000 ITA, LVA, LTU, ESP
0 1 0 0 0 3 0.000 ALB, HRV, ROU
1 0 0 0 0 2 0.500 GRC, PRT
1 0 1 1 0 2 0.500 AUS, LUX
0 0 1 1 0 1 0.000 USD
0 0 0 1 ? 0 -
0 0 1 0 ? 0 -
0 1 1 0 ? 0 -
0 1 1 1 ? 0 -
1 1 0 0 ? 0 -

NOTE: Countries in bold are members of HIGH_PISA; Configurations for which no cases are observed are denoted?

These solutions indicate that almost all high PISA countries were either high in gender
equality AND income equality AND individualism (solution 1, covering 13 high PISA
countries (65%) and 3 contradictory cases (Austria, Switzerland, and Iceland) resulting
in consistency of 0.812) or high in gender equality AND human development AND not
individualism (solution 2, covering 4 high PISA countries (20%) with no contradictory
cases (consistency of 1.000)). This model covers 17 of the 20 high PISA cases (85%), with
Australia, Poland, and Portugal remaining unexplained. These configurations of contextual
conditions, and their consistency among high PISA countries, are illustrated in Figure 3.
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The analysis for low PISA resulted in the truth table reproduced in Table 4, and the
solution:

not HIGH_GENDER_EQUALITY * not HIGH_HUMAN_DEVELOP * not HIGH_INDIVIDUALISM => LOW_PISA
(consistency 0.812, coverage 1.000)

(3)

Table 4. Truth table for outcome HIGH_PISA.

HIGH_
GENDER_
EQUALITY

HIGH_
HUMAN_
DEVELOP

HIGH_
INDIVID Out n Cons. Cases

0 0 0 1 16 0.812

ALB, BRA, BGR, CHL,
COL, HRV, DOM, IDN,
MEX, PER, ROU, RUS,
THA, TUR, URY, VNM

1 1 1 0 17 0.000

AUS, AUT, BEL, CAN, DNK,
FIN, FRA, DEU, ISL, IRL,
LUX, NLD, NZL, NOR,
SWE, CHE, GBR

1 0 1 0 5 0.000 EST, ITA, LVA, LTU, ESP
0 0 1 0 4 0.000 CZE, HUN, POL, SVK
1 1 0 0 4 0.000 JPN, SGP, SVN, KOR
1 0 0 0 2 0.000 GRC, PRT
0 1 1 0 1 0.000 USA
0 1 1 ? 0 -

NOTE: Countries in bold are members of LOW PISA; Configurations for which no cases are observed are denoted?

Solution 3 indicates that all low PISA countries were members of the configuration of
not high gender equality AND not high human development AND not high individualism.
Three contradictory cases (Vietnam, Russia, and Croatia) belong to this configuration and
had mixed (neither high nor low) PISA results, resulting in consistency of 0.812. This
configuration of contextual conditions and its consistent association with low PISA results
is illustrated in Figure 4.
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The robustness of these models was checked by randomly dropping cases and making
small calibration changes, which slightly modified the solution consistency and coverage,
but caused no logical contradictions. As a result of these analyses, the conditions high
gender equality, high human development, high income equality, and high individualism
were identified as outcome-enabling for PISA results, with gender equality being the most
consistent and therefore most empirically important of these conditions.

4.2. The Moderating Effect

Step 2 explored whether the relationships between education policy variables and
PISA scores were moderated when countries were grouped by membership in the identified
outcome-enabling conditions. Two types of differences between groups were tested for,
firstly, a statistically significant difference in the mean value of the policy variable, and
secondly, a statistically significant difference in the correlation of the policy variable with
PISA scores. Whereas a difference in means is empirically interesting and relevant for
future policy decisions, it is the difference in correlations that represents a moderated
relationship. Table 5 shows the results of these analyses when countries were grouped
by their level of gender equality. It can be observed that six policy variables display a
statistically significant moderation of their correlation with PISA scores when grouped. In
five of those cases (class size, public school enrolment, private expenditure on education,
teacher experience, and teacher mentoring), not only the magnitude of the correlation, but
also the direction of the correlation is different.

The same analyses were conducted grouping countries by their level of human de-
velopment, income equality, and individualism. Full results tables for these analyses are
available in the supplementary material (Tables S5–S7) and are summarised in Table 6.

Of the 12 policy conditions analysed in this study, only the relationship of student
hours in class with PISA scores was not moderated by any system-specific factor. Class
size, public school enrolment, private expenditure on education, and teacher induction
were all moderated in the majority of the analyses.



Educ. Sci. 2021, 11, 10 15 of 23

Table 5. Comparison of means and correlations when grouped by level of gender equality.

All Countries High Gender Equality
Countries

NOT High Gender Equality
Countries Comparison between Groups

Number
of Tests

Mean
(sd)

Correlation
with PISA

Scores

Mean
(sd)

Correlation
with PISA

Scores

Mean
(sd)

Correlation
with PISA

Scores

Difference
Means

Cohens D (a)

Difference
Correlations
Z-Score (b)

PISA scores 147 475.9
(44.6) - 502.8

(19.1) - 440.2
(43.7) - −1.951 *** -

Cumulative expenditure on education
($) 108 90,484

(34,108) 0.418 *** 101,136
(30,401) 0.027 58,529

(23,022) 0.549 ** 1.481 *** −2.527 *

Student hours in classroom 135 26.8
(1.9) 0.025 26.8

(1.5) 0.117 26.7
(2.5) −0.028 0.041 0.799

Class size in language of instruction
class 147 27.3

(6.0) −0.451 *** 24.8
(3.9) 0.498 *** 30.6

(6.7) −0.426 *** 1.087 *** 5.881 ***

Public school enrolment rate (%) 141 83.4
(17.0) 0.075 82.4

(18.2) −0.142 84.9
(15.3) 0.430 *** 0.147 −3.459 ***

Private expenditure on primary and
secondary education (% of total) 105 8.8

(6.1) −0.444 *** 7.4
(5.6) 0.163 12.2

(6.0) −0.820 *** 0.836 *** 5.855 ***

Teacher salaries ($) 102 36,621
(25,776) 0.567 *** 49,094

(23,211) 0.334 ** 16,472
(14,570) 0.243 −1.602 *** 0.471

Qualified teachers (%) 138 89.5
(9.2) 0.483 *** 91.6

(6.0) 0.396 *** 86.3
(12.0) 0.430 ** −0.592 ** −0.229

Teacher professional development in
previous 3 months (%) 147 50.6

(16.5) 0.237 ** 53.1
(16.5) 0.300 ** 47.4

(16.0) 0.108 −0.305 * 1.181

Average years of teacher experience 93 16.6
(2.7) −0.106 16.4

(2.9) −0.415 *** 16.8
(2.4) 0.279 0.136 −3.229 **

Teachers that participated in an
induction program (%) 93 47.2

(19.5) 0.037 44.6
(22.2) 0.324 * 52.1

(12.2) 0.164 0.389 * 0.756

Teachers that have a mentor (%) 93 11.4
(9.7) 0.095 11.8

(10.4) 0.628*** 10.7
(8.4) −0.556 *** −0.118 6.052 ***

Teacher non-contact hours (% of total) 87 48
(11) 0.508 *** 51

(8) 0.255 42
(14) 0.422 * −0.871 ** −0.803

Notes: *** p < 0.001; ** p < 0.01; * p < 0.05. (a) Cohen’s D magnitude of the difference between means, Welch two sample t-test for significance of difference, (b) Fisher’s r to z transformation, and comparison of
z-scores for the magnitude and significance of difference between correlations.
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Table 6. Summary of policy relationships with PISA scores, moderated by system-specific factors.

GENDER
EQUALITY

HUMAN
DEVELOPMENT

INCOME
EQUALITY INDIVIDUALISM

1 Cumulative expenditure on
education
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5. Discussion

This study explored which system-specific factors were consistently associated with
PISA results, and if and how these system-specific factors moderated the relationship
between education conditions and student outcomes. The results showed that gender
equality, income equality, human development, and individualism were associated with
PISA 2015 results in 49 countries. Gender equality was the most consistent of these fac-
tors, being present in almost all (95%) of the high-performing countries and absent in
all of the low-performing countries. Results also showed that the relationship between
most education policies and student outcomes (as measured by PISA) were moderated in
strength and/or direction by these system-specific factors. Thus, although the initial con-
ceptual model implied that context-based policy and practice acted directly upon student
outcomes, this study has shown that system-specific factors moderate the relationships
between education policies and student outcomes. There are several implications from this
work, including the relevance of gender equality for education achievement and research,
the importance of identifying meaningful peer countries, and special considerations for the
future of PISA and policy transfer.

5.1. Gender Equality

Of the eleven system-specific factors analysed in this study, the factor that was most
relevant, most consistent, and symmetrically associated with PISA results was gender
equality. Although understudied and therefore potentially surprising in the field of com-
parative education, this finding supports early concerns regarding the social impact of
gender inequality, as expressed, for example, by Condorcet in 1795 [65] and Mill in 1869 [66].
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This study provides evidence that the systematic disempowerment and limitation of oppor-
tunity, recognition, and representation of women, even among developed countries where
the more brutal forms of gender oppression are rare, negatively impacts the education of
all children, including boys. This has, to date, not been reported in research that considers
the effect of system-specific factors on education outcomes.

5.2. Meaningful Peer Countries

The principal implication for policymakers is the importance of informed selection of
meaningful peer countries. This is not an original idea, as other researchers have shown that
we should “compare a country with meaningfully chosen peers . . . those other countries
with which one shares important socio-economic and cultural attributes” [41] (p. 207). It
is also the idea implicit in criticisms of decontextualised transfer of education policy and
provides a plausible explanation for why policies applied in different countries, have, at
times, resulted in different outcomes [28].

The findings from this study provide evidence that system-specific factors moderate
the effectiveness of education policy, and emphasise, therefore, the importance of carefully
selecting similar countries for policy borrowing and lending. Researchers and policymakers
can identify the system-specific factors that are independently and conjointly associated
with education results, the configuration of system-specific factors to which a country
belongs, and group countries by these configurations. Meaningfully chosen, aspirational
peer countries can be identified among the countries that are most similar in the most
relevant conditions but perform better on the chosen outcome. As policies may result
in different outcomes across different types of countries, a cautious transfer of policies
between meaningful aspirational peers has the potential to reduce these differences. This
approach would return to the foundations of comparative research in education, and once
again recognise the factors upholding school systems and accounting for their practical
efficiency.

5.3. The Future of PISA and Policy Transfer

Finally, as PISA is expanded towards 170 participating nations by 2030 [14], interna-
tional organisations and policymakers should consider whether the additional countries
are more likely to be contextually similar to the countries that score higher or lower on
PISA. Of the 150 countries not included in the first step of this study, there are 34 additional
countries with data on the system-specific factors discussed here. None of these countries
are members of solution set 1 (81% consistent with high PISA results), nor are any of them
members of solution set 2 (100% consistent with high PISA results). However, 29 (85%) of
these countries are members of solution set 3, the configuration that is 81% consistent with
low PISA results. Therefore, as PISA expands to include more countries, these additional
countries are most likely to be similar to the countries that currently perform poorly on
PISA and have reduced possibilities of effective policy transfer from countries that are
typically high performers. The findings from this study indicate that future research could
explore the identification of appropriate, meaningfully chosen, aspirational peer countries
for those nations that are consistently lower in the outcome-enabling conditions, as pol-
icy learning and transfer from those countries may have a higher chance of success. In
the meantime, the transfer of policies from high performing systems, without contextual
consideration, should be approached with caution.

6. Limitations and Future Research

As this study was conducted within a field already criticised for making tenuous causal
claims, it must be emphasised that causal claims from these findings are not analytically
justified. Using QCA as an alternative method of analysis has not changed the nature
of the data (which the OECD has stipulated cannot prove causality). In addition, the
use of existing data has meant that the conditions included in this study were limited by
freely available indices, and cases were limited to those for which data were available.
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It is possible that other relevant system-specific conditions exist but were not included.
However, their addition would logically not contravene the findings of this study, as high
gender equality would continue to be a necessary condition, even if another necessary
condition was found.

The number of cases is both a strength and limitation of this study. The samples are
of a sufficient size for making moderate generalisations for similar countries, but not for
all countries. Of the 23 PISA countries that were not included, four would qualify as high
PISA cases—BSJG (Beijing, Shanghai, Jiangsu, and Guangdong), Macao, Hong Kong, and
Chinese Taipei (also commonly known as Taiwan). It is, therefore, important to stipulate
that this study is limited by the exclusion of China and its dependencies, and that the
findings should not be generalised to include these, or similar, countries. The other 19
excluded countries are not high PISA cases, so whereas their inclusion (should data become
available) may shed additional light on conditions consistently associated with low PISA
results, they are unlikely to impact the findings associated with high PISA results.

This study invites future research into several areas. The relationship of gender
equality with education and other social outcomes should be further investigated from a
longitudinal perspective, as should the possibility of differentiated impacts upon gender
groups (at both the system and individual level). When relevant data exists, the countries
that have been excluded from this study should be incorporated, especially so as to further
understand the impact of gender dynamics on education and other social outcomes in
China, its dependencies, and other Asian countries. Finally, policymakers and researchers
should gather expansive data on individual policy initiatives, and deeply explore the
moderation of policy outcomes by system-specific factors, as although this analysis has pro-
vided preliminary evidence of moderating effects, these need to be more deeply understood
across more countries and contexts, and through more complex models.

7. Conclusions

This study has established that some system-specific factors were consistently asso-
ciated with PISA 2015 results in 49 countries, and that those factors moderated the rela-
tionship between education policies and student outcomes. Specifically, gender equality,
income equality, human development, and individualism were outcome-enabling condi-
tions for PISA results, and gender equality was the most consistent of these conditions.
The initial conceptual model (Figure 1) placed teaching and learning within concentric
circles representing socio-economic, cultural, and education policy conditions, implying
that policy and practice were situated within contexts, but acted directly upon student
outcomes. However, this study has shown that the relationships between education poli-
cies and student outcomes are moderated by system-specific factors. Policy and practice,
therefore, do not act directly upon student outcomes without first passing through the
moderating effect of system-level factors, illustrated in Figure 5.

System-specific factors matter in education, as they are strongly associated with edu-
cation outcomes and moderate the relationship that education policies and practices have
with student outcomes, in some cases even changing the direction of those relationships.
Policymakers wishing to learn from education policies in other countries should therefore
exercise caution and focus their policy learning on those nations with similar configurations
of system-specific factors.
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