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The power and paradoxes of PISA: 
Should Inquiry-Based Science Education be 
sacrificed to climb on the rankings?

Abstract 
Since publication of the first PISA results in 2001, the PISA scores have become a kind of global “gold 
standard” for educational quality. Climbing on the international PISA rankings have become a high 
priority for national educational policies world-wide, also in the Nordic countries. This article first 
explores why and how the OECD, with PISA as the main instrument, has emerged as the key defining 
organization for educational quality and policy. Some of the underlying assumptions, ideologies and 
values are critiqued. Secondly, the article draws attention to PISA findings that are surprising, unex-
pected and problematic. The most problematic finding for science education is that PISA-scores cor-
relate negatively with nearly all aspects of inquiry-based science teaching (IBSE), the kind of teaching 
that is recommended by scientists as well as science educators. 

Introduction: PISA as a global standard
International large-scale comparative studies of students’ achievement, often labelled ILSA, have exi-
sted since the 1960’s, mainly organized by the IEA (International Association for Educational Achie-
vement). Acronyms like TIMSS (Trends in Mathematics and Science Study) and PIRLS (Progress in 
International Reading Literacy Study) have become widely known, also outside the education sector. 
Results are reported in the media, and they have over the decades been used by policymakers to in-
form national reforms and initiatives. 

The influence of ILSAs increased dramatically when the OECD (Organization for Economic Coopera-
tion and Development) launched its PISA (Programme for International Student Assessment) project 
in 2000. 
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On the basis of broad analysis and reviews of educational reforms and development, an OECD- report 
on the policy impact of PISA states that  

PISA has been adopted as an almost global standard, and is now used in over 65 countries and 
economies. [….] PISA has become accepted as a reliable instrument for benchmarking student 
performance worldwide, and PISA results have had an influence on policy reform in the major-
ity of participating countries/economies. 
                                                                                                                                            (Breakspear, 2012)

Similarly, Andreas Schleicher, director of PISA and recently also of the Directorate of Education and 
Skills in OECD, in a well visited TED-talk starts his presentation by stating that “PISA is really a story 
of how international comparisons have globalized the field of education that we usually treat as an 
affair of domestic policy.” (Schleicher, 2013).

Figure  1. PISA leader, Andreas Schleicher (2013), presenting what PISA is really about in a TED-talk.  

PISA has increasingly influenced the education debate and policy in nearly all participating countries. 
The three Scandinavian countries experienced ”PISA-shocks” that have led to majour reforms as well 
as conflicts. These are treated in articles, for instance by Serder and Jakobsson (2015, 2016) and Sjø-
berg (2014) as well as books, like the Norwegian anthology edited by Elstad and Sivesind (2010), the 
Swedish by Landahl and Lundahl (2017) and the Danish/Nordic anthology by Klitmøller and Sommer 
(2018).

PISA is constructed and intended for the 30+ industrialized and wealthy OECD countries, but has 
later been joined by a similar number of other countries and ”economies”. The intentions of PISA 
are, of course, related to the overall aims of the OECD and its commitment to a competitive global 
free market economy. When PISA is presented, its importance is stated by claiming that participation 
“make up ninetenths of the world economy.” (OECD, 2010a, p 3). This is a surprising way of counting 
pupils, but it indicates the focus of the PISA-project: the economy. 

The power and paradoxes of PISA
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This article first explores why and how the OECD, with PISA as the main instrument, has emerged as 
the key defining organization for educational quality and policy. It will look critically into some basic 
features of PISA as a political and normative project and examine how the OECD exerts its global 
influence through its statistics and a well-planned media policy. 

Secondly, the article draws attention to PISA findings that are surprising, unexpected and problema-
tic. The most problematic finding for science education is that PISA-scores correlate negatively with 
nearly all aspects of inquiry-based science teaching (IBSE), the kind of teaching that is recommended 
by scientists as well as science educators. Whether one ”believes in PISA” or not, these results need to 
be discussed critically by science educators.  

PISA as a political and normative project
The great influence of PISA mainly stems from the status and authority of the OECD, an organization 
that is ”owned”, governed and financed by the member states. The political nature of PISA is evident 
in the organization of the project: The PISA Governing Board is composed of representatives of OECD 
members, appointed by their education ministries. The Board determines the policy priorities for 
PISA and makes sure that these are respected during the implementation of each PISA survey.

The OECD expressed the aims and ambitions of PISA already before the first PISA testing:  

How well are young adults prepared to meet the challenges of the future?  
Are they able to analyze, reason and communicate their ideas effectively?  
Do they have the capacity to continue learning throughout life?  
Parents, students, the public and those who run education systems need to know. 
                                                                                                                                              (OECD, 1999, p 7)

These words have been repeated in later PISA reports. If the above aims of PISA had been stated as 
“research questions” in a research proposal, it is unlikely to have passed a peer review process. But 
this OECD initiative is politically determined, and not meant for peer review by researchers. 

In the first report from PISA/OECD, the joint commitment of the OECD owners was clearly stated: 
“PISA represents a new commitment by the governments of OECD countries to monitor the outco-
mes of education systems in terms of student achievement, within a common framework that is in-
ternationally agreed.” (OECD, 1999, p11). In later reports, the normative nature of PISA is even more 
explicit. The PISA 2009 report states that PISA “provides a basis for international collaboration in 
defining and implementing educational policies.” (OECD, 2010a, p 3). 

The Swedish professor Ulf P. Lundgren played a major role in the preparations of PISA. Some 10 ye-
ars later, he reflects on what he calls “PISA as a political instrument” and concludes that 

PISA is an example of what in a global world nationally is perceived as the answer to what 
is going to be taught, who it is going to be taught to and how the outcomes of teaching will be 
judged and used for control and political governing. 
                                                                                                                                                (Lundgren, 2011)

The above cited ambitions clearly distinguish PISA from other ILSAs, in particular TIMSS, which 
is also testing achievement in mathematics and science. It is important to remember that PISA is 
explicitly not testing school knowledge or testing according to the country’s curriculum, but “within 
a common framework that is internationally agreed.” TIMSS, on the other hand, tries to test achie-
vement according to the (common elements of) national curricula. Moreover, TIMSS items are often 
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similar to those used in more traditional exams and tests. TIMSS is descriptive and analytical, has no 
political or other “agenda”, and researchers have always played a major role in its development and 
reporting. PISA, on the other hand, is political and normative, and has the ambition to influence edu-
cation policy according to contents, norms and values as defined by the OECD, mainly as preparation 
for the global labour market. It should be noted, however, that also the IEA have become more poli-
ticized in recent years. Governments and their education ministries are IEA member organizations, 
provide the funding and sit on the boards. In 2018 the IEA board is chaired by a representative from 
the Norwegian Directorate of Education.

The PISA project can be seen as part of a wider international policy trend, where common standards 
is a prerequisite, and where concepts and ideas from the market economy are used in the education 
sector. The most visible aspect of PISA is its focus on league tables and numerical scores. The pub-
lished rankings create competition, where there are winners and losers. The countries at the top are 
celebrated at “successful”, and PISA reports hold them up as winners and models. Everything seems 
to centre on having success: PISA reports celebrate successful systems, successful schools, successful 
reformers, successful learners (OECD, 2010a, 2015a and 2016c). The underlying belief is that compe-
tition in a market always generates quality and success. In the PISA perspective, the ultimate meaning 
of schools and education is to prepare the individual for active participation in this competition. It is 
this highly political, normative and narrowing nature of PISA that makes it different from most other 
ILSA studies. 

PISA as “Big Science” 
PISA is a huge multinational undertaking. In a way, it may be compared to what is known as Big 
Science in modern science research. Like NASA and CERN, PISA involves thousands of people from a 
multitude of nations, with several external contractors and national teams. The PISA 2015 Technical 
Report (OECD, 2017, p 456-463) provides names and affiliations of some 600 people involved in just 
the central, international running of PISA: politically appointed boards and expert committees of va-
rious kinds. In addition comes the many hundreds of people involved in the 70+ national PISA teams 
and the people they employ for coding and other work. Tens of thousands of principals and teachers 
are also involved, and of course the more than half a million students that take the test.

The reports from PISA are voluminous, each of them with dozens of authors. The six key international 
PISA 2015 reports (http://www.oecd.org/pisa) are each about 500 A4-size pages, densely packed 
with information, and supported with links to the PISA-databases for download of data for details. 
The PISA 2015 Technical report (OECD, 2017a) was published long time after the release of results, 
and is also 500 pages, compact with details about the technicalities of the project development, data 
collection and statistical analysis. Even for people who are fulltime employed in PISA, it must be dif-
ficult to keep abreast. 

In addition to the voluminous international reports, each country produces national reports, and 
PISA produces a multitude of more specific newsletters and policy briefs. In the light of this richness 
and complexity of data gathering and analysis, it is noteworthy that it is the resulting league table of 
PISA winners and losers that attracts most attention. 

Selling the PISA message
The official release of PISA results is a well-planned and synchronized global media event. When PISA 
results are presented in public, the audience will receive light versions of the voluminous PISA re-
ports, often in the form of ready-made media packages. This reporting is targeting the media, politici-
ans and policymakers. These PISA products are glossy and colourful, well written, with simple messa-
ges, conclusions and recommendations. Presentation videos and interactive data animations are also 
made available, often in close cooperation with commercial providers, the largest being Pearson Inc. 

The power and paradoxes of PISA
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the world’s largest provider of educational tests, textbooks, services and private schools. Pearson is a 
key partner also in the development of PISA 2018. The invitations to the PISA press briefings and the 
release of reports clearly state that the PISA results should be seen as indicators for the future econo-
mic competiveness. The well-arranged PISA release is described as follows in an in-depth study: 

A few weeks before the release of PISA results in December of the year following that in 
which the test was administered, notification is sent to a list of approximately 4500 jour-
nalists globally, alerting them to the imminent publication of PISA results. The media team 
then works with the Education Directorate on a choreographed release of PISA results.  
                                                                                                                                   (Addey et al., 2017, p14)

The resulting country rankings of mean PISA-scores receive most of the attention, and create what 
Sellar, Thomson and Rutkowski (2017) describe as a “a global education race”. They strongly warn 
against trying to copy the celebrated PISA-winners. The final conclusion in their most readable book 
is that “PISA envy is toxic” (ibid, p 99).

PISA and Human Capital production 
The focus on the economy is a key for understanding the extreme importance that is now attributed 
to the PISA rankings: it seems “common sense” that high scores on reading, mathematics and science 
are predictors for the country’s future economic competitiveness. Hence, low rankings on PISA are 
assumed to be bad signals for the future of the nations’ competitive economy. This is explicitly stated 
in the international PISA reports as well in the press briefings for the release of results. 

Important underpinnings regarding the importance of international test results for economic pro-
sperity are the works of the US economist Eric Hanushek. Over decades he has published extensively 
on the relationship between economic investment and educational quality, and is widely used by the 
World Bank and the OECD. With his companion, the German professor Ludger Woessman, he aut-
hored the OECD report on “The long run Economic Impact of Improving PISA Outcomes” (OECD, 
2010b). In this report, they provide numbers on how much each country will earn on improving the 
national PISA-score. They provide different scenarios for the implications of different magnitudes of 
PISA improvements. 

Concretely, they assert that an increase in 25 PISA points (a quarter of a standard deviation) over 
time will increase the Danish GDP with 586 billion USD (OECD, 2010b, p23). Norway would earn 
841 billion USD and Sweden 1019 billion. They also claim that if Germany improves its PISA-score 
to the level of Finland, “Germany would see a USD 16 trillion improvement, or more than five times 
current GDP. All of these calculations are in real, or inflation-adjusted, terms.” (ibid, p25).

These and other findings based on Hanushek’s economic modelling have for decades been strongly 
rejected by scholars from many academic fields, simply by discarding the validity of such projections. 
They claim that no social science can make predictions like these. Recently, also the calculations are 
challenged in an article that asserts that they are based on invalid statistics. For an academic arti-
cle, the title is sharper than one often sees, even naming the target for the critique: “A new global 
policy regime founded on invalid statistics? Hanushek, Woessmann, PISA, and economic growth.” 
(Komatsu & Rappleye, 2017). The authors have used exactly the same data, and come to completely 
different results. They end the article by stating that “Our intent is to contribute to a more rigorous 
global discussion on education policy, as well as call attention to the fact that the new global policy 
regime is founded on flawed statistics”. (Komatsu & Rappleye, 2017). 

Svein Sjøberg
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Expanding and extending PISA
Seen from the OECD, PISA has been a remarkable success. By providing rankings and indicators 
based on its data, PISA sets the scene for discussions about quality of schooling and entire school 
systems. And in most countries, politicians and policy-makers follow suit. Given this success; it is 
easy to understand that the OECD is also broadening its scope and influence in the education sector 
with other “PISA-like” studies, ranging from kindergarten to retirement age, from the national level 
to school level, and from highly developed OECD countries to developing countries. Examples follow.

“Starting Strong” is one of several OECD-programs to address preschool/kindergarten level 
(ECEC: Early Childhood Education and Care), also by comparing attainments and competencies and 
the return of investments in early child care (OECD, 2017b). 

“PISA-based test for Schools” is a PISA-like test that may be used to test how well a school or 
school district compares with each other or with the PISA-winners. This may thereby bring the power 
of influence on policies closer to school districts, local authorities and even particular schools and 
their teachers. The product is commercially available in the USA, UK and Spain (OECD, 2018c). 

“PIAAC, Survey of Adult Skills” (often called “PISA for adults”) is measuring skills and compe-
tencies of the adult work-force (16-65 years), on a scale similar to the PISA scale. The survey measures 
adults’ proficiency in key information-processing skills - literacy, numeracy and problem solving in 
technology-rich environments - and gathers information and data on how adults use their skills at 
home, at work and in the wider community. In each country, a representative sample of about 5 000 
are interviewed in face-to-face settings. Some 40 countries took part in the first testing round, and 
data are published and available in many formats, see for instance (OECD, 2016d). 

“PISA for Development” is a version of PISA that is meant to be used by low- and middle income 
countries. It will do this using “enhanced PISA survey instruments that are more relevant for the 
contexts found in middle- and low-income countries but which produce scores that are on the same 
scales as the main PISA assessment”. In this project, the OECD also defines supposedly globally valid 
competencies that are needed for young people in all developing countries. Results are likely to be 
used as benchmarks for development assistance from the World Bank and other donors. PISA for 
Development publishes regular policy briefs with progress reports and findings. (OECD, 2018a).

Education at a glance: OECD Indicators is an annual publication that brings indicators and 
statistics from the OECD/PISA and other sources, and is widely used by policymakers and researchers 
world-wide. Data are also available in different formats (like Excel) to be downloaded for analysis. 
The reports provide “key information on the output of educational institutions; the impact of lear-
ning across countries; the financial and human resources invested in education; access, partici-
pation and progression in education; and the learning environment and organisation of schools.” 
(OECD, 2017c). 

Over the years, the OECD has become a key global provider of statistics, not only for the economy, 
but also in the education sector. The OECD statistics is increasingly being used by other global actors, 
including the European Union, the World Bank and gradually also UN-organizations like UNESCO. 

The main concern from the many critics of the OECD and PISA is that school policies, which used to 
be the core aspect of all nations’ cultural heritage, values and identity has become the subject of ex-
ternal and global influence, where the prime perspective is the economic competitiveness in a harsh 
global race. This implies a de facto redefinition and narrowing of the purpose and meaning of schools. 

The power and paradoxes of PISA
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Governance by numbers, statistics and indicators 
The OECD has no formal legal power, but exerts what scholars describe as “soft power”, they “govern 
by numbers and indicators” (Grek, 2009). 

Good and reliable statistics is, of course, important. But statistics and indicators do not simply de-
scribe reality, they construct and shape reality. What you choose to measure also defines what is seen 
as important. How you construct an indicator builds on underlying assumptions and value-based 
priorities that are soon forgotten when league tables are constructed and presented. 

Simon Breakspear is making the same point in a report with the telling title “How does PISA shape 
education policy making? Why how we measure learning determines what counts in education.” 
(Breakspear, 2014).

The influence of PISA on educational policy takes many forms, but they all rest on the use of compari-
sons, rankings, statistics and indicators. Xavier Pons (2017) has provided a critical review of research 
on PISA effects on education governance. The review exploits a dataset of 87 references which show 
that PISA introduced major changes in the governance of education worldwide. He provides several 
case studies of how national reforms have been triggered and legitimized by reference to perceived 
“PISA-shocks”.

One example is Australia; where the prime mister, Julia Gillard, in 2012 stated that “The government 
will use PISA […] to track Australia’s progress compared with the rest of the world. By 2025, Aust-
ralia should be top five in the world.” (The Australian, 3. Sept 2012)
 
Another example is Norway. The day of the release of PISA 2015 results, the Norwegian minister of 
education, Torbjørn Røe Isaksen wrote the following in a leading Norwegian newspaper:

Waking up this morning, I knew that this was one of the most important days in my life as 
minister of Education: The PISA-day. […]  
Right or wrong, PISA results define a government’s period as success or failure, and this was 
the day! 

(Røe Isaksen, Morgenbladet, 6 Dec 2016, my translation)

Governments in other countries have made similar statements, stating that climbing on PISA-ran-
kings is the main goal for their schools. (Sjøberg, 2015; Pons, 2017). 

The PISA reporting of data, in particular the normative conclusions and recommendations, has been 
met with strong criticism, also from researchers involved in PISA and other ILSAs. Rutkowski and 
Rutkowski (2016) urge PISA to have a “more measured approach to reporting and interpreting PISA 
results”. A main point in the critique is that PISA reporting makes causal claims, while the research 
design does not allow causal inferences about neither “success” nor “failure”. 

The PISA scores and league tables get most of the attention in the media as well as from policy-ma-
kers (Steiner-Khamsi, 2003). Less attention is given to the details and to the many surprising and pa-
radoxical results. In the following, we go in some detail on results of importance to science education. 

PISA, science literacy and inquiry
“Science literacy” was one of the three core components of the PISA test already from the first PISA-
round in 2000. In the two first rounds of PISA, the definition of science literacy was rather short, but 
when science in 2006 was for the first time the core subject of PISA, the definition was developed and 
expanded considerably. 

Svein Sjøberg
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In 2015, when science for the second time was the core PISA domain, the definition was changed, 
further elaborated and extended. But when the definition of science literacy changes over time, this 
becomes problematic, since measuring trends is a key purpose of PISA. When you want to measure 
change, you cannot change the measure. Nevertheless, trends for PISA science literacy are often pro-
vided on the same graphs already from the first PISA round until the present. The PISA reports make 
readers aware of the changing definitions in footnotes, but most readers do probably not read these. 

The new definition of science literacy for the PISA 2015 is given in short and more detailed versions. 
In the report that provides the first PISA 2015 results, the following definition is given: 

Science literacy is defined as the ability to engage with science-related issues, and with 
the ideas of science, as a reflective citizen. A scientifically literate person is willing to engage in 
reasoned discourse about science and technology, which requires the competencies to explain 
phenomena scientifically, evaluate and design scientific inquiry, and interpret data and evi-
dence scientifically. 
                                                                                                                                         (OECD 2016b, p. 28) 

This short version is expanded in the Assessment and Analytical Framework (OECD, 2016a). Well 
known science education researchers were involved in this work. The science literacy expert group 
was chaired by Professor Jonathan Osborne, and included more than a dozen other science educa-
tors, among them Robin Millar, Andrée Tiberghien, Russell Tytler, Rodger Bybee, Harrie Eijkelhof 
and Jens Dolin from Denmark. It may, however, seem a little strange to read that “The framework 
for assessing science was developed by the scientific literacy expert group with the guidance of [4 
names are given] from Pearson” (OECD, 2016a, p 3). Pearson is, as noted, is the world’s largest com-
mercial provider of educational services and products. It is no doubt that the close relationship with 
PISA gives Pearson a strong competitive advantage on the ever-growing global edu-business market. 
(Hogan, Sellar and Lingard, 2016). 

In refining and extending the PISA definition of science literacy the expert group base their arguments 
and conclusions on important contributions to the “canon” of philosophy of science and the field of 
science education. The PISA definition also builds on previous reviews of the concept science literacy 
(Roberts, 2007), and on policy-oriented recommendations from working groups from the science 
education community, as provided in for instance Millar and Osborne (1998) and Osborne and Dillon 
(2008). 

Most science educators are likely to find the selection of background material, the discussions and the 
resulting clarification to be of great interest. It may serve as a valuable source for discussions regard-
ing the purpose and contents of school science. 

The PISA 2015 definition of science literacy includes affective dimensions, and they are explicit on 
this: “Attitudes form part of the construct of scientific literacy. That is, a person’s scientific lit-
eracy includes certain attitudes, beliefs, motivational orientations, self-efficacy and values.” (OECD, 
2016a, p36).

The framework clearly distinguishes between attitudes towards science (like being interested in sci-
ence) and scientific attitudes (like valuing empirical evidence as the basis of belief). 

The PISA 2015 assessment evaluates students’ attitudes towards science in three areas: interest in 
science and technology, environmental awareness, and valuing scientific approaches to inquiry. 

Some affective elements were already included in the PISA 2006 science test as ”embedded” in the 
science test units. The students were asked whether they were interested in the topic of the unit and 

The power and paradoxes of PISA
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whether they wanted to learn more about the topic. On the basis of such responses, a construct of ”In-
terest in science” was calculated. The responses to these questions were, however, not included when 
calculating the PISA score. In fact, the results for the interest score were somewhat surprising, and 
“revealed a negative correlation between student science topic interest and science performance 
at the country level.” (Bybee and McRae, 2011). Many countries with high PISA score came out low 
on the interest score. As Bybee and McRae (2011) also notes: “Finland, the country with the highest 
mean science achievement score in PISA 2006, was the lowest scoring country on the interest scale.” 
Such results should cause some concern when discussion educational implications of PISA, especially 
when it comes to learning from the winners. 

For different reasons, in PISA 2015, attitudinal aspects like interest in science were no longer “embed-
ded” in the test units, but placed in the student questionnaire. Given the comprehensive PISA 2015 
definition of scientific literacy, a reader might assume that the PISA science literacy score actually 
includes all aspects mentioned. But, although they are part of the definition, they are not addressed by 
the test items; the published PISA science literacy score is based solely on the results from test items. 

Attitudinal aspects and questions related to teaching and learning experiences, attitudes to science, 
epistemic beliefs etc. are, however, addressed in the PISA student background questionnaire. On the 
basis of the questionnaire, certain constructs that are part of the above science literacy definition are 
calculated. PISA reports provide the details, and also how these constructs relate to the PISA test 
score (OECD, 2016c). Some of these results are surprising and problematic and are explored in the 
following. 

Inquiry in science education 
The concept of inquiry is central when philosophers describe what science is all about. In fact, science 
and inquiry are often listed as synonyms in dictionaries. Inquiry can be a noun, the result of an inves-
tigation, and also a description of the process that leads to knowledge and insights. The term inquiry 
was central in John Dewey’s (1938) philosophy of education, and my own first encounter with physics 
education literature was through Eric Roger’s fascinating book Physics for the Inquiring Mind (1960) 
– still worthy a revisit!

Understanding the nature of science, often with the acronym of NOS, has long time been an impor-
tant issue in science education (Lederman, 1992, 2006). Sometimes NOS is described as knowledge 
about science, as a contrast to knowledge in science. When stressing knowledge about science, it is 
often to draw attention to science as a human product and a dynamic process, often contrasted to 
considering science as a mere pile of established facts, laws and theories. 

In science education, the concept of inquiry can be manifested when learning about the nature of 
science, and most often when we focus on the process dimension of doing science. Science curricula 
in many countries stress that students should learn about how scientific knowledge is developed, 
constructed, validated and tested through systematic inquiry. Students are also supposed to develop 
their epistemological understanding of science as a discipline whose knowledge claims are based on 
inquiry and in principle are tentative, fallible and open for scrutiny. 

In school science, inquiry may also be manifested in the methods of teaching and instruction. A basic 
idea that the learners should “act like scientists”: they are supposed to formulate ideas to be tested, 
design and carry out experiments, discuss the findings and draw conclusions. By doing this, students 
will hopefully develop an understanding of the processes as well as the contents of science. So – by 
themselves working more or less like scientists, the students are supposed to learn the science con-
tents as well as improving their understanding of the nature of science as a process and activity. 

Svein Sjøberg
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Inquiry-based teaching has always been a valued aspect of science education. In recent years it has 
again been brought into use again, as if it were a newcomer. Inquiry-Based Science Education, IBSE, 
is now a well-known acronym for science educators, and appear in policy-documents from a variety 
of institutions and organizations. IBSE is the key term in the influential EU-document Science Edu-
cation NOW: A renewed pedagogy for the future of Europe (EC, 2007), chaired by Michel Rocard, 
former Prime Minister of France. The report claims that “IBSE is effective with all kinds of students 
from the weakest to the most able and is fully compatible with the ambition of excellence. Moreover 
IBSE is beneficial to promoting girls’ interest and participation in science activities.” (EC, 2007, p2) 

Based on this report, the term IBSE became a key concept in calls for EU-funding for science educa-
tion research and initiatives in Frame Programme 7 as well as for the current Horizon 2020 -pro-
gramme. IBSE also plays a major role in the recommendations in the International Council for Sci-
ence report to the Science Unions world-wide (ICSU, 2011). IBSE is also the key idea in the science 
educational initiatives of ALLEA, the European Federation of Academies of Sciences and Humani-
ties, which brings together Academies in more than 40 European countries. The joint programme 
statement for science education claims that “IBSE is a form of science education that – unlike the 
traditional model where the teacher provides facts and the students learn them – gives children the 
opportunity to explore “hands on”, to experiment, to ask questions and to develop responses based 
on reasoning” (http://www.allea.org, visited March 05, 2018)

As we can see from the above, IBSE is promoted for many different reasons and from many different 
stakeholders. It is emphasized that active involvement in investigations and discussions is in line with 
basic ideas about the nature of science as a discipline, and also with the tenets of a constructivist view 
on learning. Moreover, it is expected that IBSE leads to stronger personal involvement and higher 
interest in science, in particular for girls. IBSE is also assumed to enhance the respect for science and 
the motivation to choose science-related studies and occupations.

In summary, we may identify three different reasons for recommending IBSE: 

1. IBSE is an efficient way of teaching and learning science contents 
2. IBSE is instrumental for learning about the nature of science  
3. IBSE will improve students’ joy, interest and motivation towards science

To which degree IBSE lives up to these three expectations is an empirical question. PISA data might 
shed light on this issue.  

IBSE and PISA-score
In PISA 2015, nine statements in the student questionnaire are meant to measure to which degree the 
students have taken part in inquiry-based teaching. The questions are the following: 

Students are given opportunities to explain their ideas  
Students spend time in the laboratory doing practical experiments  
Students are required to argue about science questions  
Students are asked to draw conclusions from an experiment they have conducted 
Students are allowed to design their own experiments  
Students are asked to do an investigation to test ideas  
There is a class debate about investigations 
The teacher clearly explains the relevance of science concepts to our lives  
The teacher explains how a science idea can be applied to a number of different phenomena 
                                                                                                                                        (OECD 2016c, p 242)
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These questions are answered on a 4-point Likert scale and are combined to an index of inquiry-
based instruction. This index is meant to “measure the extent to which science teachers encourage 
students to be deep learners and to inquire about a science problem using scientific methods, inclu-
ding experiments.” (ibid, p242). 
The relationship between IBSE-index and the PISA score is provided in various ways in OECD, 2016c. 
Figure 2 show how each of the nine components on this index relate to the PISA score. 

Figure 2. The different components of the IBSE-index and the PISA-score. (OECD, 2016c, p 262)  

Here we see that the overall pattern is a negative relationship between the components of the IBSE-
index and PISA-score. The main exception is the component “The teacher explains how a science 
idea can be applied to a number of different phenomena.” One might argue that this component 
should rather belong to another index, the “Index of teacher-directed instruction”. The same may 
be the case for the component “The teacher clearly explains the relevance of science concepts to our 
lives.”  

This Index of teacher-directed instruction varies strongly between countries, and high scoring and 
low-scoring countries are interestingly at both ends of this spectrum: In Singapore and Finland stu-
dents report a much higher teacher-directed value than the OECD average, while Korea and Japan 
have low teacher-directed index. The most interesting and indeed challenging result is that within all 
countries, teacher-directed teaching correlates positively with the students’ PISA test scores. (OECD, 
2016c, p 64).
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IBSE and the Nordic countries
Figure 3 shows the countries sorted by the index of inquiry-based instruction with country means 
based on students’ reports. At the very bottom we find the high-scoring PISA countries like Japan, 
Korea, Taiwan and Finland. In these counties students are barely exposed to IBSE. Norway is around 
the OECD average, while Sweden and in particular Denmark are among the highest OECD-countries 
on the list. (OECD, 2016c, p 72). 

Figure 3. Countries sorted by PISA Index of Inquiry-based instruction. Country means based on 
students’ reports. The index normalized for OECD mean value zero and standard deviation 1.0. 
Countries in black are the OECD countries. Source: Part of Figure II.2.19 in OECD, 2016c, p72.
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The PISA-reports note that the mentioned high-scoring countries seldom use IBSE and that the ge-
neral pattern is that “in 56 countries and economies, greater exposure to inquiry-based instruction 
is associated with lower scores in science. (OECD, 2016c, p36).

Also, for the variation among students within the same country, the PISA finding is that “in no educa-
tion system do students who reported that they are frequently exposed to inquiry based instruction 
[….] score higher in science.” (ibid, p71). 

One of the questions in the inquiry-index may be of particular interest for science educators. Experi-
ments play a crucial role in science, and have always played an important role in science teaching at 
all levels. In many countries, doing experiments are part and parcel of science teaching, often accom-
panied with concrete statements about numbers of obligatory experiments to be performed. Well-
equipped school science laboratories are often seen as a prerequisite for quality science teaching. But 
when it comes to PISA scores, the report states that activities related to experiments and laboratory 
work show the strongest negative relationship with science performance. (ibid, p71). 

But, although the relationship between IBSE and PISA test score is negative, IBSE relates positively 
to interest in science, epistemic beliefs and motivation for science-oriented future careers: “Across 
OECD countries, more frequent inquiry-based teaching is positively related to students holding 
stronger epistemic beliefs and being more likely to expect to work in a science-related occupation 
when they are 30.” (ibid, p36). 

From a science education and an even broader educational perspective, these results are most inte-
resting and challenging. It indicates that although IBSE may not increase the immediate knowledge 
score on tests like PISA, inquiry-based teaching may lead to a better understanding of the nature of 
science and also increase students’ motivation to choose science-related education and careers.  

Summary and discussion
This article has two main concerns: Firstly to argue that PISA should be understood in a broader 
political and cultural context, and secondly to draw attention to issues of direct relevance for science 
education. 

PISA is basically a political project: formulated, governed and financed by the OECD “owners” in line 
with the priorities of the OECD. The project is explicitly normative, but presented and understood 
as a neutral and objective measure of the quality of a nations’ school system and a proxy for the na-
tions’ future global competitiveness. From this perspective, PISA has been a global success, and the 
consequences of PISA are many. The most serious is a kind epistemological dominance: Govern-
ments’ obsession with PISA-scores redefines and restricts the very meaning and purpose of schools. 
In many countries PISA-shocks have opened up for ill-informed school reforms. The Finnish educa-
tor Pasi Sahlberg (2011) describes these PISA-driven educational reforms by the acronym GERM: 
Global Educational Reform Movement, characterized by privatization, market driven reforms, free 
school choice, competition and test-driven accountability. He notes that “Finland has remained im-
mune, but other Nordic countries have moved to adopt policies that are close to GERM.” (Sahlberg, 
2011, p125).

While the above points should be a concern for everybody with an interest in the role of schools and 
education, the second part of this article addresses issues that are more directly of concern for science 
educators. Most science educators would appreciate the deliberations around the concept of science 
literacy as provided in the PISA Framework (OECD, 2016a). The resulting PISA definition of science 
literacy is in harmony with widely shared ideas and ideals among stakeholders in science as well 
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as in science education. (Although the PISA documents barely mention the current UN Sustainable 
Development Goals and the related initiatives regarding Education for Sustainable Development.)

A reader of PISA results is likely to believe that the science literacy score is a valid measure of the 
published definition. But this is not the case. The PISA science literacy score is calculated solely on 
the scores on the test units. Important elements of the definition of science literacy are not included 
in the score, but are measured by responses in the students’ questionnaire. 

More concretely, we have drawn attention to the fact that the published PISA test score correlates 
negatively with being exposed to inquiry-based teaching methods, in particular with doing science 
experiments. The celebrated PISA-winners do to a limited degree use IBSE in their teaching. 

On the other hand, being exposed to IBSE is positively related to students’ epistemological beliefs 
about science, their attitudes towards science and their interest in pursuing science later in life. From 
an educational perspective, such results may in the long run be more important than answering cor-
rectly on a test at age fifteen. 

In an analysis of the PISA 2015-data, US-Chinese Yong Zhao (2017) points out that students in the 
so-called PISA-winners in East-Asia (e.g. Japan, Korea, Hong Kong, Singapore) seem to suffer from 
what he calls “side-effects” of the struggle to get good marks and high test-scores. He presents PISA-
data that show that students in these countries have very low self-confidence and self-efficacy related 
to science and mathematics. He points out that there “is a significant negative correlation between 
students’ self-efficacy in science and their scores in the subject across education systems in the 2015 
PISA results. Additionally, PISA scores have been found to have a significant negative correlation 
with entrepreneurial confidence and intentions. (Zhao, 2017).

It is also interesting to note that many of the winners in the PISA science score also have the largest 
gender differences in PISA score. Finland is a prime example, where girls outperform boys on all three 
subjects in PISA subjects. In reading literacy, the difference in means is about 50 % of a standard de-
viation. Again, such findings from PISA should call for some caution against trying to copy the “PISA 
winners”.

Other problematical PISA-results should also be of interest for educators. Money and resources spent 
on education do not seem to matter for the PISA scores (OECD, 2016a, p184). Class size does not 
matter (OECD, 2016b, p207). PISA-scores correlate negatively with investment in and the use of ICT 
in teaching (OECD, 2015b). PISA science scores seem unrelated to the teaching-time given to science 
in schools (OECD, 2016c). The availability of a well-equipped school science laboratory with “science-
specific” resources has no positive association to PISA-score in the majority of PISA countries (OECD, 
2016c, p55). Somewhat surprising is also the finding that the index of “feedback from teachers” corre-
lates negatively with the PISA-score for practically all countries, among them all the Nordic countries 
(OECD, 2016c, p67). 

Such findings of positive and negative relationships and associations are often presented and under-
stood as causality in the international PISA reports. We should, however, remember that PISA cannot 
by its design make any causal claims. As noted before, the OECD has been urged to have a “more 
measured approach to reporting and interpreting PISA results” (Rutkowski & Rutkowski, 2016).

Concluding remarks
Some of the above problematic results are not difficult to understand. If the ultimate test of quality in 
science teaching is the score on a test (written or digital), it is no surprise that teaching will be more 
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“cost-effective” than spending time on excursions, experimental work or discussion of socio-scientific 
issues or the nature of science. 

A written (or digital) test like PISA can hardly measure the skills and competencies acquired in expe-
rimental work in a lab or on an excursion; neither can it capture the kind of interest, curiosity and ent-
husiasm that may be the result of argumentation, inquiry, and the search for solutions to questions 
that the students have formulated themselves. But these aspects are part of the definition of science 
literacy in PISA as well as in other sources. 

The use of PISA data for policy recommendations is, at best, very selective. If one “believes in PISA”, 
one has to take all the results seriously, also those which are counterintuitive and at odds with other 
research findings and policies that are recommended by scientists as well as science educators. 

The danger is that schools, in politicians’ priority to climb on the PISA rankings, sacrifice the educa-
tional strife for a better, more interesting, authentic, context-based and relevant science education 
for the learners. 

Large resources are used by the governments to run the PISA project. Many academic institutions are 
dependent on contracts to run PISA and other ILSAs. In a situation where external finance is vital, 
these contracts are of importance for jobs as well as budget balance. Institutions, who win the bids 
to run ILSA projects as well as national and other testing regimes, develop a close relationship to the 
governmental agencies. Some sort of loyalty may be expected from the staff and the institution. Aca-
demic ideals may become subordinated and suffer when such dependencies develop. Critical research 
is scarce and not well funded. Given the great political and educational importance of PISA, there is 
a strong need for critical and independent research. Above all, science educators should address the 
contradictions in the messages from the different international actors, and face the cultural, political 
and ideological tensions between different views on the role and purposes of school science. 
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