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Abstract 
Science education research has developed a fruitful line on epistemology, so-
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edge or nature of science), because these contents are currently considered an 
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sonnel in science department, research-based instruction and adaptive instruc-

study, the methodological limitations of the six epistemic phrases in the student 
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Introduction: approach and foundation 

and explanatory models of natural phenomena, the human nature of the 

  
assessing explanations for a range of natural and technological 
phenomena), 
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the data, statements, and arguments and reaching the appropriate 

  

  

  

observations, facts, hypotheses, models and theories, but also 
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and observations), strategies for variable control and their role in 
experimental designs, communication and presentation of results, and 
different degrees of certainty (depending on the nature and amount of 

hypotheses, explanations, models, and theories, but also to understand 

evaluation through beliefs about science, such as the positive disposition 
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Method

Participants 

(schools and students) to achieve representative samples of the population 

Instruments 

  
  Living systems 
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of physics, chemistry, biology, and terrestrial and spatial sciences and 

  simple multiple choice (select only one response, from four options, 

  complex multiple-selection (a set of responses that are considered 

responses from a list, sentence completion by selecting options, 

  

and coding coherence, detailed technical guidelines and practical 

Approximately one-third of the items belong to each of the three 
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Procedure

(positive) values in the index imply that the students responded less 
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Results 

about the epistemology of science, through the authors’ elaboration 

Epistemic knowledge: global results
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TABLE I. Comparison of countries in the different subscales of scientific knowledge of PISA 2015

 

Average 
science 
perfor-
mance
(Global 
science 
scale)

Average performance 
Subscales of scientific knowl-

edge

Relative strengths in sci-
ence: Average performance 
in the subscales of scientific 

knowledge ...

Knowledge of 
contents (kc)

Procedural 
and epistemic 

knowledge (pe)

... knowledge 
of contents 

(kc)
is greater 
than (pe)

... procedural 
and epistemic 

knowledge 
(pe) is 

greater than 
(kc)

Singapore 556 553 558 co

Japan 538 539 538

Estonia 534 534 535

Chinese Taipei 532 538 528 pe

Finland 531 534 528 pe

Macao (China) 529 527 531 co

Canada 528 528 528

United States 496 490 501 co

Austria 495 501 490 pe

France 495 489 499 co

Sweden 493 498 491 pe

OECD average 493 493 493

Czech Republic 493 499 488 pe

Spain 493 494 492

Latvia 490 489 492 co

Dominican Republic 332 331 330

The blank rows correspond to a series of deleted countries; the complete table is offered in complementary files. (The original 
designation of countries in PISA 2015 report has been respected).
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Epistemic Knowledge Index: relations with performance

are near the top (third and eleventh position, respectively) according to 

a modest score of average science performance, located at the average 
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TABLE II. Indices that represent epistemic beliefs (support for scientific research methods) 

 

Average science 
performance

EK about the nature and origin of scientific 
knowledge

EK index (support 
for scientific re-
search methods)

Difference of points 
of performance by 

unit in the EK index

Mean Mean index Differences

OECD average 493 0,00 33

Chinese Taipei 532 0,31 38

Canada 528 0,30 29

Iceland 473 0,29 28

Portugal 501 0,28 33

Australia 510 0,26 39

United States 496 0,25 32

United Kingdom 509 0,22 37

Singapore 556 0,22 34

New Zealand 513 0,22 40

Ireland 503 0,21 36

Israel 467 0,18 38

Denmark 502 0,17 32

Sweden 493 0,14 38

Spain 493 0,11 30

Slovak Republic 461 -0,35 36

Hungary 477 -0,36 35

Romania 435 -0,38 27

The blue cells represent scores of the variable significantly higher than the mean; grey cells represent scores significantly lower 
than the mean; white cells represent scores whose difference with the mean is non-significant. The empty rows correspond to 
a set of deleted countries.

presents the increase of points in the average science performance per unit 

of these incremental differences is that all of them are positive, that is, 
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improvement in the global science performance that are not only positive 

science performance and epistemic comprehension, such that the more 



Revista de Educación, 380. April-Jun 2018, pp. 97-121
Received: 28-05-2017    Accepted: 15-12-2017

110

Vázquez-Alonso, Á., Manassero Mas, M. A. THE EPISTEMIC KNOWLEDGE IN THE PISA 2015 EVALUATION OF SCIENTIFIC COMPETENCE

Epistemic knowledge: results for the six epistemological phrases

students’ direct response to each of the original four-category format of 

the percentages of the four categories of agreement-disagreement and, 



Revista de Educación, 380. April-Jun 2018, pp. 97-121
Received: 28-05-2017    Accepted: 15-12-2017

111

Vázquez-Alonso, Á., Manassero Mas, M. A. THE EPISTEMIC KNOWLEDGE IN THE PISA 2015 EVALUATION OF SCIENTIFIC COMPETENCE

FIGURE I. Percentage of students belonging to OECD countries who agree or strongly agree 
with each of the 6 phrases that represent diverse epistemic beliefs about scientific and technolo-
gical knowledge

M 

average M

are approximately parallel, and the relative maximum and minimum are 

M

M
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TABLE III. Mean weighted indices of the degrees of agreement/disagreement with the six phra-
ses of epistemic beliefs for each country, which are arranged from highest to lowest mean index 
score (elaboration of authors) 

Six phrases about epistemic beliefs

A (%) B (%) C (%) D (%) E (%) F (%)
Media 
(1-4)

Portugal 3,15 3,17 3,17 3,28 3,15 3,17 3,18

Canada 3,13 3,17 3,25 3,27 3,12 3,12 3,18

Australia 3,10 3,17 3,24 3,33 3,09 3,06 3,16

Iceland 3,15 3,09 3,25 3,30 3,09 3,06 3,16

Ireland 3,24 3,10 3,27 3,37 2,96 2,97 3,15

United States 3,11 3,18 3,21 3,28 3,06 3,08 3,15

New Zealand 3,10 3,13 3,22 3,35 3,06 3,04 3,15

United Kingdom 3,11 3,15 3,19 3,34 3,06 3,05 3,15

Denmark 3,16 2,96 3,19 3,19 3,19 2,95 3,11

Israel 3,15 3,03 3,17 3,27 3,01 2,97 3,10

Sweden 3,05 3,03 3,15 3,23 3,05 3,03 3,09

Spain 3,12 2,95 3,18 3,25 2,96 2,99 3,08

OECD average 3,05 2,94 3,10 3,15 2,93 2,92 3,02

Finland 3,00 2,94 3,10 3,13 2,86 2,88 2,99

Slovak Republic 2,78 2,77 2,90 2,90 2,78 2,76 2,81

Partners

Chinese Taipei 3,05 3,22 3,27 3,24 3,18 3,20 3,19

Singapore 3,16 3,06 3,27 3,36 3,05 3,03 3,16

Malta 3,08 3,03 3,21 3,34 2,88 2,90 3,07

Romania 2,82 2,67 3,03 3,00 2,69 2,63 2,81

Partners Media 2,99 2,89 3,06 3,11 2,89 2,89 2,97

The blank rows correspond to countries not shown here. 
A.  A good way to know whether something is true is to do an experiment; 
B.  The ideas of sciences sometimes change, 
C.  Good answers are based on the evidence of many different experiments; 
D.  It is good to try experiments more than once to ensure their findings; 
E.  Sometimes, scientists change their minds about what is true in sciences; 
F.  Ideas in science books sometimes change.
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FIGURE II. Mean weighted indices in the OECD countries and participant partners in the PISA 
2015 study in the six questions (A, B, C, D, E, and F) of epistemic knowledge (elaboration of 
authors)

Epistemic knowledge: relations with other contextual variables.

school variables, such as the school resources dedicated to science and the 



Revista de Educación, 380. April-Jun 2018, pp. 97-121
Received: 28-05-2017    Accepted: 15-12-2017

114

Vázquez-Alonso, Á., Manassero Mas, M. A. THE EPISTEMIC KNOWLEDGE IN THE PISA 2015 EVALUATION OF SCIENTIFIC COMPETENCE

teaching practices methods include variables such as instruction, 

Teacher-directed instruction 

directed instruction), the students obtain the highest results in science 

The equipment of the science department

better in science (an average of three points more for each positive 

science department is less closely related to the students’ beliefs about 
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The qualification of the science teaching staff 

teachers does not necessarily translate into stronger epistemological 

Netherlands and Qatar, for example, an increase of ten percentage points 

Adaptive instruction 

Adapting the teaching to the students’ needs by providing individual help 
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in the Nordic countries and the Netherlands, Qatar, Singapore, and the 

science performance, probably because the less capable students receive 

Inquiry-based instruction

(experimentation and practical activities are practiced), they obtained 

Discussion and conclusions 

of science, currently constitutes an important research line in science 



Revista de Educación, 380. April-Jun 2018, pp. 97-121
Received: 28-05-2017    Accepted: 15-12-2017

117

Vázquez-Alonso, Á., Manassero Mas, M. A. THE EPISTEMIC KNOWLEDGE IN THE PISA 2015 EVALUATION OF SCIENTIFIC COMPETENCE

than the place achieved in the results for the global science performance, 

important for the research on the nature of science, because it provides 
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confusion is detrimental to clarify their respective teaching and learning, 

students’ better epistemic understanding, although epistemic issues had 

their science performance seems consolidated, the problematic reliability, 
the cross-sectional nature of the data and the uncertainty about the 
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