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A study of PISA data from 2009 revealed significant positive and high latent correlations 
between reading sub-competences, as well as between these sub-competences and 
mathematical and/or science competences, in nearly all of the 74 countries and federal 
states (.39 ≤  ≤ .96; overall mean:  = .83). These high to very strong latent 
correlations indicate a weak empirical discriminability of the PISA competences. 
Moreover, as GDP per capita increases across countries and federal states, the latent 
correlations between these competences and/or subscales tend to become stronger. 
Consistent with previous studies, these latent correlations could be statistically 
attributed to a general factor (PISA-g) and a reading-specific factor (RspecF) within a 
bi-factor model for each country and federal state. The standardized loadings of the 
reading competence subscales on PISA-g were stronger than those on RspecF (mean: 

 = .82 vs.  = .47). A close examination of the content of the PISA tasks and 
their cognitive demands (e.g., information acquisition, reasoning) indicates that PISA-g 
is more similar to a general cognitive ability. Furthermore, PISA-g demonstrated a 
consistent correlation pattern with intelligence-related student characteristics (e.g., 
parental education) in the majority of the countries and federal states examined. 
Contrary to expectations, the reading-related student characteristics (e.g., learning or 
metacognitive strategies) did not correlate significantly higher with RspecF than with 
PISA-g in the majority of cases, if not all. The precise nature of RspecF remains 
ambiguous, as no student characteristics correlated strongly with it while simultaneously 
exhibiting non-significant correlations with PISA-g. A comparison showed slightly higher 
correlations of the reading-related characteristics with the reading competence than with 
mathematics and science in most cases. Consequently, the discriminant validity of the 
PISA competences was found to be low. The results suggest that PISA primarily assesses 
a general cognitive ability. 

1. The relevance of a general factor and a          
reading-specific factor   

The Programme for International Student Assessment 
(PISA) “assesses the extent to which students near the end 
of compulsory education have acquired some of the knowl
edge and skills that are essential for full participation in 
modern societies, with a focus on reading, mathematics and 
science” (OECD, 2010d, p. 18). In previous PISA studies, 
strong latent correlations have been identified between the 
mathematics, science, and reading literacy scales (e.g., .81 
≤ rlatent ≤ .90 in PISA 2015; OECD, 2017, p. 247) as well 
as between the reading subscales (e.g., .88 ≤ rlatent ≤ .94 
in PISA 2000; Artelt & Schlagmüller, 2004, p. 174, Ger
man data set). A multitude of factors may influence the cor
relations between the PISA domains (reading, mathemat
ics, and science) or their subdomains (i.e., subscales). These 
include, for instance, the similarity of cognitive demands 
across PISA items (Rindermann & Baumeister, 2015), sub

stantial variability in student competences (Prenzel et al., 
2001), and test-taking behavior such as test motivation or 
guessing (Borger et al., 2025; He et al., 2025; Michaelides 
et al., 2024). Additionally, the use of latent rather than 
manifest correlations is a contributing factor (OECD, 2012). 
“Latent correlations [rlatent] are unbiased estimates of the 
true correlation between the underlying latent variables. 
As such they are not attenuated by the unreliability of 
the measures and will generally be higher than the typical 
product moment correlations [rmanifest] that have not been 
disattenuated for unreliability” (OECD, 2012, p. 194). For 
instance, rlatent is .12 to .24 units greater than rmanifest 
for correlations between reading literacy subscales and be
tween competence domains (reading, mathematics, sci
ence) on total scale level, based on German PISA 2000 data 
(see Artelt & Schlagmüller, 2004, pp. 171, 174). 
Past nested-factor model analyses have shown that in

dividual differences in and correlations between the total 
scales, subscales, and items of the three dimensions—read
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ing, mathematics, and science—can be attributed to a gen
eral factor (g) (e.g., Brunner, 2008; Brunner et al., 2013; 
Pokropek, Marks, & Borgonovi, 2022; Pokropek, Marks, 
Borgonovi, et al., 2022). Moreover, previous research has 
indicated that nested-factor models provide superior model 
fit compared with one-factor models. In nested-factor mod
els, one or more independent competence-specific factors 
(e.g., reading, mathematics, or science) are postulated in 
conjunction with a general factor. The general factor (g) 
is variously referred to as, for example, reasoning ability 
(Brunner, 2008), general student achievement (Brunner et 
al., 2013), intelligence (Rindermann, 2007), general cogni
tive abilities (Kampa et al., 2021), or general academic abil
ity (Pokropek, Marks, Borgonovi, et al., 2022). The designa
tion of this factor as reasoning ability or intelligence can be 
supported by the following research results: 

The correlational relationships between g and parental 
education or delayed schooling as intelligence-relevant 
variables (e.g., Rindermann, 2018) have yet to be examined. 
An assumed reading-specific factor is one that exclu

sively refers to the domain of reading literacy. Therefore, it 
should correlate closely with reading-related student char

acteristics (Pokropek, Marks, & Borgonovi, 2022). In previ
ous analyses, correlations were identified between a read
ing-specific factor and several reading-related student 
variables, including reading enjoyment, verbal self-con
cept, and German grade (e.g., Brunner, 2006, 2008; 
Pokropek, Marks, & Borgonovi, 2022). However, the precise 
nature of this factor has remained unclear, given the weak 
to moderate strength of these correlations. Nevertheless, 
its correlations with the use of memorization, elaboration, 
and control strategies, as well as with students’ ability to 
accurately assess the usefulness of effective strategies for 
dealing with textual information, have not yet been investi
gated. These strategies, especially those dealing with text, 
may be regarded as reading-specific student characteristics, 
as they are designed to facilitate the learning and compre
hension of texts (OECD, 2010c). 
The objective of this study is to provide a more compre

hensive description of the general PISA factor (i.e., PISA-g) 
and the reading-specific factor. To this end, a correlation 
analysis will be conducted between these factors and in
telligence-related and reading-specific student characteris
tics, respectively. The PISA 2009 data set is particularly well 
suited to this purpose because it includes reading-related 
variables such as memorization, elaboration, and control 
strategies—variables that are not available in more recent 
PISA cycles, including PISA 2018 and 2022. 

2. Research questions and analytical approach       

The following research questions will guide our study: 

In order to address the aforementioned research ques
tions, the subsequent analytical approach was employed: 
The theoretical conception of the three compe
tences—reading, mathematics, and science—is presented 
herein, along with a description of exemplary item de
mands. Subsequently, comparisons will be made between 
these competences (reading: subscales) with respect to pos
sible similar task requirements. In order to theoretically 
derive and describe a general factor explaining the corre
lations between the competences and sub-competences in 
PISA 2009, the demands of the PISA items are compared 
with two comprehensive definitions of intelligence: one by 
Gottfredson (1997a, 1997b) and the other by Rindermann 
(2018) as well as with the demands of an intelligence test 
used in the Polish national extension of PISA 2009 
(Pokropek, Marks, & Borgonovi, 2022). Next, a nested-fac
tor model and a one-factor model, based on the reading 
competence subscales, mathematics competence, and sci

1. PISA items include, to some extent, cognitive de
mands relevant to intelligence, such as comprehen
sion, reasoning, and problem-solving (Baumert et al., 
2009; Rindermann & Baumeister, 2015). 

2. Significant, positive, and moderate to strong latent 
or manifest correlations have been reported between 
the PISA competences (i.e., reading, mathematics, 
and science) and intelligence test results, as well as 
between the latter and reading or mathematics sub-
competences, based on German, Polish, and Latin 
American PISA data (e.g., .42 <  ≤ .86; 
see Brunner, 2008; Flores-Mendoza et al., 2021; 
Kampa et al., 2021; Knoche & Lind, 2004; Kriegbaum 
& Spinath, 2016; Leutner et al., 2005, 2006; 
Pokropek, Marks, & Borgonovi, 2022; Rajchert et al., 
2014; Wirth et al., 2005). 

3. Substantial to high loadings (λ) have been observed 
for intelligence test items from Raven’s Standard Pro
gressive Matrices (Jaworowska et al., 2000) and for the 
PISA 2009 reading, mathematics, and science items 
on a general factor (e.g., .08 ≤ λ ≤ .81, mean λ = .50; 
see Pokropek, Marks, & Borgonovi, 2022) as well as 
for the intelligence subtests word and figure analo
gies from the Cognitive Ability Test (Heller & Perleth, 
2000) and the PISA 2000 mathematics and reading 
literacy subscales (e.g., .48 ≤ λ ≤ .75; see Brunner, 
2008). 

4. A similar pattern of correlations has been identified 
for the general factor (g) and intelligence with various 
student characteristics (e.g., reading enjoyment, 
number of books at home; see Brunner, 2006, 2008; 
Pokropek, Marks, & Borgonovi, 2022). However, the 
research conducted by Pokropek, Marks, and Bor
gonovi (2022) concerning gender and weekly learning 
time in the humanities subject area exhibited incon
sistencies. 

1. Are there similarities in terms of task content and 
cognitive demands among the reading literacy sub
scales and the mathematics and science competence 
total scales? 

2. How strong are the latent correlations among these 
competences and subscales? 

3. To what extent can these latent correlations be attrib
uted to a general factor (PISA-g) or to a factor specific 
to reading? 

4. What do a general factor and a reading-specific factor 
represent? 

Reading-specific factor
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ence competence, are computed. The model fit of each will 
be compared to determine the most appropriate factor 
model for subsequent analyses. In order to develop or refine 
a conceptualization of PISA-g and a reading-specific factor, 
their correlational relationships with student characteris
tics relevant to intelligence or specific to reading are ex
amined. Consequently, an examination is conducted to as
certain the reading specificity of the student characteristics 
associated with reading. 

3. Item demands and examples of their        
similarities across different domains in PISA       

2009  

3.1. Exemplary (item) requirements and      
similarities among reading literacy subscales      

“Accessing and retrieving involves going to the informa
tion space provided and navigating in that space to locate 
and retrieve one or more distinct pieces of information” 
(OECD, 2010b, p. 35). For the items related to access and 
retrieval, the information provided must be recognized in 
the question. This information is matched, either literally 
or synonymously, with the other information provided, for 
example, in a text, table, chart, graph, timetable, or a com
bination thereof (OECD, 2010b). In addition, the informa
tion must be compared with information already available 
in memory. When searching for synonymous content, men
tal categorization processes may be employed to identify 
the information being requested (OECD, 2010d). For exam
ple, in Question 3 regarding Balloon, students were asked 
the following: “Vijaypat Singhania used technologies found 
in two other types of transport. Which types of transport?” 
(OECD, 2010d, p. 99). However, the term “transport” was 
not explicitly present in the corresponding figure, but 
rather the statements “Aluminium construction, like air
planes” (OECD, 2010d, p. 99) and “Vijaypat Singhania wore 
a space suit during the trip” (OECD, 2010d, p. 99). There
fore, students had to recognize that these two statements 
implicitly referred to two types of transportation (OECD, 
2010d). The information sought may not be explicitly in
cluded in the text; rather, it must be inferred (Artelt et al., 
2001). The extent of necessary inferences depends on the 
explicitness of the (semantic) correspondence between the 
given pieces of information in the question and those pro
vided in the text (Adams & Wu, 2003). Accessing and re
trieving primarily requires understanding at the sentence 
level (OECD, 2019). However, depending on the difficulty of 
the Access and Retrieve items, understanding larger parts of 
the text may be necessary (Artelt et al., 2001). According to 
Schnotz and Dutke (2004), coherence formation is a men
tal process that enables the comprehension of consecutive 
sentences. For specific Access and Retrieve items (e.g., 
Questions 2 and 3 on Brushing Your Teeth in Table B1 
in Appendix B; OECD, 2010d, p. 92), local coherence for
mation may therefore be necessary (Baumert et al., 2009; 
Schnotz & Dutke, 2004). Generating semantic connections 
between sentences or larger text parts involves drawing 
conclusions (reasoning) and using knowledge of various 
kinds (Baumert et al., 2009). The same applies to Access and 

Retrieve items that require the comprehension of depictive 
representations (Schnotz, 2014; Schnotz & Dutke, 2004), 
such as diagrams and graphs (OECD, 2010b, 2012). More 
difficult access and retrieval tasks may require the use of 
“knowledge of text structures and features” (OECD, 2010d, 
p. 59). 
“Integrating and interpreting involves processing what is 

read to make internal sense of a text. … Integrating focuses 
on demonstrating an understanding of the coherence of the 
text. It can range from recognising local coherence between 
a couple of adjacent sentences, to understanding the rela
tionship between several paragraphs, to recognising con
nections across multiple texts” (OECD, 2010b, p. 36). These 
relationships include “problem-solution, cause-effect, cat
egory-example, equivalency, compare-contrast, and under
standing whole-part relationships” (OECD, 2010d, p. 61). 
For example, comparing means finding similarities between 
information, while contrasting focuses on identifying the 
differences between them (OECD, 1999b). Interpreting 
refers to “the process of making meaning from something 
that is not stated” (OECD, 2010d, p. 61). For example, it 
involves recognizing a not explicitly mentioned relation
ship or deducing (inferring) “the connotation of a phrase 
or a sentence” (OECD, 2010d, p. 61). Items in the Integrate 
and Interpret subscale may require a range of cognitive 
processes, including: identifying similarities or differences 
by comparing or contrasting information; drawing conclu
sions or making inferences; and understanding texts, dia
grams, tables, graphs, or their components (Baumert et al., 
2009; OECD, 2010b, 2010d; Schnotz & Dutke, 2004). They 
may also involve abstract thinking, such as engaging with 
abstract texts (OECD, 2010b) or generating abstract cate
gories for interpretation (see proficiency level 6 of Integrate 
and Interpret, OECD, 2010d, p. 63) as well as generalizing 
subtle nuances in language (OECD, 2010b). 
“Reflecting and evaluating involves drawing upon knowl

edge, ideas or attitudes beyond the text in order to relate 
the information provided within the text to one’s own con
ceptual and experiential frames of reference” (OECD, 
2010b, p. 37). Reflecting focuses on drawing upon one’s 
own experiences or knowledge in order to make compar
isons, contrasts, or hypotheses (OECD, 2010b). Evaluating 
is the formation of a judgment based on formal or sub
stantive knowledge of the world or on personal experience 
(OECD, 2010d). The more extensive and in-depth the as
sumed understanding of a text must be for reflection and 
evaluation, the more cognitively demanding the task be
comes (Adams & Wu, 2003). As the Reflect and Evaluate 
items can also refer to diagrams, graphs, tables, and other 
representations (OECD, 2010b, 2012), understanding them 
may be necessary to solve the corresponding items. This 
involves the coherence formation process associated with 
reasoning such as drawing inferences and conclusions, and 
applying different types of knowledge (Baumert et al., 2009; 
Schnotz & Dutke, 2004). In order to reflect on and evaluate 
the form of a text, it is relevant to have “knowledge of text 
structure, the style typical of different kinds of texts and 
register” (OECD, 2010d, p. 67). 
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According to the PISA 2009 Assessment Framework, the 
reading competence subscales are considered to be interde
pendent: Retrieval serves as a prerequisite for the interpre
tation and integration of information, and interpretation, 
in turn, is required for subsequent reflection and evaluation 
(OECD, 2010b). This implies that a reading item may also 
necessitate characteristics of another subscale (see Table 
B1). Thus, it measures this subscale to a certain extent as 
well. For example, in Question 3 of The Play’s The Thing 
(see Table B1), students were asked, “What were the char
acters in the play doing just before the curtain went up?” 
(OECD, 2010d, p. 108). In order to answer this question, it 
is first necessary to locate the relevant passage of text. Sub
sequently, integration and interpretation can be applied to 
arrive at the correct response (OECD, 2010d). 
Certain Access and Retrieve items may also require ele

ments of Integration and Interpretation, particularly when 
establishing semantic coherence between two adjacent sen
tences is necessary to identify the relevant information (see 
Table B1: Questions 2 and 3 regarding Brushing Your Teeth; 
OECD, 2010d, p. 92). Furthermore, specific Reflect and Eval
uate items may be solved by accessing and retrieving infor
mation or by integrating and interpreting it. For example, 
in Question 4 concerning Brushing Your Teeth (see Table 
B1), the following was asked: “Why is a pen mentioned in 
the text?” (OECD, 2010d, p. 92). The answer to this ques
tion could be found by accessing and retrieving the relevant 
information in the given text (OECD, 2010d). In Question 
4 regarding Balloon, it was asked “What is the purpose of 
including a drawing of a jumbo jet in this text?” (OECD, 
2010d, p. 100). The jumbo jet was utilized as a reference 
point for the determination of the achieved height of the 
balloon (OECD, 2010d). To identify the intended purpose, it 
was also possible to integrate and interpret the non-contin
uous text information by means of an altitude comparison 
between the jumbo jet and the balloon. 
Comparisons and abstract thinking may be required by 

Integrate and Interpret items as well as by Reflect and Eval
uate items. Abstract thinking, in terms of categorizing in
formation, and comparisons also play a role in the Access 
and Retrieve items when the given task information must 
be compared semantically with the information provided in 
the text (e.g., Question 3 regarding Balloon). Furthermore, 
the ability to draw conclusions and inferences (reasoning), 
as well as the comprehension—to various degrees—of the 
text, its parts, and other representations (e.g., diagrams, 
graphs, and tables), are necessary for reading items from 
different reading competence subscales. In summary, the 
description of the reading literacy subscales, their concep
tual interdependence, and sample reading items (e.g., 
OECD, 2010d, pp. 91–111) imply partly similar demands 
(e.g., reasoning, abstract thinking, comparing, and under
standing) across reading items from different reading lit
eracy subscales. This may favor correlations between these 
subscales in PISA 2009. 

3.2. Mathematics and science literacy      
requirements and exemplary commonalities with      
reading literacy subscales    

In PISA 2009, the mathematical competence (mathemati
cal literacy) was defined as “the capacity of an individual to 
formulate, employ and interpret mathematics in a variety 
of contexts. It includes reasoning mathematically and us
ing mathematical concepts, procedures, facts and tools to 
describe, explain and predict phenomena” (OECD, 2010d, 
p. 23). By successfully participating in the mathematization 
process of a problem, students must retrieve and/or apply 
knowledge from different mathematical content areas (i.e., 
Space and Shape, Change and Relationship, Quantity, and 
Uncertainty). In addition, the following eight postulated 
mathematical abilities are employed: mathematical thinking 
and reasoning; argumentation; communication; modeling; 
problem posing and solving; representation; the use of 
symbolic, formal, and technical language and operations; 
and the use of aids and tools (see Table B2 in Appendix 
B). The PISA mathematics tasks were designed to engage 
one or more of those mathematical abilities (OECD, 2004). 
However, they were not assessed separately as subscales but 
were instead regarded collectively as constituting the PISA 
mathematical competence (OECD, 2010b). The PISA 2009 
mathematics items require, for instance, working with and 
understanding different representations of mathematical 
situations and objects (e.g., text, diagrams, graphs, charts, 
tables, and algebraic representations; OECD, 2010a); prob
lem solving (OECD, 2010b); drawing conclusions and in
ferences (i.e., reasoning; Baumert et al., 2009; see also 
Jakubowski, 2013); insight and generalization (OECD, 
2010b), spatial reasoning (e.g., Jakubowski, 2013; see Space 
and Shape in OECD, 2010b); planning and implementing 
solution strategies (see the Reflection cluster in OECD, 
2010b); and recalling and applying knowledge from differ
ent mathematical content areas (OECD, 2010b). 
In PISA 2009, the science competence (scientific literacy) 

referred to "the extent to which an individual possesses 
scientific knowledge and uses that knowledge to identify 
questions, acquire new knowledge, explain scientific phe
nomena and draw evidence-based conclusions about sci
ence-related issues; … " (OECD, 2010d, p. 23). The PISA 
2009 science items were taken from the PISA 2006 science 
literacy subscales Identifying Scientific Issues, Explaining Sci
entific Phenomena, and Using Scientific Evidence (OECD, 
2009a, 2012). A depiction of the key characteristics of these 
subscales can be found in Table B3 in Appendix B. The 
PISA 2009 science items may necessitate, for example, re
calling and applying knowledge about science (i.e., scien
tific inquiry and explanations) and of science (i.e., physical, 
living, technological, and earth/space systems); inductive 
reasoning (i.e., “reasoning from detailed facts to general 
principles”, OECD, 2010b, p. 137) and deductive reasoning 
(i.e., “reasoning from the general to the particular”, OECD, 
2010b, p. 137); integrated and critical thinking; transform
ing representations (e.g., “data to table, tables to graphs”, 
OECD, 2010b, p. 137); generating and communicating data-
based explanations and arguments; applying mathematical 
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skills, knowledge, and processes; generalization and gain
ing insight to form conclusions, judgments, and explana
tions; abstract thinking (e.g., for working with abstract con
cepts, models, and ideas; OECD, 2010b, 2010d); and 
comprehending texts, graphs, diagrams, tables, pho
tographs, or combinations thereof (OECD, 2010b; Schnotz 
& Dutke, 2004). 
A comparison of item requirements across domains has 

yielded the following exemplary similarities: 
Reading-related reflecting and evaluating may play a 

role in certain mathematical and science items if, for in
stance, evaluating evidence (e.g., data) or conclusions, or 
drawing primarily on prior knowledge for giving explana
tions and arguments is required (see levels 4–6 of Using 
Scientific Evidence, and levels 1–6 of Explaining Phenomena 
Scientifically, OECD, 2009a; see mathematical abilities of 
argumentation and modeling; OECD, 2010a; see profi
ciency level 5 of Quantity, levels 4–6 of Space and Shape, 
levels 5–6 of Relationships and Change, and level 5 of Uncer
tainty; OECD, 2005). 
The reading-related accessing and retrieving, as well as 

integrating and interpreting, may be relevant for specific 
mathematical and science items. These two can be applied 
to these items for identifying solution-related information 
that is included explicitly or implicitly in the given infor
mation material. For example, certain mathematics and sci
ence items involve locating and retrieving (i.e., extracting) 
relevant information from various representations, such as 
texts, graphs, tables, or diagrams (see level 2 of Change and 
Relationships, levels 2–3 and 5 of Quantity, and level 5 of 
Uncertainty; OECD, 2005; see levels 1 and 3–4 of Using Sci
entific Evidence; OECD, 2009a). With regard to the integra
tion and interpretation of information, specific mathemati
cal items necessitate the comprehension and interpretation 
of text for the formulation of a mathematical model (see 
proficiency level 4 of Quantity in OECD, 2005); for the so
lution of a geometrical problem (see level 4 of Space and 
Shape; OECD, 2005); or for the calculation of probabili
ties (see levels 4–5 of Uncertainty; OECD, 2005). Further
more, for specific mathematics items, it is also necessary 
to understand or interpret diagrams, tables, graphs, and 
other representations (see levels 1–3 and 5 of Quantity, lev
els 3–4 of Change and Relationships, and levels 3 and 5 of 
Uncertainty; OECD, 2005; see also Jakubowski, 2013; see 
mathematical abilities representation and communication 
in OECD, 2010a). 
Certain science items may also require reading-related 

integration and interpretation to identify relationships 
(e.g., cause–effect relationships) and for recognizing the 
manipulated variable or the change (see levels 1 and 3 
of Explaining Phenomena Scientifically, and levels 1–5 of 
Identifying Scientific Issues in OECD, 2009a). Moreover, un
derstanding and interpreting diagrams, tables, or graphs 
is necessary for specific science items. These items, for 
instance, demand data-based explanations or arguments, 
comparing bar heights in a diagram or columns of a table, 
or identifying trends (i.e., patterns) in data sets (see levels 
1–5 of Explaining Scientific Phenomena; OECD, 2009a). For 
this purpose, comparing numbers, understanding them, 

recognizing numerical patterns from the mathematical 
content area Quantity (OECD, 2010b) may be necessary. 
Thus, a certain degree of mathematical competence is es
sential for such science items. This requirement similarly 
applies to specific reading items that involve interpreting 
numbers in diagrams, tables, or graphs. 
In summary, the reading, mathematics, and science 

items refer to different representations of information, 
such as texts, diagrams, graphs, and tables, in partly similar 
ways. In this regard, the mathematics and science items 
presuppose a certain degree of reading literacy, as it en
compasses understanding, reflecting on, engaging with, 
and using such representations (OECD, 2010b). The PISA 
2009 reading, mathematics, and science items may impose 
some similar demands, such as reasoning (e.g., drawing 
conclusions and inferences); identifying similarities and 
differences between information by comparing or contrast
ing; working with and understanding different represen
tations (e.g., text, diagrams, tables, and graphs); and ab
stract thinking. Insight and generalization are also required 
for certain mathematics and science items. Consequently, 
these overlapping requirements may contribute to higher 
correlations between the reading literacy subscales, mathe
matical literacy, and science literacy. 

4. Derivation of a general factor and a reading-        
specific factor, and their relationships with       

student characteristics   

4.1. Intelligence-related item demands and the       
derivation of the factors     

The PISA item demands, as delineated in Sections 3.1 
and 3.2, can be compared with the definitions of intelli
gence to identify differences and similarities. Gottfredson 
(1997a, 1997b) described the construct of intelligence as 
follows: 
“Intelligence is a very general mental capability that … 

involves the ability to reason, plan, solve problems, think 
abstractly, comprehend complex ideas, learn quickly and 
learn from experience. It is not merely book learning, a nar
row academic skill, or test-taking smarts. Rather, it reflects 
a broader and deeper capability for comprehending our sur
roundings—‘catching on,’ ‘making sense’ of things, or ‘fig
uring out’ what to do” (Gottfredson, 1997a, p. 13). “These 
sorts of mental processes—contrasting, abstracting, infer
ring, finding salient similarities and differences—are the 
building blocks of intelligence as manifested in reasoning, 
problem solving, and grasping new concepts with facility” 
(Gottfredson, 1997b, p. 96). 
Rindermann (2018, p. 43) provided a comprehensive def

inition of intelligence, offering detailed descriptions of core 
components (i.e., problem solving, reasoning, abstract 
thinking, and understanding) mentioned by Gottfredson 
(1997a, 1997b) as well as additional characteristics such 
as “…the ability to change cognitive perspectives, to make 
plans and use foresight” (see Appendix A1). However, the 
definition of intelligence is not uniform in the literature 
(Gottfredson, 1997b). Consequently, depending on the defi
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nition adopted, the overlap between the cognitive demands 
of PISA items and intelligence may vary. 
With regard to the aforementioned definitions of intel

ligence, the PISA 2009 items exhibit intelligence-related 
requirements such as reasoning (e.g., drawing conclusions 
and inferences), identifying similarities and differences by 
comparing or contrasting, abstract thinking, understand
ing, problem-solving, and the planning of solution strate
gies (see Sections 3.1–3.2). This conclusion is further sup
ported by the findings of Pokropek, Marks, and Borgonovi 
(2022). In their study, the PISA competences of Polish stu
dents were assessed using PISA 2009 items, alongside intel
ligence as measured by Raven’s Standard Progressive Matri
ces (Jaworowska et al., 2000). In this intelligence test, visual 
elements (i.e., abstract figures) are presented in a matrix 
arrangement, with one field left blank. Students must iden
tify the underlying construction principle of the matrix and 
select the appropriate element to fill the empty field from 
several given options. Raven’s intelligence test items re
quire non-verbal reasoning, inductive or analogical spatial 
thinking, visual comparisons, and abstraction or identifica
tion of rules based on similarities and differences between 
the graphical elements (Heller et al., 1998; H. W. Krohne 
& Hock, 2015; Pokropek, Marks, & Borgonovi, 2022). Sub
stantial standardized factor loadings (e.g., λ > .50; Urban 
& Mayerl, 2014) of the PISA 2009 reading, science, and 
mathematics items, as well as of the Raven’s items, were 
demonstrated on a general factor (.08 ≤ λ ≤ .81, mean λ = 
.50; Pokropek, Marks, & Borgonovi, 2022). Thus, the cor
relations among these items can be partially attributed to 
a general cognitive factor (i.e., PISA-g). The cognitive 
processes relevant to intelligence (e.g., abstraction, reason
ing, comprehension) involve the information contained in 
the PISA items and the application of the students’ avail
able knowledge (Rindermann, 2018; see Sections 3.1–3.2). 
Therefore, the general cognitive factor encompasses intel
ligence and the intelligent use of given information and 
available knowledge (Rindermann, 2018). 
In accordance with previous research (see Section 1), it 

is assumed that, for each country or federal state partic
ipating in PISA 2009, the latent correlations between the 
reading literacy subscales can be additionally attributed to 
a reading-specific factor (RspecF) within a nested-factor 
model. This factor should be associated with reading-spe
cific student characteristics. In the subsequent section, the 
expected associations of PISA-g and RspecF with intelli
gence-related and reading-related student variables are de
scribed. 

4.2. The relationships between factors and       
student characteristics related to intelligence and       
reading  

Parents’ education may reflect their intelligence to a cer
tain extent (Steinmayr et al., 2010), which they pass on 
to their children through genes (Haworth et al., 2008). In 
addition to genetic influences, environmental influences 
and the interaction of both, also play a role in favoring a 
correlation between parental education and children’s in
telligence (Steinmayr et al., 2010). For example, educated 

parents may create a cognitively stimulating learning en
vironment for their children through their educational and 
cultural practices that can support children’s intelligence 
development (Rindermann, 2018). Past studies have shown 
significant, positive correlative relationships between par
ents’ educational level and their children’s intelligence 
(e.g., r = .36, p < .001, Rindermann & Ceci, 2018; r = .31, p 
< .05, Schaffner et al., 2004; r = .42 (mother) and r = .45 (fa
ther), p < .001, Ganzach, 2014; see also Lemos et al., 2011). 
A higher number of books at home indicates more frequent 
reading by children and/or their parents (Rindermann & 
Ceci, 2018). Continuous reading of books may promote in
telligence (Schaffner, 2009), and in turn, higher intelligence 
can also facilitate reading (Peng et al., 2019; Peng & Kievit, 
2020). In previous studies, significant positive associations 
were found between the number of books and the intelli
gence of children or adolescents (e.g., r = .40, p < .01, Brun
ner, 2008; r = .32, p < .05, Schaffner et al., 2004; r = .25, p 
< .001, Rindermann & Ceci, 2018). If the general PISA fac
tor (PISA-g) represents an intelligence-like construct, then, 
like intelligence itself, it should also show a significant pos
itive correlational relationship with father’s or mother’s ed
ucation and the number of books at home. Since these 
student characteristics are associated with reading-related 
activities and attitudes (e.g., McElvany et al., 2009), signif
icant positive correlations between them and the reading-
specific factor are expected. 
School attendance supports students’ intelligence devel

opment (e.g., Ceci, 1991; Ritchie & Tucker-Drob, 2018) and 
knowledge acquisition (Rindermann, 2011). However, stu
dents’ educational progress—and consequently, their de
velopment of intelligence and knowledge—may be delayed 
by factors such as class repetition (e.g., Ehmke et al., 2008; 
Jimerson et al., 1997; J. A. Krohne et al., 2004), delayed 
school enrollment, and absenteeism from class (e.g., Ceci, 
1991). As a result, students may be at different grade levels, 
have received varying amounts of cumulative school sup
port, and differ in their level of intelligence. Moreover, de
layed enrollment and grade repetition are consequences of 
lower intelligence and weaker student performance. Stu
dents who repeat grades tend to be low achievers and gen
erally demonstrate lower intelligence than non-repeaters 
(e.g.,  = –0.32 to –0.36, based 
on German PISA data; see Ehmke et al., 2008, 2010). Ac
cordingly, PISA-g—representing an intelligence-like abil
ity—is expected to correlate negatively with delayed 
schooling. Furthermore, delayed schooling may also be as
sociated with a lagged acquisition of reading-related skills, 
knowledge, and attitudes within the school context. Con
sequently, a negative correlation with the reading-specific 
factor is anticipated. 
Reading enjoyment may foster more frequent and exten

sive reading, which in turn enhances text comprehension 
(Artelt et al., 2010; Möller & Schiefele, 2004) and, thereby, 
contributes to higher intelligence (Schaffner, 2009). At the 
same time, higher intelligence may also facilitate text com
prehension and promote reading enjoyment through the 
perception of one’s own competence (Artelt et al., 2010). 
Previous studies have identified a significant and positive 
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correlation between reading enjoyment and students’ in
telligence (e.g., r = .29, p < .01, Brunner, 2008; r = .16, p 
≤ .001, Pokropek, Marks, & Borgonovi, 2022). Reading en
joyment may also be associated with reading-specific abil
ities and knowledge (Artelt et al., 2010; Pokropek, Marks, 
& Borgonovi, 2022). In this context, a significant and pos
itive correlation was observed between the students’ read
ing enjoyment and the reading-specific factor (e.g., r = .20, 
p < .01, Brunner, 2008; r = .13, p <.01, Pokropek, Marks, & 
Borgonovi, 2022). A positive correlation between the fac
tors (PISA-g and RspecF) and the enjoyment of reading is 
expected. 
“Memorisation strategies refer to the memorisation of 

texts and contents in all their details and repeated reading. 
… Elaboration strategies refer to the transfer of new infor
mation to prior knowledge, out-of-school context and per
sonal experiences. … Control strategies mean to formulate 
control questions about the purpose of a task or a text and 
its main concepts. It also means to self-supervise current 
study activities, particularly whether the reading mater
ial was understood” (OECD, 2010c, p. 48). Elaboration and 
control strategies are generally classified as deep learning 
strategies, whereas memorization is typically regarded as a 
surface-level approach to learning. The correlation between 
the use of these reading-related learning strategies (OECD, 
2010c) and both PISA-g and RspecF will be examined. 
It is not possible to draw conclusions about the appro

priateness of the chosen learning strategy or the quality of 
its execution based on reports of its use (Artelt et al., 2010). 
This limitation was one of the reasons why PISA 2009 as
sessed students’ knowledge about appropriate strategies for 
understanding and learning from texts (Artelt et al., 2010). 
For this purpose, students’ awareness (i.e., the correct as
sessment of the usefulness) of effective strategies for un
derstanding and remembering text information, as well as 
for summarizing it, were taken into account (Artelt et al., 
2010; OECD, 2010c). The correlations between these stu
dent characteristics and the factors PISA-g and RspecF will 
be examined. 
In summary, PISA-g and RspecF are expected to exhibit 

significant positive correlations with maternal and paternal 
education, the number of books at home, and enjoyment 
of reading. Moreover, significant negative correlations with 
delayed schooling are anticipated. In addition, significant 
correlations are predicted between the factors and the use 
of memorization, elaboration, and control strategies, as 
well as with students’ correct assessment of the usefulness 
of effective strategies for understanding and remembering 
text information and for summarizing it. The five afore
mentioned variables, in conjunction with the number of 
books at home and the enjoyment of reading, all of which 
deal with text, are considered reading-specific student 
characteristics. Consequently, they are expected to show 
significantly stronger correlations with RspecF than with 
PISA-g. 

5. Method   

5.1. Sample, test design and the competence        
modeling procedure   

PISA’s target population comprises students who are ap
proximately 15 years old at the time of the assessment 
and attend at least seventh grade or higher (OECD, 2012). 
For 73 of the 74 countries and federal states participating 
in PISA 2009, an approximately representative sample of 
schools, followed by students within those schools, was 
randomly selected from the target population. Russia em
ployed a three-stage sampling design, with geographical ar
eas, schools, and students constituting the first, second, 
and third stages, respectively (OECD, 2012). The final stu
dent sample sizes across countries and federal states 
ranged from 329 (Liechtenstein) to 38,250 (Mexico) (OECD, 
2012). In Costa Rica, Georgia, Himachal Pradesh and Tamil 
Nadu (two Indian states), Malaysia, Malta, Mauritius, Mi
randa (a Venezuelan state), Moldova, and the United Arab 
Emirates, the PISA study was conducted in 2010 (Walker, 
2011). 
In PISA 2009, students were randomly assigned to one 

of 13 test booklets. All students completed a portion of the 
reading items. Depending on the test booklet, a subset of 
the mathematics and/or science items, or only the reading 
items, was also administered. As reading literacy was the 
major domain in PISA 2009, it was assessed with a suffi
cient number of items to allow for the estimation of not 
only an overall reading score but also of subscale scores 
(OECD, 2010b, 2012). The reading literacy subscales, as well 
as the overall mathematics and science scores, were es
timated using a multi-step modeling procedure that took 
into account various factors, such as item difficulty, stu
dents’ item responses, and background information (OECD, 
2012). For each student, a set of plausible values was gen
erated for reading sub-competences, mathematical literacy, 
and scientific literacy. PISA uses plausible values because 
they yield more reliable estimates of population parameters 
than single test scores. To ensure unbiased estimation, it 
is necessary to utilize all five plausible values and the final 
student weight in the analyses. Plausible values (PVs) can 
be regarded as multiple imputations. Consequently, a sta
tistical parameter (e.g., a mean value) must be calculated 
for each of the five PVs. These five parameter estimates are 
then averaged to provide an accurate estimate for the sub
population or population (OECD, 2012). Furthermore, the 
incorporation of the 80 replication weights is imperative for 
obtaining precise standard error estimates (OECD, 2009b). 

5.2. Measures, handling missing data, and       
statistical comparison of correlations     

For each country and federal state, five plausible values 
were available for each reading competence subscale as well 
as for the total scales of mathematical competence and sci
ence competence per student (OECD, 2012). Parental edu
cation was measured by the number of years of schooling 
completed, which was estimated based on the highest re
ported level of the International Standard Classification of 
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Education (ISCED; OECD, 1999a) for each parent (OECD, 
2012): “[He/she] did not complete ISCED level 1” (OECD, 
2012, p. 359) = 3 years; ISCED 1 (primary education) = 4 
years; ISCED 2 (lower secondary) = 10 years; ISCED 3A/
B/C (upper secondary/vocational or pre-vocational upper 
secondary) or ISCED 4 (non-tertiary post-secondary) = 13 
years; ISCED 5B (vocational tertiary) = 15 years; and ISCED 
5A/6 (theoretically oriented tertiary/post-graduate) = 18 
years. To assess the number of books at home, respondents 
were given several response options (OECD, 2010b). The 
numerical values assigned to the categories are as follows: 
1 = 0–10 books, 2 = 11–25 books, 3 = 26–100 books, 4 = 
101–200 books, 5 = 201–500 books, and 6 = more than 500 
books. Students’ delayed schooling was operationalized as 
the difference, in years, between their age and grade level. 
This difference may increase as a result of later enrollment 
and grade repetitions. 
The assessment of reading enjoyment was conducted us

ing a set of 11 items, the detailed descriptions of which can 
be found in Appendix A2. The students provided responses 
to these items using a four-point rating scale (1 = strongly 
disagree, 2 = disagree, 3 = agree, and 4 = strongly agree). 
Students’ responses to the negatively phrased items were 
reverse coded. Subsequently, item response theory (IRT) 
modeling was employed to facilitate item scaling. Conse
quently, weighted likelihood estimation (WLE; Warm, 1989) 
scores were obtained, representing students’ scores on the 
index of reading enjoyment. These WLE scores were stan
dardized using the OECD mean and the corresponding 
standard deviation. Higher positive standardized scores are 
indicative of higher levels of reading enjoyment relative to 
the OECD mean (OECD, 2012). 
The scale for the use of control strategies was generated 

based on five items. With respect to the scales concerning 
the utilization of elaboration strategies and memorization 
strategies, a total of four items were employed for each scale 
(OECD, 2012). Item descriptions can be found in Appendix 
A2. A four-point rating scale (1 = almost never, 2 = some
times, 3 = often, and 4 = almost always) was provided for 
responses to all the items specific to the strategies men
tioned above. The WLE scores of the students were ob
tained for each scale related to the aforementioned strate
gies and subsequently standardized using the respective 
OECD mean and standard deviation. Consequently, higher 
positive standardized scores on these scales indicate a more 
frequent use of control, elaboration, and memorization 
strategies compared to the corresponding OECD mean 
(OECD, 2012). 
The scale for assessing the usefulness of effective strategies 

for understanding and remembering text information, as well 
as for writing a text summary, was developed based on stu
dents’ judgments of the usefulness of the given strategies 
(OECD, 2010c). For assessing the usefulness of these strate
gies, a six-point rating scale was employed, ranging from 1 
(not useful at all) to 6 (very useful). Students’ responses were 
expected to align with the rank order defined by reading 
experts. The students’ final scores were standardized us
ing the OECD mean and the corresponding standard devi
ation (OECD, 2012). Therefore, standardized scores greater 

than zero indicate a more accurate assessment of the use
fulness of effective strategies for understanding and re
membering text information (or for writing a text summary) 
by students compared to the OECD mean. Additional de
tails about the specific strategies and the two correspond
ing scales are provided in Appendix A2. 
Missing values were identified for the 74 countries and 

federal states, weighted in percent, for the following vari
ables: delayed schooling (range: 0.00% to 4.00%); the num
ber of books at home (0.08% to 12.11%); enjoyment of read
ing (0.44% to 9.34%); the use of memorization strategies 
(0.07% to 10.63%), control strategies (0.11% to 10.73%), 
and elaboration strategies (0.11% to 11.79%); the assess
ment of the usefulness of effective strategies for under
standing and remembering text information (0.70% to 
23.97%) and for writing a text summary (0.70% to 25.79%); 
and maternal education (0.23% to 18.35%) and paternal 
education (0.38% to 21.90%). No missing values were ob
served for the reading literacy subscales, mathematical lit
eracy, and science literacy. 
The factor models and correlations were estimated using 

the maximum likelihood estimation method. To address 
the issue of missing values on student characteristics, the 
full information maximum likelihood (FIML) estimation 
method was employed to calculate the correlations between 
factors or competences and these student characteristics. 
The computations were conducted using Mplus (Version 
7.4; Muthén & Muthén, 2015), which also takes into ac
count PISA’s requirements for unbiased analyses (i.e., the 
final student weight, replicate weights, and all plausible 
values; OECD, 2009b). 
The statistical comparison of correlations was performed 

by utilizing the web front-end of Comparing Correlations 
(cocor; Diedenhofen & Musch, 2015), which can be ac
cessed via http://comparingcorrelations.org. The test sta
tistic for comparing correlations was calculated according 
to the method proposed by Meng et al. (1992). When the 
negative direction of a correlation is taken into account, a 
statistical comparison may, for example, result in a weaker 
negative or a positive correlation coefficient being tested 
as significantly stronger than a stronger negative correla
tion coefficient. However, it is important to note that the 
strength of a correlation is exclusively determined by the 
magnitude of the correlation coefficient, irrespective of its 
direction. Therefore, the absolute values of the correlation 
coefficients were employed in the statistical comparison of 
correlations with negative or opposite signs. 

6. Results   

6.1. The correlations between competences and/     
or subscales, and evaluating factor models       

In 74 countries and federal states, moderate to very 
strong, positive, and significant latent correlations were 
shown between the reading competence subscales and the 
total scales of mathematical and science competence (.39 
≤ r ≤ .96, each p < .001, two-tailed test; see Table 1 for 
overall results and Table B4 in Appendix B for country- 
and state-specific results). According to Cohen (1988), |r| 
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Table 1. The latent correlations between the reading literacy subscales and the total scales of mathematical and                
scientific literacy   

Statistic 
Math 
with 

Science 

Math with reading 
subscales 

Science with 
reading subscales 

Intercorrelations between 
reading subscales 

AcRe InIn ReEv AcRe InIn ReEv AcRe*InIn AcRe*ReEv InIn*ReEv 

Overall 
meana .86 .74 .76 .73 .77 .80 .77 .91 .87 .92 

Median .86 .74 .77 .73 .78 .80 .78 .92 .89 .92 

Min. .48 .39 .43 .39 .61 .63 .59 .81 .71 .81 

Max. .92 .81 .83 .81 .86 .87 .85 .96 .95 .96 

Note. N = 74 countries and federal states. The latent correlations between the variables were estimated for each country and federal state using the five weighted plausible values of 
the students. The computations were conducted within the framework of a structural equation model, employing the maximum likelihood estimation method. For each country and 
federal state, the root mean square error of approximation (RMSEA) and the standardized root mean square residual (SRMR) were both found to be zero. Three reading literacy sub
scales (Access and Retrieve; Integrate and Interpret; Reflect and Evaluate) and the overall scales for mathematics and science were utilized for computing correlations between them. 
All correlations were found to be significant (p < .001, two-tailed test). 
a The mean correlations between the reading subscales and mathematics or science, as well as between the last two, were computed as follows: The correlation coefficients were 
transformed into z-values using Fisher’s r-to-z transformation and weighted by the final student weights of the countries and federal states. Subsequently, the overall weighted 
z-means were transformed back to r. 

≈ .10, .30, and .50 are regarded as the bottom thresholds 
of small, moderate, and large correlations, respectively. In 
these countries and federal states, nearly all latent corre
lations were of a relevant size, indicating favorable condi
tions for extracting factors in the nested-factor model and 
the one-factor model (i.e., r > .50; Kline, 2012). However, in 
Azerbaijan, the latent correlations between the total scales 
of mathematics and science, and between the reading sub
scales and mathematics, ranged from .39 to .48. These val
ues are below .50, suggesting inadequate conditions for fac
tor extraction. 
Exploratory analyses revealed that the correlations be

tween the reading competence subscales and the total 
scales of mathematical and science competence exhibited 
a tendency to be stronger in countries and federal states 
with higher gross domestic product per capita (GDPpc) and 
weaker in those with lower GDPpc. The relationships be
tween these Fisher’s z-transformed correlations and the 
GDPpc were found to vary in strength, ranging from a weak 
correlation (  = .17, p > .05, two-
tailed test) to a strong correlation 
(  = .48, p < .05; see Table B5 
in Appendix B). All correlations were stronger when using 
the natural logarithm of GDP per capita compared with 
GDPpc (e.g.,  = .17 vs. 

 = .33; overall mean correlation: 
GDPpc = .31 vs. ln(GDPpc) = .51). The relationship between 
GDPpc and the strength of correlations between the reading 
subscales, the mathematical competence, and/or the sci
ence competence is better described by a non-linear model 
than a linear model. In comparison with linear regression, 
the quadratic, cubic, and logarithmic regressions yielded 
higher explained variance when Fisher’s z-transformed cor
relations were regressed on GDPpc. However, when the nat
ural logarithm of GDPpc was employed, the linear model 
was also appropriate, as it accounted for a proportion of 
variance similar to that of the non-linear models (see R² 
values in Table B5 in Appendix B). 
In each of the 74 countries and federal states, the single-

factor model (see Figure C1 in Appendix C) exhibited a poor 

fit to the data, as evidenced by the root mean square er
ror of approximation (RMSEA), which varied between .10 
and .34 (see Table 2 and Table B6). This range exceeded 
the .05 threshold, indicating a poor fit between the model 
and the observed data (e.g., Urban & Mayerl, 2014). Fur
thermore, the lower and upper bounds of the 90% confi
dence intervals for the RMSEA (90% CIRMSEA) went beyond 
the lower limit cutoff (  = .05) and upper limit cut
off (  = .08) proposed by Urban and Mayerl (2014). 
The fit measures of the one-factor models improved when 
a correlation between the residuals of mathematical com
petence and science competence was additionally specified 
(see Table 2 and Figure C1). Consequently, the RMSEA val
ues ranged from .00 to .11 for these factor models in the 74 
countries and federal states under consideration (see RM
SEA for 1F adj. in Table 2 and Table B6). The standardized 
root mean square residuals (SRMR) varied from .001 to .017, 
in comparison to the range of .03 to .06 observed for the 
one-factor model without residual correlation. Lower SRMR 
(or RMSEA) values are indicative of a superior model fit, 
with zero representing a perfect fit (Urban & Mayerl, 2014). 
The nested-factor models (i.e., the bi-factor model; see 

Figure C1) obtained a good to perfect fit in 68 countries and 
federal states, with RMSEA values ranging from .00 to .05 
(see Table B6), which were at or below the recommended 
threshold of .05. For five of the six remaining countries and 
states, the RMSEA value was .06, while for Liechtenstein it 
was .10. An RMSEA value below .08 is considered indica
tive of acceptable model fit (Urban & Mayerl, 2014). Across 
all countries and federal states, the SRMR values of the bi-
factor models ranged from .00 to .05, exhibiting a good to 
perfect model fit. An exception emerged for the Korean and 
Shanghai PISA data. The nested-factor models showed neg
ative residual variance for the reading subscale Integrate 
and Interpret in these countries, indicating that these mod
els were not appropriate. Consequently, this residual vari
ance was set to zero to enable further analysis. Addition
ally, a starting value for the variance of PISA-g and values 
for fixed parameters (i.e., intercepts, variances, and resid
ual variances) derived from prior factor model estimations 
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Table 2. Fit indices for the one-factor models (1F), the one-factor models adjusted (1F adj.), and the bi-factor models (BiF)                   

Statistic AIC (BIC) Change in AIC (BIC) RMSEA [90% CIRMSEA] SRMR 

1F 1F adj. BiF 1F–1F adj. 1F–BiF 1F adj.–BiF 1F 1F adj. BiF 1F 1F adj. BiF 

Overall mean 527,361 
(527,443) 

523,210 
(523,320) 

523,134 
(523,310) 

4,152 
(4,112) 

4,227 
(4,133) 

79a 

(86)a 
.22 .04 .02 .04 .005 .003 

Median 270,521 
(270,618) 

268,852 
(268,956) 

268,753 
(268,871) 

2,221 
(2,214) 

2,269 
(2,249) 

38 
(26) 

.22 .04 .02 .04 .004 .001 

Min. 17,760 
(17,817) 

17,618 
(17,679) 

17,621 
(17,690) 

142 
(138) 

139 
(127) 

–57 
(–677) 

.10 .00 .00 .03 .001 .000 

Max. 2,045,482 
(2,045,610) 

2,032,735 
(2,032,872) 

2,032,395 
(2,033,549) 

16,565 
(15,556) 

16,819 
(15,794) 

340 
(255) 

.34 .11 .10 .06 .017 .05 

Note. N = 74 countries and federal states. The model fit indices of the one-factor model, the adjusted one-factor model, and the bi-factor model are presented. The model calculation was performed separately for each country and federal state using students’ five weighted 
plausible values and the maximum likelihood estimation method. The overall mean values for the model fit measures were calculated across all countries and federal states and weighted by the final student weights. 
a The differences in AIC and BIC values between the adjusted one-factor model and the bi-factor model comprised both positive and negative values. Therefore, the mean absolute difference was calculated by taking the absolute values of these differences. 
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were employed. Subsequent bi-factor models yielded ade
quate fits, with RMSEA values of .05 for Korea and .04 for 
Shanghai. However, a further adjusted one-factor model, 
incorporating correlations between the residuals of mathe
matics and science competence, as well as between Access 
and Retrieve, and Reflect and Evaluate, provided a better 
fit to the Korean and Shanghai PISA data (e.g., Korea: 

 = .03 vs. .05; see Table B6). For in
stance, the difference between this factor model and the 
bi-factor model exceeded 10 points (e.g., Urban & Mayerl, 
2014) in terms of Akaike information criterion (AIC) or 
Bayesian information criterion (BIC), favoring the further 
adjusted one-factor model (e.g., Korea: 

 = –426,  = –326). 
Across all countries and federal states, the bi-factor fac

tor model and the adjusted one-factor model provided an 
enhanced fit compared with the unadjusted single-factor 
model. This was evidenced by non-overlapping RMSEA 
confidence intervals and substantial improvements in AIC 
and BIC, exceeding 10 points (Urban & Mayerl, 2014). In 58 
(or 46) out of 74 cases, respectively, the bi-factor model’s 
AIC (or BIC) was at least 11 points lower than that of the 
adjusted one-factor model, suggesting a superior fit (see 
positive changes in AIC or BIC in Table B6). In the remain
ing cases (excluding Korea), no significant differences in 
AIC values were observed between these two models. With 
respect to BIC, the adjusted one-factor model showed a bet
ter fit than the bi-factor model only in Kazakhstan, Liecht
enstein, and Mexico. Overall, the bi-factor model exhibited 
superior fit in the majority of cases and was therefore se
lected for subsequent analyses of PISA-g and RspecF. 
In all countries and federal states—except Azerbaijan, 

with respect to mathematical competence and the reading 
subscale Reflect and Evaluate—the reading literacy sub
scales, mathematics literacy, and science literacy total 
scales were found to measure the same latent construct, 
namely the general factor PISA-g, thereby demonstrating 
convergent construct validity (e.g., Kline, 2016). This was 
indicated by their standardized loadings (λ) on this factor, 
all of which were at least .70 (Hair et al., 2018). When a 
less restrictive factor loading threshold of .50 (e.g., Urban 
& Mayerl, 2014) was applied, construct validity was also 
supported for mathematical competence and Reflect and 
Evaluate in Azerbaijan. The overall mean of the standard
ized factor loadings for the science literacy total scale, the 
mathematical literacy total scale, and the reading literacy 
subscales on PISA-g was .87 (  = [.57, .94], 

 = [.85, .99],  = [.69, 
.90]; see Table 3). In 69, 37, and 59 out of 74 countries and 
states, respectively, the standardized factor loadings of the 
reading subscales Access and Retrieve, Integrate and Inter
pret, and Reflect and Evaluate on the reading-specific fac
tor (RspecF) were below .50 (see Table B7 in Appendix B). 
In these cases, the reading subscales failed to demonstrate 
adequate convergent validity for RspecF. The grand mean 
of the standardized factor loadings for the reading literacy 
subscales on this factor was .47 (λAcRe on RspecF = [.33, .63]; 
λInIn on RspecF = [.39, .65], λReEv on RspecF = [.36, .56]; see 
Table 3). 

Discriminant (or divergent) validity is established when 
different scales measure distinct constructs (Kline, 2016). 
The standardized factor loadings should be minimal (i.e., 
less than .30; Carroll, 1993; McDonald, 1999) on the other 
construct (i.e., factor) (Urban & Mayerl, 2014). Within the 
nested-factor models, science competence and mathemati
cal competence exhibited discriminant validity with respect 
to RspecF. This is because their standardized factor load
ings on the reading-specific factor were zero, as specified 
by the model design. In all countries and federal states, 
the reading competence subscales did not meet satisfactory 
discriminant validity, as their factor loadings on both fac
tors were greater than .30 (see Table B7). 
The extent to which PISA-g and RspecF explained the 

observed variance in PISA competences or reading sub-
competences varied by country and federal state. PISA-g 
predicted between 32.49% and 88.36% of the variance in 
mathematical literacy, between 72.25% and 98.01% of the 
variance in scientific literacy, and between 47.61% and 
81.00% of the variance in the reading literacy subscales 
(see Table 3). The percentage of variance accounted for by 
RspecF across the reading subscales ranged from 10.89% to 
42.25%. When both factors were considered, the range of 
variance explained in the reading literacy subscales was be
tween 70.93% and 99.97%. In the bi-factor models for Ko
rean and Singapore PISA data, the residual variances of the 
reading subscale Integrate and Interpret were fixed to zero. 
This resulted in both factors explaining 100% of the vari
ance. However, due to the squaring of the rounded factor 
loadings, the actual percentages are 99.73% and 99.97%, re
spectively (see Table B7). PISA-g was identified as the pri
mary contributor to the observed variances. For instance, 
the mean standardized factor loading of the reading liter
acy subscales on PISA-g was .82, whereas the mean factor 
loading on RspecF was .47. 

6.2. Testing hypotheses and examining the       
reading competence specificity of student      
characteristics  

There were significant positive correlations between 
PISA-g (or RspecF) and the number of books at home, read
ing enjoyment, and paternal or maternal education in 73 
(or 50), 72 (or 74), 74 (or 25), and 74 (or 23) out of 74 coun
tries and federal states, respectively (p ≤ .05, one-tailed 
test; see Table 4). In these cases, the results substantiated 
the corresponding hypotheses (see Section 4.2). The non-
significant and significant correlations of PISA-g or RspecF 
with the number of books and parental education ranged 
from weak to strong or from negligible to weak (e.g., 

 = [.06, .56] vs.  = [–.07, .13]; 
 = .34 vs.  = .06; see Table 4). Ac

cording to Cohen (1988), |r| ≈ .10, .30, and .50 are regarded 
as the lower thresholds of small, moderate, and large cor
relations, respectively. All correlations between the factors 
and reading enjoyment ranged from negligible to strong 
for PISA-g and from weak to moderate for RspecF (i.e., 

 = [–.03, .44] vs.  = [.08, .36], 
|  = .26 vs.  = .21). In a total of 
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Table 3. Factor loadings and explained variance for reading literacy subscales, mathematical literacy and scientific literacy in the bi-factor model                   

Statistic Factor loadings ( ) on the general factor (PISA-g) by … Factor loadings on the reading-specific factor (RspecF) by … Percentage of variance explained by 

PISA-g for … PISA-g/RspecF, and in total, for ... 

Math Science AcRe InIn ReEv AcRe InIn ReEv Math Science AcRe InIn ReEv 

Mean .91 .96 .81 .84 .81 .44 .50 .46 82.81 92.16 65.61/19.36/84.97 70.56/25.00/95.56 65.61/21.16/86.77 

Median .91 .96 .82 .84 .81 .45 .50 .46 82.81 92.16 67.24/20.25/88.53 70.56/24.51/96.05 65.61/21.16/89.07 

Min. .57 .85 .71 .75 .69 .33 .39 .36 32.49 72.25 50.41/10.89/70.93 56.25/15.21/84.34 47.61/12.96/71.46 

Max. .94 .99 .90 .90 .88 .63 .65 .56 88.36 98.01 81.00/39.69/97.78 81.00/42.25/99.97 77.44/31.36/95.12 

Note. N = 74 countries and federal states. The terms Math and Science refer to the total scales of mathematical and scientific literacy, respectively. The reading literacy subscales are as follows: Access and Retrieve (AcRe), Integrate and Interpret (InIn), and Reflect and Evaluate (ReEv). The means for stan
dardized factor loadings of mathematics, science, and the reading subscales, as well as the means of explained variance, were computed with the final student weights per country and federal state. In the case of the standardized factor loadings, they were transformed to z-values using Fisher’s r-to-z 
transformation and weighted by the final student weights of the countries and federal states. Subsequently, the overall z-means for factor loadings were transformed back to λ. 
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67 (or 53) countries and federal states, respectively, the cor
relational links between PISA-g (or RspecF) and delayed 
schooling were significantly negative, thereby supporting 
the relevant hypotheses (p ≤ .05, one-tailed test). The cor
relations between this student characteristic and the fac
tors, irrespective of their statistical significance, ranged 
from negligible to moderate for RspecF and up to strong 
for PISA-g (i.e.,  = [–.22, .03] vs. 

 = [–.68, .05]; absolute mean correlations: 
 = .32 vs.  = .10). 

PISA-g exhibited a correlation pattern with the number 
of books at home, reading enjoyment, paternal and mater
nal education, and delayed schooling in 65 out of 74 coun
tries and federal states, which corresponds to that of in
telligence (see Section 4.2). For RspecF, this pattern was 
observed in ten countries and federal states—a considerably 
smaller number. In the remaining nine countries and fed
eral states for PISA-g and 64 for RspecF, at least one of 
the five hypotheses concerning the correlations between 
these factors and the intelligence-relevant student char
acteristics was not supported by the data. Specifically, in 
17, 18, 24, and 5 countries and federal states, respectively, 
one, two, three, and four of the five hypotheses for RspecF 
were not substantiated. With respect to PISA-g, one of the 
five hypotheses was not supported in only eight countries 
and federal states: Iceland, Korea, Japan, Norway, Romania, 
Tamil Nadu, Tunisia, and the United Kingdom. For Tamil 
Nadu and Tunisia, the correlation between PISA-g and the 
number of books at home and enjoyment of reading, re
spectively, was not significantly positive (p > .05; see Table 
4). In Iceland, Japan, Korea, Norway, Romania, and the 
United Kingdom, a non-significant positive relationship 
was shown between PISA-g and the years of delayed school
ing (p > .05). Kazakhstan was the only country in which two 
hypotheses concerning the correlations between PISA-g 
and reading enjoyment, as well as the years of delayed 
schooling, were not supported (  = .00, 

 = .03, p > .05, one-tailed test). 
For exploratory analyses, it was statistically tested 

whether delayed schooling and paternal and maternal ed
ucation exhibited a weaker correlation with RspecF than 
with PISA-g. In the majority of countries and federal states, 
if not all, the results were significant, as indicated by the 
less-than signs without parentheses (e.g., Albania: 

 <  = –.03 < –.15; p ≤ .05, 
one-tailed test; see Table 4). When the less-than or greater-
than symbols are enclosed in parentheses, the results are 
not statistically significant (e.g., Iceland: 
(<)  = –.01 (<) –.01; p >.05). In accordance 
with the hypotheses stated in Section 4.2, it was also tested 
whether the number of books at home and the enjoyment 
of reading were more strongly correlated with RspecF than 
with PISA-g (see Table 4). In the majority of cases, if not 
in all, the results were non-significant. From a descriptive 
perspective, the correlations of these two student variables 
were weaker with RspecF than PISA-g in nearly all, if not 
all, countries and federal states. When statistically tested, 
the number of books and the enjoyment of reading showed 
significantly lower correlations with RspecF in comparison 

to PISA-g. Overall, across the majority of the 74 countries 
and federal states—if not all—the correlations between the 
five intelligence-relevant student characteristics and 
RspecF were significantly weaker than the corresponding 
correlations with PISA-g. 
In 74 federal states and countries, significant correla

tions were observed between PISA-g and students’ ability 
to correctly assess the usefulness of effective strategies for 
understanding and remembering text information and for 
writing a text summary (p ≤ .05, two-tailed test). In 63 and 
64 countries and states, analogous results were obtained 
between RspecF and the correct assessment of the useful
ness of effective strategies for understanding and remem
bering text information and for writing a text summary, 
respectively (p ≤ .05, two-tailed test). For these countries 
and federal states, the results supported the pertinent hy
potheses. The correlations of RspecF with the two afore
mentioned variables ranged from negligible to moderate, 
whereas those of PISA-g varied from weak to strong 
(  = [–.18, .29] vs.  = [.19, 
.52];  = [–.13, .26] vs.  = [.23, 
.49]; see Table 4). Significant correlations were found be
tween PISA-g (or RspecF) and the use of control, elabora
tion, and memorization strategies in 73 (or 67), 60 (or 29) 
and 57 (or 58) out of 74 federal states and countries, respec
tively (p ≤ .05, two-tailed test). In these cases, the findings 
substantiated the hypotheses. When considering all corre
lations between both factors and the use of these three 
strategies, correlation strengths ranged from negligible to 
moderate for RspecF and from negligible to nearly large for 
PISA-g (e.g.,  = [–.00, .20] vs.  = 
[.00, .43]; see Table 4). 
No student characteristics showed a correlation with 

RspecF at a level of at least .50 (e.g., Kline, 2012) without 
also exhibiting a significant correlation with PISA-g. Such a 
variable would be indicative of RspecF, as illustrated in the 
bi-factor model (see Figure C1). Among all variables exam
ined, reading enjoyment was the only one to demonstrate 
a significant positive correlation with RspecF in all coun
tries and federal states. Contrary to expectations, in all 74 
countries and federal states, the number of books at home 
and the correct assessment of the usefulness of strategies 
for writing a text summary and for understanding and re
membering text information were not more strongly corre
lated with RspecF than with PISA-g. The same applies for 
the other reading-related student characteristics: In 73, 64, 
47, and 62 countries and federal states, the use of control, 
elaboration, and memorization strategies, and reading en
joyment, respectively, did not show stronger correlations 
with RspecF than with PISA-g. In fact, the majority of coun
tries and federal states, if not all, displayed the opposite 
pattern, with correlations between reading-related student 
variables and PISA-g being significantly higher than those 
with RspecF. This finding suggests that these student char
acteristics may not be reading-specific. 
If a student characteristic is reading-specific, it should 

demonstrate a significantly stronger correlation with read
ing competence than with mathematical and scientific 
competence. In 49, 43, 61, and 73 out of 74 countries and 
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Table 4. Correlations of the general PISA factor and the reading-specific factor with intelligence and reading-related student characteristics as well as their comparisons                      

Country The reading-specific factor (RspecF) and the general PISA factor (PISA-g) correlated with Model 
fit 

Number Usefulness of strategies for: Use of reading strategies: Reading Years of schooling: RMSEA/ 

of books 
at home 

writing 
summary 

understanding/ 
remembering 

control elaboration memori-
zation 

enjoyment delayed father mother SRMR 

Albania .11(>).36 .05(>).37 .05(>).41 .15(>).29 .04(>).15 .13>.07 .22(>).29 –.03<–.15 .01<.21 .04<.17 .02/.007 

Argentina .05(>).41 .06(>).43 .03(>).34 .11(>).21 –.05(>).05 .08(>)–.11 .08(>).18 –.13<–.44 .01<.29 .02<.33 .03/.019 

Australia .04(>).38 .20(>).44 .16(>).39 .14(>).36 –.02(>).13 .10>.07 .28(>).44 –.03<–.16 .04<.29 .02<.25 .03/.007 

Austria .13(>).50 .20(>).46 .22(>).40 .04(>).18 –.12>.09 .02(>)–.12 .29(>).35 –.04<–.32 .04<.27 .06<.28 .05/.013 

Azerbaijan .10(>).26 –.05(>).22 –.01(>).30 .11(>).19 .09(>).12 .10>.07 .14(>).17 .02<–.16 .10<.19 .09<.17 .02/.010 

Belgium .06(>).43 .21(>).52 .17(>).49 .14(>).27 –.11>.05 .10(>)–.21 .32(>).31 –.09<–.56 .06<.27 .02<.29 .04/.011 

Brazil .02(>).26 .10(>).38 .09(>).35 .15(>).23 .07>.01 .13>.06 .17(>).16 –.15<–.51 .01<.26 .02<.28 .02/.007 

Bulgaria .07(>).44 .10(>).45 .06(>).41 .11(>).16 –.05(>).11 .09>.01 .11(>).28 –.04<–.20 .02<.30 –.00<.38 .03/.009 

Canada .06(>).37 .18(>).37 .13(>).29 .18(>).27 –.03(>).05 .13>–.03 .31(>).35 –.06<–.23 .03<.22 .01<.20 .03/.009 

Chile .06(>).36 .12(>).42 .10(>).43 .11(>).27 –.04(>).10 .08>.01 .19(>).23 –.13<–.39 .06<.35 .09<.34 .03/.009 

Colombia .03(>).37 .10(>).47 .07(>).45 .03(>).10 –.03(>).03 –.06(>)–.13 .09(>).09 –.17<–.50 .02<.29 .04<.34 .02/.007 

Costa Rica .09(>).35 .11(>).43 .07(>).30 .09(>).12 –.04>–.00 .07(>)–.10 .17>.08 –.16<–.55 .05<.27 .02<.32 .03/.010 

Croatia .08(>).34 .23(>).43 .17(>).38 .08(>).14 –.11>.04 .07(>)–.06 .28(>).27 –.09<–.18 .05<.21 .04<.24 .04/.012 

Czech Rep. .10(>).43 .21(>).49 .15(>).40 .08(>).29 –.07(>).18 .07(>)–.13 .32(>).35 –.10<–.36 –.01<.20 –.04<.20 .03/.010 

Denmark .09(>).37 .25(>).39 .21(>).38 .15(>).16 .01(>).12 .07(>)–.15 .24(>).41 –.12<–.21 .05<.26 .06<.25 .03/.009 

Estonia .04(>).31 .21(>).40 .15(>).37 .10(>).14 –.03(>).13 .08(>)–.13 .33(>).36 –.10<–.32 .04<.10 .05<.14 .04/.040 

Finland .10(>).34 .27(>).42 .21(>).37 .16(>).24 .04(>).15 .15>–.06 .30(>).43 –.02<–.20 .05<.16 .05<.21 .04/.011 

France .05(>).53 .18(>).45 .15(>).40 .13(>).38 –.04(>).09 .09>.05 .25(>).39 –.09<–.47 –.00<.30 –.02<.33 .04/.010 

Georgia .08(>).35 .04(>).40 .05(>).40 .12(>).21 .04(>).20 .11(>).08 .19(>).33 –.07<–.18 .02<.25 .04<.25 .03/.011 

Germany .09(>).49 .19(>).50 .18(>).45 .15(>).20 –.11>.07 .09(>)–.12 .29(>).38 –.12<–.49 .03<.36 .05<.31 .04/.010 

Greece .03(>).36 .06(>).38 .03(>).23 .12(>).26 –.07(>).19 .10>.00 .24(>).35 –.06<–.17 .03<.26 .02<.29 .03/.010 

Himachal Pr. –.07(>).10 .10(>).19 .09(>).35 .09(>).29 –.04(>).20 .11(>).06 .12(>).12 –.22<–.43 –.01<.29 .02<.24 .02/.011 

Hong Kong .11(>).30 .10(>).36 .11(>).33 .05(>).33 –.04(>).14 .04(>).05 .24(>).30 –.04<–.34 .02<.17 .03<.16 .04/.012 

Hungary .13(>).56 .23(>).47 .14(>).38 .15(>).12 –.11>.05 .16>–.04 .33(>).35 –.13<–.45 .06<.43 .06<.44 .04/.009 

Iceland .02(>).35 .22(>).40 .15(>).32 .13(>).24 –.03(>).15 .03(>)–.02 .26(>).40 –.01(<)–.01 .01<.21 –.00<.24 .05/.012 

Indonesia .04(>).10 .04(>).40 .04(>).39 .06(>).18 .01(>).17 .08(>).09 .14>.10 –.10<–.39 .04<.28 .04<.28 .02/.010 
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Country The reading-specific factor (RspecF) and the general PISA factor (PISA-g) correlated with Model 
fit 

Ireland .12(>).43 .14(>).41 .12(>).37 .10(>).29 –.05(>).11 .08>.03 .25(>).44 –.07<–.14 .07<.20 .08<.21 .06/.013 

Israel .03(>).30 .14(>).44 .10(>).36 .13(>).17 –.06(>)–.07 .08(>)–.11 .25>.19 .01<–.14 –.01<.35 .01<.39 .03/.008 

Italy .12(>).39 .18(>).42 .15(>).36 .20(>).21 –.02(>).08 .06(>)–.15 .32>.29 –.12<–.30 .08<.20 .07<.22 .03/.008 

Japan .04(>).25 .13(>).52 .10(>).39 .05(>).35 –.05(>).23 .03(>).05 .20(>).34 .01<.05 .08<.26 .02<.19 .04/.011 

Jordan .01(>).18 .07(>).28 .02(>).26 .13(>).33 .09(>).25 .13(>).23 .14(>).21 –.10<–.17 –.02<.25 –.02<.24 .02/.008 

Kazakhstan .12(>).32 .13(>).40 .11(>).39 .09>.00 .01(>)–.09 .06(>)–.13 .09>.00 –.06(<).03 .02<.20 .06<.20 .02/.007 

Korea .02(>).39 .12(>).52 .07(>).44 .13(>).43 .07(>).31 .17(>).25 .16(>).39 –.04(<).01 .03<.25 .03<.20 .05/.022 

Kyrgyzstan .11(>).39 .00(>).39 .05(>).39 .07(>).07 .01(>).02 .05(>).11 .17>.09 –.00<–.09 –.01<.24 .03<.24 .03/.010 

Latvia .08(>).33 .19(>).41 .12(>).36 .12(>).15 –.04(>).10 .07(>)–.08 .35>.27 –.10<–.35 .03<.13 –.01<.22 .03/.009 

Liechtenstein .08(>).42 .29(>).44 .26(>).40 .20(>).14 –.07(>).07 .14(>)–.16 .35(>).30 –.14(<)–.24 .01<.24 .01<.31 .06/.018 

Lithuania .06(>).37 .14(>).40 .14(>).35 .15(>).18 –.02(>).06 .10(>)–.15 .32(>).33 –.04<–.21 .02<.25 –.02<.29 .04/.009 

Luxembourg .04(>).52 .19(>).44 .20(>).38 .17(>).20 –.11>.03 .16>.03 .28(>).33 –.08<–.49 –.01<.36 –.03<.35 .03/.010 

Macao .03(>).17 .04(>).31 .08(>).23 –.00(>).25 –.02(>).24 .01(>).10 .16(>).30 –.10<–.55 .03<.07 .01<.06 .04/.014 

Malaysia –.00(>).26 .07(>).41 .08(>).28 .13(>).28 .05(>).20 .14(>).28 .19(>).23 –.08<–.16 .01<.17 .00<.15 .03/.013 

Malta .02(>).31 .08(>).40 .04(>).25 .14(>).39 –.05(>).15 .11>.03 .17(>).39 .03<–.21 –.03<.25 –.02<.19 .04/.009 

Mauritius .02(>).16 .10(>).49 .06(>).35 .19(>).34 .06(>).09 .12>.01 .20(>).20 –.15<–.57 .06<.28 .03<.28 .03/.008 

Mexico .03(>).30 .09(>).45 .04(>).38 .06(>).25 –.02(>).09 .04(>)–.03 .10(>).17 –.11<–.44 .05<.33 .03<.34 .02/.006 

Miranda –.00(>).37 .11(>).42 .08(>).34 .12(>).08 .02(>)–.05 .17>–.08 .16(>).13 –.15<–.20 .03<.41 –.03<.43 .03/.010 

Moldova .05(>).30 .09(>).32 .09(>).31 .13(>).17 .01(>).11 .08(>).06 .15>.08 –.03<–.10 –.00<.22 .02<.20 .02/.008 

Montenegro .07(>).33 .08(>).40 .14(>).38 .10(>).07 –.05(>).02 .03(>)–.21 .23(>).23 –.03<–.14 .02<.22 .04<.21 .03/.012 

Netherlands .05(>).42 .15(>).50 .15(>).44 .11(>).25 –.08(>).06 .03(>)–.29 .36>.30 .01<–.41 –.03<.25 –.08<.25 .04/.011 

New Zealand .06(>).41 .21(>).45 .15(>).37 .19(>).29 –.01(>).02 .13>–.02 .29(>).40 –.07(<)–.08 –.01<.25 .05<.23 .03/.008 

Norway .04(>).42 .25(>).39 .18(>).35 .15(>).24 .02(>).21 .06>.02 .31(>).37 –.04(<).03 –.00<.20 –.03<.20 .03/.010 

Panama .03(>).30 –.01(>).44 .01(>).42 .04(>).15 –.06>.01 .03(>)–.11 .08(>).11 –.17<–.49 .07<.26 .08<.28 .02/.009 

Peru .08(>).39 .07(>).41 .05(>).35 .03(>).09 –.02(>)–.02 –.05(>)–.19 .12>.08 –.15<–.53 .06<.40 .08<.41 .03/.010 

Poland .10(>).43 .15(>).46 .12(>).31 .16(>).25 –.02(>).10 .14>.00 .29(>).34 –.10<–.22 .02<.33 .03<.36 .03/.009 

Portugal .01(>).42 .21(>).48 .14(>).44 .13(>).39 –.01(>).26 .07(>)–.09 .24(>).30 –.13<–.61 .01<.37 –.00<.38 .04/.013 

Qatar –.02(>).15 .03(>).33 .00(>).37 .09(>).27 .01(>).02 .11>–.03 .09(>).25 –.03<–.28 –.04<.26 –.05<.23 .03/.009 

Romania .10(>).42 .15(>).40 .11(>).39 .16(>).20 .03(>).08 .18>–.02 .16(>).17 –.06(<)–.00 .05<.19 .04<.22 .03/.008 

Russia .10(>).32 .12(>).40 .14(>).38 .09(>).16 –.01(>).06 .03(>)–.10 .25(>).30 –.05<–.26 .04<.19 .03<.25 .03/.009 
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Country The reading-specific factor (RspecF) and the general PISA factor (PISA-g) correlated with Model 
fit 

Serbia .03(>).37 .15(>).46 .11(>).40 .03(>).14 –.09(>).10 .06(>)–.24 .17(>).24 –.06<–.12 .02<.21 –.02<.22 .03/.009 

Shanghai .09(>).34 .07(>).40 .13(>).31 .05(>).29 –.02(>).21 .01(>).04 .21(>).29 –.04<–.22 .07<.28 .08<.29 .05/.023 

Singapore .06(>).34 .14(>).46 .06(>).33 .04(>).25 –.08>.04 .01(>)–.15 .25(>).35 –.11<–.18 .04<.27 .02<.28 .03/.008 

Slovakia .08(>).45 .22(>).43 .15(>).32 .15(>).20 –.02(>).13 .04(>)–.28 .27(>).29 –.15<–.41 –.01<.30 –.02<.26 .03/.008 

Slovenia .06(>).43 .21(>).43 .20(>).38 .17(>).21 –.06(>).08 .09(>)–.24 .29(>).33 –.07<–.10 .02<.25 .03<.29 .03/.008 

Spain .03(>).47 .17(>).42 .13(>).31 .14(>).30 –.03(>).14 .13>–.01 .27(>).36 –.14<–.54 .04<.27 .04<.30 .03/.010 

Sweden .09(>).42 .18(>).45 .20(>).40 .16(>).22 .00(>).15 .15>.03 .31(>).37 –.02<–.11 .01<.24 .03<.24 .03/.009 

Switzerland .10(>).45 .23(>).47 .21(>).46 .19(>).19 –.06(>).04 .07(>)–.12 .34(>).35 –.16<–.40 .02<.29 .02<.29 .04/.012 

Taiwan .07(>).38 .11(>).40 .10(>).34 .09(>).43 .03(>).33 .09(>).21 .20(>).42 –.10(<)–.05 .05<.29 .04<.27 .04/.011 

Tamil Nadu –.01(>).06 –.18(>).29 –.13(>).26 .10(>).19 .05(>).11 .17>–.11 .17(>).23 –.04<–.23 –.12<.22 –.13<.20 .04/.014 

Thailand .10(>).26 .07(>).27 .14(>).28 .05(>).25 .02(>).19 .10(>).23 .15(>).24 –.09<–.21 .05<.30 .05<.28 .03/.011 

Trinidad and 
Tobago 

.00(>).19 .03(>).45 .05(>).41 .12(>).30 –.01(>).03 .15>.04 .21(>).19 –.15<–.55 –.03<.12 –.04<.16 .03/.008 

Tunisia .02(>).26 .07(>).25 –.01(>).26 .15(>).20 .07(>).13 .09(>)–.09 .13>–.03 –.15<–.68 –.04<.24 –.04<.25 .03/.013 

Turkey .08(>).39 .12(>).39 .06(>).34 .14(>).19 .02(>).12 .03(>)–.21 .22>.17 –.14<–.37 .07<.36 .03<.35 .04/.014 

UEA .02(>).20 .03(>).40 .04(>).40 .11(>).23 .02(>)–.00 .08(>)–.12 .14(>).26 –.10<–.42 .01<.34 .01<.34 .03/.010 

UK .08(>).50 .14(>).42 .14(>).33 .13(>).25 –.04(>).07 .06>–.02 .29(>).39 –.02(<).02 –.01<.20 .03<.22 .03/.009 

Uruguay .06(>).39 .13(>).46 .05(>).38 .13(>).25 –.03(>).05 .12>–.09 .16(>).22 –.12<–.63 .06<.38 .04<.45 .03/.010 

USA .09(>).43 .19(>).35 .16(>).30 .17(>).21 –.02(>).01 .10(>)–.11 .27(>).34 –.12<–.27 .01<.33 –.01<.29 .03/.008 

Mean (abs.)a (.06)/.34 (.13)/.41 (.11)/.36 (.12)/.23 (.04)/(.11) (.09)/(.10) .21/(.26) (.10)/(.32) (.04)/.28 (.03)/.28 .03/.01 

Median .06/.37 .13/.42 .11/.37 .13/.23 –.02/.10 .09/–.03 .23/.30 –.09/–.24 .02/.26 .025/.25 .03/.01 

Min. –.07/.06 –.18/.19 –.13/.23 –.00/.00 –.12/–.09 –.06/–.29 .08/–.03 –.22/–.68 –.12/.07 –.13/.06 .02/.006 

Max. .13/.56 .29/.52 .26/.49 .20/.43 .09/.33 .18/.28 .36/.44 .03/.05 .10/.43 .09/.45 .06/.04 

Note. Weighted correlation coefficients were estimated from structural equation models specified separately for each country and federal state. The general PISA factor and the reading-specific factor from the bi-factor model were correlated with student characteristics 
within a structural equation modeling framework. To avoid bias arising from the simultaneous estimation of the correlations, previously estimated parameter values for the bi-factor model were fixed. To further improve model fit, correlations among the student characteris
tics were explicitly specified. Due to the presence of missing values among student characteristics, full information maximum likelihood (FIML) estimation was employed. This procedure enabled the inclusion of all students in the analysis without casewise deletion. Non-sig
nificant correlation coefficients are presented in italics, and significant coefficients are shown in normal font (p ≤ .05). One-tailed significance tests were applied to variables with directional hypotheses, including the number of books at home, reading enjoyment, delayed 
schooling, and maternal and paternal education. Two-tailed tests were used for all other student-related variables. The directional hypotheses underlying the comparison of correlation coefficients are indicated by the use of less-than or greater-than signs. When these signs 
are enclosed in parentheses, the results are non-significant (p > .05, one-tailed test); when parentheses are absent, the results are significant (p ≤ .05, one-tailed test). In instances of negative correlation coefficients, the absolute value of these coefficients was employed for 
the purpose of conducting a statistical comparison. 
a The mean correlations between the factors and student variables were computed as follows: The correlation coefficients were transformed into z-values using Fisher’s r-to-z transformation and weighted by the final student weights of each country and federal state. Subse
quently, the overall weighted z-means were transformed back to r. In instances where negative correlation coefficients were observed, the absolute values of these coefficients were utilized to calculate the weighted absolute mean correlations, which are reported in parenthe
ses. 
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federal states, the reading competence showed significantly 
stronger correlations with the correct assessment of the 
usefulness of strategies for writing a text summary and for 
understanding and remembering text information, the use 
of control strategies, and the enjoyment of reading, re
spectively, than mathematics and science competence with 
them (see Table B8 in Appendix B). In these countries and 
federal states, the respective student characteristics may be 
considered reading-specific. However, reading competence 
did not exhibit significantly stronger correlations with the 
number of books at home, the use of elaboration strategies, 
and the use of memorization strategies than did mathe
matics and science competence in 47, 57, and 41 countries 
and federal states, respectively. In addition, in 18, 12, and 
4 cases, respectively, reading competence did not correlate 
significantly more strongly with the number of books at 
home, the use of elaboration strategies, and the use of 
memorization strategies than either mathematics or sci
ence competence. In all of these countries and federal 
states, the student variables were not reading-specific. 
Overall, from a descriptive perspective, the differences in 
the strength of correlations between reading, mathemati
cal, and science competence and these seven student char
acteristics were negligible to small in most cases (e.g., 

= .32 vs. Books*Reading = .32 vs. Books*Science = 
.32; see Table 5). 

7. Discussion   

7.1. High latent correlations as a basis for factor          
extraction  

Significant positive and generally strong latent correla
tions were observed between the reading sub-competences, 
as well as between these sub-competences and the mathe
matics and science competence, in nearly all countries and 
federal states (.39 ≤ rlatent ≤ .96, latent = .83). However, in 
Azerbaijan, the latent correlations between the mathemat
ics and science total scales and between the reading sub
scales and the mathematics total scale were lower, ranging 
from .39 to .48. These consistently strong to very strong la
tent correlations suggest limited empirical discriminability 
among the PISA competence domains across countries and 
federal states. In addition to other factors (e.g., test-taking 
behavior; see Section 1), these correlational relationships 
may, to some extent, be facilitated by overlaps in item char
acteristics and cognitive demands—such as reasoning, ab
stract thinking, and comprehension—across the domains of 
reading, mathematics, and science. For example, reading-
related processes, such as accessing and extracting, as well 
as integrating and interpreting, are relevant for mathemati
cal and science items, especially when solution-relevant in
formation must be identified within the task material. Re
flecting and evaluating plays also a role in mathematical 
and science items to some degree. Moreover, the ability to 
work with and comprehend different forms of representa
tion (e.g., text, diagrams, and tables) is a common require
ment across items in all three domains. In general, a certain 
level of reading literacy is required for all items. Further
more, some mathematical literacy is necessary for specific 

science and reading items that involve dealing with num
bers in tables, diagrams, or graphs. Exploratory analyses 
indicate that, in a weak to strong (or moderate to strong) 
tendency, the strength of correlations between the overall 
scales of mathematical and science competence and/or the 
reading competence subscales increases as GDP per capita 
(or its natural logarithm) rises. 

7.2. The replication of the factors and their         
correlations with student characteristics     

The nested-factor model (i.e., the bi-factor model) 
showed an adequate to perfect fit in 68 countries and fed
eral states. Regarding the remaining six countries and fed
eral states, the model fit was considered acceptable (i.e., 
RMSEA ≤ .08) in five countries and poor in Liechtenstein 
(i.e., RMSEA = .10). In all countries and states, the bi-factor 
model and the adjusted one-factor model provided a su
perior fit compared with the one-factor model. This find
ing is consistent with previous research using various PISA 
data sets (e.g., Brunner, 2006, 2008; Pokropek, Marks, & 
Borgonovi, 2022; Pokropek, Marks, Borgonovi, et al., 2022). 
In most cases, the nested-factor model also exhibited a 
better fit than the adjusted one-factor model, which in
corporated residual correlation between mathematics and 
science. However, it was observed that all aforementioned 
factor models exhibited inadequate model fits for Korean 
and Shanghai PISA data. In these two cases, a further ad
justed one-factor model provided a good to perfect fit to the 
data, thereby indicating its superiority over the other mod
els. 
Within the nested-factor models, the high correlations 

between the reading competence subscales could be sta
tistically accounted for by PISA-g and RspecF, whereas the 
correlations between these subscales and science or math
ematical competence, as well as the correlation between 
mathematical and science competence, could be attributed 
to PISA-g. In all countries and federal states—except for 
Azerbaijan, in the case of mathematical competence and 
Reflect and Evaluate—the mathematics and science compe
tence scales and the reading subscales measured the same 
latent construct, PISA-g, thereby demonstrating conver
gent construct validity. This was indicated by their stan
dardized factor loadings on this factor, which were equal to 
or greater than .70. The overall mean of the standardized 
factor loadings of these competences and sub-competences 
on PISA-g was .87. In most cases, the reading subscales did 
not demonstrate adequate convergent validity with respect 
to RspecF. The grand mean of the standardized factor load
ings for the reading literacy subscales was .82 on PISA-g 
and .47 on RspecF. As indicated by the magnitude of the 
standardized factor loadings, the degree to which PISA-g 
and RspecF explained the observed variance in PISA com
petences and reading sub-competences differed across 
countries and federal states. Specifically, PISA-g accounted 
for between 32.49% and 88.36% of the variance in math
ematical literacy, between 72.25% and 98.01% of the vari
ance in scientific literacy, and between 47.61% and 81.00% 
of the variance in the reading literacy subscales. The per
centage of variance explained by RspecF across the reading 
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Table 5. Correlations of mathematical, scientific, and reading literacy with reading related student characteristics as well as their comparisons                  

Statistic Mathematical/Readinga/Science literacy correlated with 

Books Usefulness of strategies for: Use of reading strategies: Reading 

at home writing summary understanding/ 
remembering 

control elaboration memorization enjoyment 

Overall (abs.) meanb .32/.32/.32 .37/.40/.39 .32/.35/.34 .20/.25/(.22) (.09)/(.08)/(.09) (.09)/(.10)/(.10) (.20)/.33/.26 

Median .35/.34/.33 .37/.43/.39 .33/.37/.35 .20/.26/.22 .08/.07/.08 –.04/.02/–.03 .22/.38/.30 

Min. .05/.03/.06 .13/.14/.15 .19/.13/.21 .00/.04/–.00 –.08/–.09/–.08 –.28/–.25/–.27 –.06/.04/.001 

Max. .55/.55/.53 .48/.55/.52 .45/.51/.47 .40/.43/.41 .30/.32/.32 .22/.31/.28 .37/.52/.45 

Note. N = 74 countries and federal states. Weighted correlation coefficients were estimated from the structural equation models specified separately for each country and federal state. The overall reading, mathematics, and science competence scales were correlated with stu
dent characteristics within a structural equation modeling framework. To improve model fit, the correlations among the student characteristics were explicitly specified. Due to the presence of missing data among student characteristics, full information maximum likelihood 
(FIML) estimation was employed. This approach enabled the inclusion of all students in the analysis without necessitating casewise exclusion. 
a For reading competence, the overall scale with plausible values 1–5 per student was applied. 
b The mean correlations between the PISA competences (reading, mathematics, and science) and reading-related student characteristics were computed as follows: The correlation coefficients were transformed into z-values using Fisher’s r-to-z transformation and weighted 
by the final student weights of the countries and federal states. Subsequently, the overall weighted z-means were transformed back to r. In instances where negative correlation coefficients were observed, the absolute values of these coefficients were utilized to calculate the 
weighted absolute average correlations, as shown in parentheses. 
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subscales ranged from 10.89% to 42.25%. PISA-g was found 
to be the dominant contributor to most of the variance ex
plained in the reading competence subscales and in math
ematics and science competence. Consequently, these sub
scales and competences may reflect general cognitive 
ability (i.e., PISA-g) more strongly than domain-specific 
abilities. 
PISA-g demonstrated significant positive correlations 

with maternal and paternal education in all countries and 
federal states as well as with the number of books and the 
enjoyment of reading in nearly all cases. A significant neg
ative correlation between this factor and delayed school
ing was identified in nearly all countries and federal states. 
Therefore, the relevant hypotheses were substantiated in 
those countries and federal states. As expected, the read
ing-specific factor demonstrated also significant positive 
or negative correlations with the aforementioned variables, 
but in a considerably smaller number of countries and fed
eral states, with the exception of the enjoyment of reading. 
The correlations of PISA-g with the number of books and 
maternal and paternal education ranged from weak to 
strong; those with enjoyment of reading and delayed 
schooling ranged from negligible to strong. In nearly all 
cases, the correlations between these student character
istics and RspecF were found to be considerably weaker 
than those observed with PISA-g. All five hypotheses re
garding the correlations between PISA-g and the afore
mentioned five intelligence-relevant student characteris
tics were supported in a total of 65 countries and federal 
states. Consequently, in these cases, PISA-g showed a pat
tern of correlations with these intelligence-relevant stu
dent characteristics, which is analogous to that of intel
ligence. RspecF exhibited an intelligence-related 
correlational pattern with the same five student variables 
in only ten countries and federal states. In these cases, the 
correlations were found to be significantly (and consider
ably) weaker. Unlike PISA-g, RspecF displayed a much less 
consistent intelligence-related correlation pattern across 
most countries and federal states. These findings, along 
with the intelligence-related PISA item demands (see Sec
tions 3.1 to 4.1), support the assumption that PISA-g re
flects a general cognitive ability (i.e., an intelligence-like 
ability). For instance, it encompasses the intelligent appli
cation of knowledge and given information. 
PISA-g and RspecF demonstrated significant correlations 

with metacognitive and learning strategies in varying num
bers of countries and federal states. The metacognitive 
strategies comprise the correct assessment of the useful
ness of effective strategies for understanding and remem
bering text information as well as for writing a text sum
mary. The correlations between RspecF and these two 
metacognitive strategies ranged from negligible to moder
ate, whereas the correlations of them with PISA-g varied 
from weak to strong. When all the correlations between 
the two factors and the use of the three learning strategies 
(control, elaboration, and memorization) are taken into ac
count, their strengths ranged from negligible to moderate 
and, for PISA-g, up to nearly large. No student characteris
tics were found to correlate with RspecF at a level of at least 

.50 while at the same time not correlating significantly with 
PISA-g. Such a variable would be indicative of RspecF, as il
lustrated in the bi-factor model. The precise nature of this 
factor remains an open question. 
Contrary to expectations, in the majority of countries 

and federal states—if not all—the correlations between the 
reading-related student variables and RspecF were not sig
nificantly stronger than their correlations with PISA-g. A 
student characteristic may be regarded as reading-specific 
if it shows significantly stronger correlations with reading 
competence than with mathematical and scientific compe
tence. According to this criterion, the correct assessment of 
the usefulness of effective strategies for writing text sum
maries and for understanding and remembering textual in
formation, the use of control strategies, and the enjoyment 
of reading were reading-specific; the first three in most 
countries and federal states and the latter in all cases, ex
cept Tunisia. However, the number of books at home, the 
use of memorization, and the use of elaboration strategies 
were not reading-specific in most or nearly all countries 
and federal states. Although certain student characteris
tics were found to be reading-specific, they generally exhib
ited a stronger correlation with PISA-g than with RspecF in 
most cases, or in all cases, depending on the specific stu
dent characteristic under consideration. 

7.3. Criticism and implications     

For the PISA 2009 items, for which response options 
were provided, students might also have guessed the cor
rect answer, thereby potentially compromising the validity 
of these items. It is also plausible that guessing techniques 
may enhance the correlation between PISA competences 
and intelligence. 
The utilization of manifest correlations has the potential 

to facilitate a more precise empirical differentiation be
tween the reading competence subscales and other compe
tences (e.g., German PISA 2000 data: rAcRe*InIn = .74man
ifest versus .94latent, rAcRe*ReEv = .64manifest vs. .88latent, 
rInIn*ReEv = .71manifest versus .91latent; Artelt & Schlag
müller, 2004). However, the persistent high latent correla
tions suggest the need to modify the PISA items themselves 
to align more closely with greater dimensional specificity. 
As a preliminary step, it is essential to identify and mitigate 
the similarities between the competences, including the 
reading subscales, as discussed in Sections 3.1 and 3.2. 
The high variance explanation of the mathematical and 

science competence accounted for by PISA-g can also be 
partly due to the chosen specification of the nested-factor 
model. For instance, the inclusion of an additional specific 
factor for each of these competences within the model 
could potentially result in a reduced variance explanation 
by PISA-g. However, the PISA 2009 data set encompassed 
only overall scales for mathematics and science compe
tence, thereby precluding the extraction of further compe
tence-specific factors, for example, from the subscales of 
mathematics and science competence. Instead of assuming 
a reading-specific factor, the correlation between the read
ing subscales could also be attributed to a common method 
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variance between them (Brunner, 2008), that is, a method 
factor. 
In previous factor analyses (e.g., Brunner, 2006, 2008; 

Pokropek, Marks, & Borgonovi, 2022), the two subtests 
(word and figure analogies) of the Cognitive Ability Test 
(Heller & Perleth, 2000) and the Raven’s Standard Progres
sive Matrices (Jaworowska et al., 2000) were utilized. How
ever, this is not sufficient for a comprehensive assessment 
of intelligence. Consequently, a broad intelligence test bat
tery should be considered in conjunction with the PISA 
competences at the overall, subscale, and item levels in fu
ture factor analyses. This would facilitate comprehensive 
empirical validation of PISA-g, for instance, in terms of 
an ability analogous to intelligence or less. Furthermore, a 
comparative analysis of the PISA items with those of vari
ous intelligence tests is necessary to identify similarities in 
content and cognitive demand. 
Given the substantial sample sizes, even negligible cor

relations or minor differences between correlation coeffi
cients can attain statistical significance. Consequently, a 
student characteristic may appear to be reading-specific 
merely because its correlation with reading competence is 
marginally—but significantly—higher than with other com
petences. Therefore, it is essential to systematically assess 
the magnitude of these correlations in addition to their sta
tistical significance. 

It is recommended that subsequent PISA studies incor
porate a comprehensive intelligence measure in conjunc
tion with an approximately representative sample of items 
from the three competence domains (reading, mathemat
ics, and science). This approach enables a thorough evalua
tion of PISA-g in factor analysis. In order to compute mani
fest correlations between domains at the item or total scale 
level, students must be administered a representative sam
ple of PISA items for each domain. The divergent empiri
cal validity of competences can then be evaluated on the 
basis of such correlations. In addressing the issue of mo
tivational losses resulting from elevated demands during a 
single testing occasion, it is recommended to implement 
measurements at two distinct time points. This approach 
may help mitigate low test-taking effort, which can lead to 
student underperformance (e.g., Borger et al., 2025; He et 
al., 2025). Furthermore, an analysis of tasks across all sub
scale items within a given domain compared with other do
mains is advised to identify shared characteristics specific 
to that domain. This procedure may facilitate deriving a de
scription of a domain-specific factor. 
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Appendices  

Appendix A: Definition of intelligence and       
descriptions of reading-related student     
characteristics  

A1: Rindermann’s   (2018)  definition of intelligence    

Rindermann (2018, p. 43) provided a comprehensive de
finition of intelligence with detailed descriptions of some 
components mentioned by Gottfredson (1997a, 1997b): 

Intelligence is the ability to think, a rather knowledge-
reduced mental capacity, ideally free of specific knowl
edge. Intelligence comprises problem solving: to solve 
new problems by thinking (no simple knowledge re
call); reasoning: to infer (to conclude and reason, to 
draw inductive and deductive-logical conclusions in
cluding finding patterns in information, to correctly 
generalise, to apply rules for new examples and to solve 
syllogisms); abstract thinking: to categorise, to form 
concepts, to sort out less relevant information, to 
process abstract information in the form of verbal and 
numerical symbols, in the form of abstract figures and 
in the form of general rules; understanding: to recog
nise and construct relationships, structures, contexts 
and meaning, to have insight. Intelligence … includes 
the ability to change cognitive perspectives, to make 
plans and use foresight. 

A2: Item descriptions of the reading-related student        
characteristics  

As stated in Section 5.2 of the aforementioned study, the 
items of the applied student characteristic scales are pro
vided below: 
Reading enjoyment was assessed by the following 11 

items (OECD, 2012, p. 290): 

The scale for the use of control strategies were generated 
based on the subsequent five items (OECD, 2012, p. 293): 

For the scale regarding the use of elaboration strategies, 
the following four items were applied (OECD, 2012, p. 293): 

The four items formed the scale for the use of memoriza
tion strategies were (OECD, 2012, p. 293): 

The scale for the correct assessment of the usefulness of ef
fective strategies for understanding and remembering text in
formation was constructed based on students’ judgment of 
the usefulness of the subsequent strategies (OECD, 2010c, 
p. 113): 

For assessing the usefulness of these strategies, a six-
point rating scale, ranging from 1 = not useful at all to 6 
= very useful, was given. Students’ responses were required 
to correspond to the reading expert’s rank order, according 
to which strategies listed in C), D), and E) were considered 
more effective than those in A), B), and F). When this con
dition was met, one score point was assigned for each cor
rect pairwise comparison (i.e., C > A; C > B; C > F; D > A; D 
> B; D > F; E > A; E > B; E > F); otherwise, no score point was 
assigned. Students’ final score points (e.g., 3 out of 9 equals 
.33) were standardized using the OECD mean and the corre
sponding standard deviation (OECD, 2012). Thus, standard
ized scores greater than zero indicate a better assessment 
of the usefulness of effective strategies for understanding 
and remembering text information compared to the OECD 
mean. 
The scale for the correct assessment of the usefulness of ef

fective strategies for writing a text summary was constructed 
based on students’ judgment of the usefulness of the sub
sequent strategies (OECD, 2010c, p. 113): 

• “I read only if I have to”, 
• “Reading is one of my favourite hobbies”, 
• “I like talking about books with other people”, 
• “I find it hard to finish books”, 
• “I feel happy if I receive a book as a present”, 
• “For me, reading is a waste of time”, 
• “I enjoy going to a bookstore or a library”, 
• “I read only to get information that I need”, 
• “I cannot sit still and read for more than a few min
utes”, 

• “I like to express my opinions about books I have 
read”, and 

• “I like to exchange books with my friends”. 

• “When I study, I start by figuring out what exactly I 
need to learn”, 

• “When I study, I check if I understand what I have 
read”, 

• “When I study, I try to figure out which concepts I 
still haven’t really understood”, 

• “When I study, I make sure that I remember the most 
important points in the text”, and 

• “When I study and I don’t understand something, I 
look for additional information to clarify this”. 

• “When I study, I try to relate new information to prior 
knowledge acquired in other subjects”, 

• “When I study, I figure out how the information 
might be useful outside school”, 

• “When I study, I try to understand the material better 
by relating it to my own experiences”, and 

• “When I study, I figure out how the text information 
fits in with what happens in real life”. 

• “When I study, I try to memorize everything that is 
covered in the text”, 

• “When I study, I try to memorize as many details as 
possible”, 

• “When I study, I read the text so many times that I 
can recite it”, and 

• “When I study, I read the text over and over again”. 

• "A) I concentrate on the parts of the text that are easy 
to understand; 

• B) I quickly read through the text twice; 
• C) After reading the text, I discuss its content with 
other people; 

• D) I underline important parts of the text; 
• E) I summarise the text in my own words; and 
• F) I read the text aloud to another person." 
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To assess the usefulness of these strategies, the previ
ously described six-point rating scale was provided. Stu
dents’ responses were compared with experts’ rank order 
of the strategies (i.e., DE > AC > B). Students obtained one 
score point for each correct pairwise comparison (i.e., D > 
A; D > C; D > B; E > A; E > C; E > B; A > B; C > B); otherwise, 
no score point was assigned. The final scores (e.g., 4 out of 
8 equals .50) were then standardized using the OECD mean 
and the corresponding standard deviation (OECD, 2012). 

• "A) I write a summary. Then I check that each para
graph is covered in the summary, because the content 
of each paragraph should be included; 

• B) I try to copy out accurately as many sentences as 
possible; 

• C) before writing the summary, I read the text as 
many times as possible; 

• D) I carefully check whether the most important facts 
in the text are represented in the summary; and 

• E) I read through the text, underlining the most im
portant sentences, then I write them in my own words 
as a summary." 
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Appendix B: Tables    

Table B1. The mapping of selected PISA 2009 reading items to the reading literacy subscales (according to the                 
PISA-authors)  

Exemplary reading items Reading subscales 

AcRe InIn ReEv 

The Play’s The Thing (Question 3): What were the characters in the play doing just before the 
curtain went up? 

(✓) ✓ 

Brushing Your Teeth (Question 2): What do the British researchers recommend? ✓ (✓) 

Brushing Your Teeth (Question 3): Why should you brush your tongue, according to Bente Hansen? ✓ (✓) 

Brushing Your Teeth (Question 4): Why is a pen mentioned in the text? (✓) ✓ 

Mobile Phone Safety (Question 11): “It is difficult to prove that one thing has definitely caused 
another. What is the relationship of this piece of information to the Point 4 Yes and No statements in 
the table Are mobile phones dangerous?” 

(✓) ✓ 

Balloon (Question 4): What is the purpose of including a drawing of a jumbo jet in this text? (✓) ✓ 

Balloon (Question 6): Why does the drawing show two balloons? (✓) ✓ 

Blood Donation Notice (Question 9): The text says: “The instruments for taking the blood are sterile 
and single-use …” Why does the text include this information? 

(✓) ✓ 

Note. A tick mark indicates the assignment of reading items to the literacy subscales Access and Retrieve (AcRe), Integrate and Interpret (InIn), and Reflect and Evaluate (ReEv). A tick 
without parentheses denotes assignment to a reading competence subscale, as defined by the OECD (2010d, pp. 92 et seq.). In our classification, a tick in parentheses indicates that 
the item partially fulfills the requirements of another subscale. This classification is based on the OECD’s descriptions of the items and their recommended solutions. 

Table B2. The eight conceptualized mathematical abilities constituting mathematical competence in PISA 2009            

Mathematical abilities Brief description 

Mathematical thinking 
and reasoning 

Argumentation 

Communication 

Modeling 

Problem posing 
and solving 

Representation 

Using symbolic, formal, and technical 
language and operations 

Use of aids and tools 

Note. The descriptions of the eight mathematical abilities were taken from OECD (2005, 2010b, 2010a). 

• Asking exploratory and probing questions (e.g., about the problem situation or the ap

proach). 

• The distinction between different types of statements (e.g., hypotheses, definitions, and 

conditional assertions). 

• Logical analysis of the relationships between problem elements, as well as the understand

ing of mathematical concepts and how to deal with them. 

• Formal or logical argumentation, justification, and proof, as well as the comprehension of 

justifications or chains of argumentation. 

• Understanding the communicated mathematical matters and writing one‘s own point of 

view about it. 

• Mathematically structuring the real-world situation and monitoring the modeling process. 

• Dealing with mathematical models (e.g., interpretation, analysis, communication, and criti

cism). 

• Recognize, formulate, and solve different types of mathematical problems and apply prob

lem-solving strategies. 

• Understanding, interpreting, or translating different representations of mathematical ob

jects or situations. 

• Selecting and switching between different forms of representation (e.g., text, diagram). 

• Decoding and interpreting formal or technical language. 

• Translating natural language into symbolic or formal language and understanding their rela

tionship to each other. 

• Solving or manipulating equations and performing calculations. 

• Knowledge of different aids/tools and their situation-appropriate use. 
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Table B3. The description of the science sub-competences from PISA 2006          

Science subscales Key characteristics 

Identifying Scientific Issues 

Explaining Phenomena 
Scientifically 

Using Scientific Evidence 

Note. Adapted from “PISA 2009 Assessment Framework: Key competencies in reading, mathematics and science” by OECD (2010b), p. 137 (https://doi.org/10.1787/
9789264062658-en). Copyright 2009 by the OECD. 

• Identifying keywords for searching scientific information. 

• Recognizing scientifically investigable issues. 

• Recognizing key features of a scientific investigation (e.g., the control, change, or comparison of 

variables). 

• Applying knowledge of science in a given situation. 

• The description or interpretation of phenomena and the prediction of changes. 

• Identifying appropriate descriptions, explanations, and predictions. 

• Interpreting scientific evidence and making and communicating conclusions. 

• Identifying assumptions, evidence, and reasoning behind conclusions. 

• Reflecting on the societal implications of science and technological developments. 
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Table B4. The latent correlations between the reading literacy subscales and the total scales of mathematical and scientific literacy                  

Country 
NUnweighted Math with 

Science 
Math with reading subscales Science with 

reading subscales 
Intercorrelations between 

reading subscales 

AcRe InIn ReEv AcRe InIn ReEv AcRe*InIn AcRe*ReEv InIn*ReEv 

Albania 4,596 .82 .74 .73 .71 .80 .79 .78 .92 .90 .91 

Argentina 4,774 .88 .77 .79 .78 .80 .82 .81 .93 .91 .94 

Australia 14,251 .90 .80 .82 .79 .85 .86 .84 .94 .94 .95 

Austria 6,590 .91 .77 .78 .76 .83 .84 .83 .95 .92 .94 

Azerbaijan 4,691 .48 .39 .43 .39 .61 .63 .59 .87 .85 .81 

Belgium 8,501 .90 .79 .83 .81 .82 .86 .84 .92 .88 .93 

Brazil 20,127 .87 .74 .77 .74 .79 .81 .78 .91 .85 .91 

Bulgaria 4,507 .85 .78 .78 .77 .83 .84 .81 .94 .91 .94 

Canada 23,207 .86 .73 .77 .72 .78 .82 .78 .92 .89 .92 

Chile 5,669 .86 .74 .77 .73 .75 .78 .74 .91 .87 .91 

Colombia 7,921 .83 .70 .73 .69 .72 .77 .74 .90 .86 .92 

Costa Rica 4,578 .84 .72 .76 .71 .73 .76 .73 .90 .82 .90 

Croatia 4,994 .89 .74 .74 .72 .79 .81 .79 .93 .89 .93 

Czech Republic 6,064 .87 .75 .79 .76 .78 .82 .80 .94 .88 .92 

Denmark 5,924 .86 .72 .75 .72 .78 .82 .79 .91 .89 .93 

Estonia 4,727 .85 .73 .75 .74 .76 .80 .78 .91 .86 .92 

Finland 5,810 .85 .69 .72 .71 .75 .80 .78 .90 .86 .92 

France 4,298 .90 .77 .80 .79 .82 .85 .84 .92 .89 .94 

Georgia 4,646 .80 .70 .67 .68 .74 .74 .75 .92 .89 .90 

Germany 4,979 .91 .79 .79 .79 .82 .82 .83 .94 .91 .93 

Greece 4,969 .82 .68 .71 .68 .74 .77 .75 .91 .85 .91 

Himachal Pradesh 1,616 .69 .57 .59 .57 .65 .66 .60 .82 .72 .85 

Hong Kong 4,837 .89 .70 .78 .74 .73 .81 .78 .87 .78 .89 

Hungary 4,605 .90 .80 .81 .79 .84 .84 .82 .92 .89 .92 

Iceland 3,646 .89 .76 .77 .76 .79 .82 .80 .94 .91 .93 

Indonesia 5,136 .80 .63 .67 .60 .64 .69 .63 .82 .73 .83 

Ireland 3,937 .92 .79 .80 .78 .81 .84 .81 .94 .90 .94 

Israel 5,761 .88 .80 .81 .81 .80 .81 .82 .94 .93 .95 
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Country 
NUnweighted Math with 

Science 
Math with reading subscales Science with 

reading subscales 
Intercorrelations between 

reading subscales 

AcRe InIn ReEv AcRe InIn ReEv AcRe*InIn AcRe*ReEv InIn*ReEv 

Italy 30,905 .87 .74 .75 .73 .79 .81 .79 .92 .89 .94 

Japan 6,088 .90 .78 .79 .74 .84 .85 .79 .93 .87 .90 

Jordan 6,486 .83 .72 .73 .68 .77 .80 .75 .88 .85 .91 

Kazakhstan 5,412 .83 .73 .75 .72 .76 .77 .75 .91 .89 .89 

Korea 4,989 .87 .73 .76 .73 .76 .81 .78 .87 .77 .90 

Kyrgyzstan 4,986 .81 .72 .70 .70 .73 .73 .72 .91 .86 .87 

Latvia 4,502 .84 .71 .73 .69 .76 .77 .73 .92 .87 .90 

Liechtenstein 329 .85 .68 .73 .70 .76 .78 .78 .87 .86 .91 

Lithuania 4,528 .87 .76 .77 .74 .79 .81 .79 .91 .89 .94 

Luxembourg 4,622 .88 .76 .79 .78 .82 .85 .84 .93 .92 .94 

Macao 5,952 .80 .64 .66 .67 .71 .74 .74 .89 .81 .89 

Malaysia 4,999 .78 .65 .67 .66 .69 .74 .71 .86 .85 .90 

Malta 3,453 .89 .79 .80 .80 .85 .87 .85 .96 .95 .96 

Mauritius 4,654 .87 .79 .79 .78 .82 .83 .82 .93 .92 .94 

Mexico 38,250 .83 .73 .77 .72 .72 .78 .73 .89 .81 .90 

Miranda 2,901 .82 .74 .77 .75 .77 .79 .77 .89 .88 .91 

Moldova 5,194 .78 .70 .68 .66 .73 .72 .70 .91 .87 .90 

Montenegro 4,825 .86 .73 .74 .71 .78 .78 .75 .95 .88 .92 

Netherlands 4,760 .89 .79 .82 .81 .81 .87 .85 .91 .90 .94 

New Zealand 4,643 .89 .78 .82 .79 .83 .86 .83 .93 .91 .94 

Norway 4,660 .87 .74 .76 .73 .78 .80 .77 .91 .89 .91 

Panama 3,969 .82 .74 .75 .74 .77 .79 .76 .90 .85 .91 

Peru 5,985 .82 .74 .77 .73 .76 .78 .75 .92 .87 .93 

Poland 4,917 .88 .75 .77 .74 .78 .80 .78 .91 .89 .93 

Portugal 6,298 .86 .72 .77 .74 .76 .80 .78 .92 .85 .91 

Qatar 9,078 .87 .81 .81 .79 .86 .86 .85 .95 .93 .94 

Romania 4,776 .85 .74 .74 .72 .79 .79 .77 .93 .92 .92 

Russia 5,308 .84 .72 .75 .72 .74 .77 .75 .92 .89 .93 

Serbia 5,523 .85 .75 .72 .70 .78 .77 .74 .92 .89 .86 
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Country 
NUnweighted Math with 

Science 
Math with reading subscales Science with 

reading subscales 
Intercorrelations between 

reading subscales 

AcRe InIn ReEv AcRe InIn ReEv AcRe*InIn AcRe*ReEv InIn*ReEv 

Shanghai 5,115 .88 .71 .79 .70 .73 .81 .72 .87 .71 .86 

Singapore 5,283 .89 .78 .83 .80 .82 .86 .84 .92 .88 .93 

Slovakia 4,555 .87 .75 .75 .75 .77 .78 .79 .93 .90 .93 

Slovenia 6,155 .88 .77 .80 .77 .81 .83 .80 .93 .92 .94 

Spain 25,887 .82 .71 .74 .72 .74 .78 .75 .88 .84 .89 

Sweden 4,567 .90 .75 .78 .78 .79 .82 .81 .93 .91 .93 

Switzerland 11,812 .87 .73 .75 .73 .78 .80 .79 .94 .91 .94 

Taiwan 5,831 .89 .72 .80 .78 .76 .84 .81 .89 .84 .91 

Tamil Nadu 3,210 .79 .67 .68 .70 .66 .68 .67 .81 .78 .86 

Thailand 6,225 .82 .68 .73 .67 .75 .77 .71 .88 .78 .85 

Trinidad and Tobago 4,778 .86 .77 .78 .79 .80 .82 .82 .94 .93 .94 

Tunisia 4,955 .78 .66 .69 .65 .70 .73 .68 .85 .78 .89 

Turkey 4,996 .87 .73 .76 .71 .77 .80 .75 .88 .83 .91 

United Arab Emirates 10,867 .86 .78 .78 .76 .83 .84 .82 .93 .89 .93 

United Kingdom 12,179 .89 .79 .80 .78 .82 .85 .82 .92 .90 .93 

Uruguay 5,957 .82 .72 .74 .72 .75 .77 .75 .92 .90 .93 

USA 5,233 .90 .79 .82 .80 .84 .86 .84 .93 .92 .95 

Overall meana .86 .74 .76 .73 .77 .80 .77 .91 .87 .92 

Median .86 .74 .77 .73 .78 .80 .78 .92 .89 .92 

Min./max. .48/.92 .39/.81 .43/.83 .39/.81 .61/.86 .63/.87 .59/.85 .81/.96 .71/.95 .81/.96 

Note. The latent correlations between the variables were estimated for each country and federal state using the five weighted plausible values of the students. The computations were performed within the framework of a structural equation model, employing the maximum 
likelihood estimation method. For each country and federal state, the root mean square error of approximation (RMSEA) and the standardized root mean square residual (SRMR) were both found to be zero. Three reading literacy subscales and the overall scales for mathe
matics and science were utilized for computing correlations between them. All correlations were found to be significant (p < .001, two-tailed test). 
a The mean correlations between the reading subscales and mathematics or science, as well as between the last two, were computed as follows: The correlation coefficients were transformed into z-values using Fisher’s r-to-z transformation and weighted by the final student 
weights of the countries and federal states. Subsequently, the overall weighted z-means were transformed back to r. 
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Table B5. The correlations between gross domestic product per capita (or its natural logarithm) and Fisher’s z-transformed competence correlation coefficients                   

Relationship between GDPpc or ln(GDPpc) and Fisher’s z of 
Type of relationship and corresponding statistics 

Linear: r Linear: R² Quadratic: R² Cubic: R² Logarithmic: R² 

rMathematics*Science .40/.60 .16/.36 .35/.38 .39/.38a .36/.36 

rMathematics*Access and Retrieve .22/.38 .05/.15 .19/.17 .20/.17a .15/.15 

rMathematics*Integrate and Interpret .30/.51 .09/.26 .25/.30 .29/.30a .26/.27 

rMathematics*Reflect and Evaluate .32/.52 .11/.27 .27/.30 .31/.30a .27/.28 

rScience*Access and Retrieve .36/.51 .13/.26 .26/.27 .28/.27a .26/.26 

rScience*Integrate and Interpret .43/.64 .19/.41 .40/.43 .43/.43a .41/.42 

rScience*Reflect and Evaluate .48/.66 .23/.44 .41/.45 .45/.45a .44/.44 

rAccess and Retrieve*Integrate and Interpret .17/.33 .03/.11 .16/.12 .16/.12a .11/.11 

rAccess and Retrieve*Reflect and Evaluate .27/.36 .07/.13 .13/.13 .13/.13a .13/.13 

rIntegrate and Interpret*Reflect and Evaluate .34/.51 .11/.26 .23/.29 .25/.30a .26/.27 

Note. N = 70 countries and federal states. For Miranda, Shanghai, Himachal Pradesh, and Tamil Nadu, no gross domestic product per capita (GDPpc) at current prices in U.S. dollars was available for the year 2009; therefore, these regions were excluded from analyses. The cor
relation coefficients between the total scales of mathematical and science competence and/or the reading competence subscales across countries and federal states were Fisher’s r-to-z transformed. These z-values were then correlated with GDPpc and its natural logarithm, 
ln(GDPpc). Significant correlation coefficients and R² values (p ≤ .05, two-tailed test) are presented in regular font, whereas non-significant values (p > .05, two-tailed test) appear in italics. To obtain the explained variance (R²), the Fisher z-transformed correlation coeffi
cients were regressed on GDPpc and ln(GDPpc). All statistical analyses were conducted using IBM SPSS Statistics (Version 30). GDPpc in U.S. dollars by countries for 2009 was obtained from the International Monetary Fund, retrieved on October 30, 2025, from 
https://www.imf.org/external/datamapper/NGDPDPC@WEO/OEMDC/ADVEC/WEOWORLD. 
a Due to multicollinearity, as indicated by the tolerance limit being reached, the quadratic term was excluded from the model by IBM SPSS Statistics (Version 30). This resulted in a model comprising only the linear and cubic components. Consequently, the model represents 
a reduced cubic model. 
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Table B6. Fit indices for the one-factor models (1F), the one-factor models adjusted (1F adj.), and the bi-factor models (BiF)                   

Country/ AIC (BIC) Change in AIC (BIC) RMSEA [90% CIRMSEA] SRMR 

statistics 1F 1F adj. BiF 1F–1F 
adj. 

1F–BiF 1F 
adj.–BiF 

1F 1F adj. BiF 1F 1F adj. BiF 

Albania 249,924 248,600 248,563 1,324 1,361 37 .18 .04 .02 .04 .004 .002 

(250,020) (248,703) (248,679) (1,317) (1,341) (24) [.17, .19] [.02, .05] [.00, .04] 

Argentina 259,569 257,387 257,381 2,182 2,188 6 .23 .01 .00 .04 .002 .001 

(259,666) (257,490) (257,497) (2,176) (2,169) (–7) [.22, .24] [.00, .03] [.00, .02] 

Australia 755,327 747,635 747,508 7,692 7,819 127 .26 .03 .01 .04 .003 .000 

(755,441) (747,756) (747,644) (7,685) (7,797) (112) [.25, .26] [.03, .04] [.00, .02] 

Austria 354,241 349,772 349,708 4,469 4,533 64 .34 .05 .04 .04 .003 .002 

(354,342) (349,880) (349,831) (4,361) (4,511) (49) [.33, .35] [.04, .06] [.02, .05] 

Azerbaijan 254,932 254,545 254,474 387 458 71 .10 .05 .04 .04 .011 .005 

(255,028) (254,649) (254,590) (379) (438) (59) [.09, .11] [.04, .06] [.03, .06] 

Belgium 461,635 457,919 457,878 3,716 3,757 41 .21 .03 .01 .03 .003 .001 

(461,740) (458,032) (458,005) (3,708) (3,735) (27) [.20, .22] [.02, .04] [.00, .02] 

Brazil 1,080,845 1,072,227 1,072,019 8,618 8,826 208 .21 .04 .02 .04 .005 .001 

(1,080,964) (1,072,353) (1,072,162) (8,611) (8,802) (191) [.21, .22] [.03, .05] [.01, .03] 

Bulgaria 247,616 246,271 246,248 1,345 1,368 23 .18 .03 .00 .03 .003 .001 

(247,712) (246,373) (246,363) (1,339) (1,349) (10) [.17, .19] [.02, .04] [.00, .03] 

Canada 1,240,790 1,230,909 1,230,794 9,881 9,996 115 .17 .02 .01 .04 .003 .001 

(1,240,910) (1,231,038) (1,230,939) (9,872) (9,971) (99) [.17, .18] [.02, .03] [.00, .02] 

Chile 300,486 297,964 297,955 2,522 2,531 9 .19 .01 .00 .05 .003 .001 

(300,585) (298,071) (298,074) (2,514) (2,511) (–3) [.18, .20] [.00, .02] [.00, .02] 

Colombia 422,950 419,687 419,680 3,263 3,270 7 .22 .03 .04 .05 .004 .003 

(423,055) (419,798) (419,806) (3,257) (3,249) (–8) [.21, .23] [.02, .04] [.03, .06] 

Costa Rica 241,891 239,942 239,868 1,949 2,023 74 .24 .06 .05 .05 .008 .003 

(241,987) (240,045) (239,984) (1,942) (2,003) (61) [.22, .25] [.05, .07] [.03, .07] 

Croatia 266,000 262,771 262,756 3,229 3,244 15 .28 .04 .04 .05 .004 .002 

(266,097) (262,875) (262,873) (3,222) (3,224) (2) [.27, .29] [.03, .05] [.03, .06] 

Czech Rep. 325,715 322,927 322,858 2,788 2,857 69 .22 .04 .02 .04 .005 .001 

(325,815) (323,034) (322,978) (2,781) (2,837) (56) [.21, .23] [.03, .05] [.00, .03] 
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Country/ AIC (BIC) Change in AIC (BIC) RMSEA [90% CIRMSEA] SRMR 

statistics 1F 1F adj. BiF 1F–1F 
adj. 

1F–BiF 1F 
adj.–BiF 

1F 1F adj. BiF 1F 1F adj. BiF 

Denmark 315,153 312,414 312,382 2,739 2,771 32 .23 .03 .03 .04 .003 .002 

(315,253) (312,521) (312,503) (2,732) (2,750) (18) [.22, .24] [.02, .04] [.01, .04] 

Estonia 250,648 248,666 248,618 1,982 2,030 48 .21 .04 .00 .04 .005 .001 

(250,745) (248,769) (248,734) (1,976) (2,011) (35) [.19, .22] [.02, .05] [.00, .03] 

Finland 311,726 309,065 309,051 2,661 2,675 14 .26 .03 .04 .05 .003 .002 

(311,826) (309,172) (309,171) (2,654) (2,655) (1) [.25, .27] [.02, .05] [.03, .06] 

France 233,280 231,112 231,063 2,168 2,217 49 .24 .04 .00 .04 .004 .001 

(233,375) (231,214) (231,177) (2,161) (2,198) (37) [.23, .25] [.02, .05] [.00, .03] 

Georgia 254,240 252,574 252,492 1,666 1,748 82 .16 .04 .02 .05 .007 .003 

(254,336) (252,677) (252,608) (1,659) (1,728) (69) [.15, .17] [.03, .06] [.00, .04] 

Germany 266,752 263,613 263,545 3,139 3,207 68 .33 .05 .01 .04 .004 .001 

(266,850) (263,717) (263,662) (3,133) (3,188) (55) [.32, .34] [.04, .06] [.00, .03] 

Greece 271,858 269,951 269,905 1,907 1,953 46 .21 .04 .02 .05 .005 .001 

(271,955) (270,055) (270,023) (1,900) (1,932) (32) [.20, .22] [.03, .05] [.00, .04] 

Himachal 88,118 87,763 87,707 355 411 56 .19 .08 .05 .05 .017 .006 

Pradesh (88,199) (87,850) (87,804) (349) (395) (46) [.17, .21] [.06, .11] [.02, .08] 

Hong Kong 261,849 259,106 258,975 2,743 2,874 131 .25 .06 .03 .04 .009 .002 

(261,946) (259,209) (259,091) (2,737) (2,855) (118) [.24, .26] [.05, .08] [.01, .05] 

Hungary 244,471 242,279 242,222 2,192 2,249 57 .25 .05 .04 .03 .005 .002 

(244,567) (242,381) (242,338) (2,186) (2,229) (43) [.24, .26] [.04, .07] [.03, .06] 

Iceland 195,553 193,330 193,314 2,223 2,239 16 .27 .03 .03 .05 .003 .001 

(195,646) (193,429) (193,426) (2,217) (2,220) (3) [.26, .29] [.02, .05] [.02, .06] 

Indonesia 273,724 271,715 271,685 2,009 2,039 30 .22 .04 .02 .05 .007 .002 

(273,822) (271,820) (271,803) (2,002) (2,019) (17) [.21, .23] [.02, .05] [.00, .04] 

Ireland 209,005 206,096 206,077 2,909 2,928 19 .32 .04 .03 .05 .003 .001 

(209,099) (206,197) (206,190) (2,902) (2,909) (7) [.31, .33] [.02, .05] [.01, .05] 

Israel 312,953 310,232 310,208 2,721 2,745 24 .24 .04 .05 .04 .003 .002 

(313,053) (310,339) (310,328) (2,714) (2,725) (11) [.23, .25] [.03, .06] [.03, .06] 

Italy 1,672,534 1,655,969 1,655,715 16,565 16,819 254 .20 .03 .01 .05 .005 .001 
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Country/ AIC (BIC) Change in AIC (BIC) RMSEA [90% CIRMSEA] SRMR 

statistics 1F 1F adj. BiF 1F–1F 
adj. 

1F–BiF 1F 
adj.–BiF 

1F 1F adj. BiF 1F 1F adj. BiF 

(1,671,659) (1,656,103) (1,655,865) (15,556) (15,794) (238) [.20, .21] [.02, .03] [.00, .01] 

Japan 331,031 327,582 327,548 3,449 3,483 34 .28 .03 .00 .04 .003 .001 

(331,131) (327,690) (327,669) (3,441) (3,462) (21) [.27, .29] [.02, .04] [.00, .02] 

Jordan 351,402 349,250 349,113 2,152 2,289 137 .21 .07 .06 .04 .011 .004 

(351,504) (349,359) (349,235) (2,145) (2,269) (124) [.20, .22] [.06, .08] [.04, .07] 

Kazakhstan 292,546 290,737 290,736 1,809 1,810 1 .17 .00 .00 .04 .001 .001 

(292,645) (290,843) (290,855) (1,802) (1,790) (–12) [.16, .18] [.00, .02] [.00, .03] 

Korea 266,824 264,711 264,768 2,113 2,056 –57 .24 .11 (.03)a .05b .04 .016 .05b 

(266,922) (264,815) (264,781) (2,107) (2,141) (34) [.23, .25] [.10, .12] 
([.02, .05])a 

[.05, .06]b (.004)a 

Kyrgyzstan 274,203 272,571 272,493 1,632 1,710 78 .20 .05 .04 .05 .008 .002 

(274,301) (272,675) (272,610) (1,626) (1,691) (65) [.19, .21] [.04, .07] [.02, .06] 

Latvia 238,133 236,141 236,136 1,992 1,997 5 .26 .01 .00 .05 .002 .001 

(238,229) (236,244) (236,252) (1,985) (1,977) (–8) [.25, .27] [.00, .03] [.00, .03] 

Liechtenstein 17,760 17,618 17,621 142 139 –3 .28 .06 .10 .05 .005 .006 

(17,817) (17,679) (17,690) (138) (127) (–11) [.24, .32] [.00, .11] [.04, .17] 

Lithuania 240,455 238,325 238,286 2,130 2,169 39 .23 .05 .06 .04 .006 .003 

(240,552) (238,428) (238,401) (2,124) (2,151) (27) [.22, .24] [.04, .06] [.04, .08] 

Luxembourg 249,391 247,393 247,388 1,998 2,003 5 .19 .01 .02 .04 .002 .001 

(249,488) (247,496) (247,504) (1,992) (1,984) (–8) [.18, .20] [.00, .03] [.00, .04] 

Macao 318,482 316,264 315,996 2,218 2,486 268 .19 .08 .01 .05 .013 .001 

(318,583) (316,371) (316,116) (2,212) (2,467) (255) [.18, .20] [.07, .09] [.00, .03] 

Malaysia 268,070 266,562 266,551 1,508 1,519 11 .18 .03 .03 .05 .004 .002 

(268,167) (266,666) (266,669) (1,501) (1,498) (–3) [.17, .19] [.02, .04] [.01, .05] 

Malta 187,024 185,374 185,364 1,650 1,660 10 .21 .04 .04 .04 .002 .002 

(187,116) (185,472) (185,474) (1,644) (1,642) (–2) [.20, .22] [.02, .05] [.02, .06] 

Mauritius 248,357 246,544 246,521 1,813 1,836 23 .21 .04 .03 .04 .004 .002 

(248,454) (246,647) (246,637) (1,807) (1,817) (10) [.20, .22] [.02, .05] [.02, .05] 

Mexico 2,045,482 2,032,735 2,032,395 12,747 13,087 340 .16 .04 .04 .04 .006 .003 
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Country/ AIC (BIC) Change in AIC (BIC) RMSEA [90% CIRMSEA] SRMR 

statistics 1F 1F adj. BiF 1F–1F 
adj. 

1F–BiF 1F 
adj.–BiF 

1F 1F adj. BiF 1F 1F adj. BiF 

(2,045,610) (2,032,872) (2,033,549) (12,738) (12,061) (–677) [.16, .17] [.03, .04] [.03, .04] 

Miranda 158,676 157,942 157,938 734 738 4 .17 .01 .01 .03 .003 .001 

(158,766) (158,038) (158,045) (728) (721) (–7) [.16, .19] [.00, .03] [.00, .04] 

Moldova 281,976 280,404 280,299 1,572 1,677 105 .19 .05 .00 .05 .008 .001 

(282,074) (280,509) (280,417) (1,565) (1,657) (92) [.18, .20] [.04, .06] [.00, .02] 

Montenegro 259,619 256,903 256,763 2,716 2,856 140 .21 .05 .00 .06 .007 .000 

(259,716) (257,006) (256,879) (2,710) (2,837) (127) [.20, .22] [.04, .07] [.00, .02] 

Netherlands 250,581 248,759 248,755 1,822 1,826 4 .20 .03 .04 .03 .002 .002 

(250,678) (248,862) (248,871) (1,816) (1,807) (–9) [.18, .21] [.02, .04] [.02, .05] 

New Zealand 250,340 248,296 248,269 2,044 2,071 27 .23 .04 .03 .03 .003 .002 

(250,436) (248,399) (248,385) (2,037) (2,051) (14) [.22, .24] [.03, .05] [.02, .05] 

Norway 250,058 247,648 247,642 2,410 2,416 6 .25 .01 .00 .05 .002 .001 

(250,154) (247,751) (247,758) (2,403) (2,396) (7) [.24, .26] [.00, .03] [.00, .03] 

Panama 216,273 215,215 215,144 1,058 1,129 71 .15 .04 .02 .04 .007 .002 

(216,367) (215,316) (215,257) (1,051) (1,110) (59) [.13, .16] [.03, .06] [.00, .05] 

Peru 324,611 322,778 322,742 1,833 1,869 36 .21 .03 .01 .04 .005 .001 

(324,712) (322,885) (322,863) (1,827) (1,849) (22) [.21, .22] [.02, .04] [.00, .03] 

Poland 262,956 260,300 260,280 2,656 2,676 20 .21 .03 .03 .05 .005 .002 

(263,054) (260,404) (260,397) (2,650) (2,657) (7) [.20, .22] [.02, .04] [.02, .05] 

Portugal 337,023 334,246 334,142 2,777 2,881 104 .22 .05 .02 .04 .007 .001 

(337,124) (334,354) (334,264) (2,770) (2,860) (90) [.21, .23] [.04, .06] [.00, .03] 

Qatar 491,707 488,862 488,742 2,845 2,965 120 .18 .03 .02 .03 .003 .001 

(491,813) (488,976) (488,870) (2,837) (2,943) (106) [.17, .18] [.02, .04] [.01, .04] 

Romania 252,947 250,844 250,824 2,103 2,123 20 .19 .02 .01 .05 .003 .001 

(253,044) (250,947) (250,941) (2,097) (2,220) (6) [.18, .20] [.01, .03] [.00, .03] 

Russia 285,453 283,230 283,224 2,223 2,229 6 .23 .02 .02 .05 .002 .001 

(285,551) (283,336) (283,342) (2,215) (2,209) (–6) [.22, .24] [.00, .03] [.00, .03] 

Serbia 296,390 293,848 293,835 2,542 2,555 13 .23 .05 .06 .05 .004 .003 

(296,389) (293,954) (293,954) (2,435) (2,435) (0) [.22, .24] [.04, .06] [.04, .08] 
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Country/ AIC (BIC) Change in AIC (BIC) RMSEA [90% CIRMSEA] SRMR 

statistics 1F 1F adj. BiF 1F–1F 
adj. 

1F–BiF 1F 
adj.–BiF 

1F 1F adj. BiF 1F 1F adj. BiF 

Shanghai 277,546 275,010 275,018 2,536 2,528 –8 .24 .07 (.00)a .04b .04 .012 .023b 

(277,644) (275,115) (275,070) (2,529) (2,574) (45) [.23, .25] [.06, .08] 
([.00, .01])a 

[.04, .05]b (.00)a 

Singapore 285,031 282,938 282,931 2,093 2,100 7 .22 .02 .02 .03 .002 .001 

(285,130) (283,044) (283,049) (2,086) (2,081) (5) [.21, .23] [.01, .04] [.00, .04] 

Slovakia 245,342 242,853 242,745 2,489 2,597 108 .26 .06 .05 .05 .007 .003 

(245,439) (242,956) (242,860) (2,483) (2,579) (96) [.25, .27] [.05, .08] [.03, .06] 

Slovenia 327,431 324,647 324,573 2,784 2,858 74 .17 .03 .03 .04 .004 .001 

(327,532) (324,755) (324,694) (2,777) (2,838) (61) [.16, .18] [.02, .04] [.01, .04] 

Spain 1,407,898 1,400,476 1,400,468 7,422 7,430 8 .15 .01 .02 .04 .002 .001 

(1,408,020) (1,400,607) (1,400,615) (7,413) (7,405) (–8) [.14, .15] [.01, .02] [.01, .03] 

Sweden 246,080 243,387 243,368 2,693 2,712 19 .30 .03 .03 .04 .004 .001 

(246,176) (243,490) (243,484) (2,686) (2,692) (6) [.28, .31] [.02, .05] [.01, .05] 

Switzerland 633,981 627,769 627,734 6,212 6,247 35 .23 .02 .00 .05 .002 .001 

(634,091) (627,887) (627,866) (6,204) (6,225) (21) [.22, .24] [.01, .03] [.00, .02] 

Taiwan 313,733 310,878 310,806 2,855 2,927 72 .23 .04 .00 .04 .007 .001 

(313,833) (310,984) (310,926) (2,849) (2,907) (58) [.22, .23] [.03, .05] [.00, .03] 

Tamil Nadu 172,934 171,980 171,913 954 1,021 67 .24 .07 .06 .05 .011 .004 

(173,015) (172,077) (172,022) (938) (993) (55) [.23, .25] [.05, .08] [.04, .08] 

Thailand 331,599 329,496 329,416 2,103 2,183 80 .23 .07 .06 .04 .007 .003 

(331,700) (329,604) (329,537) (2,096) (2,163) (67) [.22, .24] [.06, .08] [.05, .07] 

Trinidad/Tobago 260,473 258,665 258,611 1,808 1,862 54 .22 .05 .03 .04 .004 .001 

(260,570) (258,769) (258,728) (1,801) (1,842) (41) [.21, .23] [.04, .06] [.01, .04] 

Tunisia 269,183 267,753 267,601 1,430 1,582 152 .17 .06 .01 .05 .014 .002 

(269,281) (267,857) (267,719) (1,424) (1,562) (138) [.16, .18] [.05, .07] [.00, .03] 

Turkey 268,097 265,762 265,632 2,335 2,465 130 .27 .07 .02 .04 .011 .001 

(268,194) (265,867) (265,749) (2,327) (2,445) (118) [.26, .28] [.06, .08] [.00, .04] 

United Arab 
Emirates 

584,836 581,142 580,973 3,694 3,863 169 .21 .05 .05 .03 .006 .003 
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Country/ AIC (BIC) Change in AIC (BIC) RMSEA [90% CIRMSEA] SRMR 

statistics 1F 1F adj. BiF 1F–1F 
adj. 

1F–BiF 1F 
adj.–BiF 

1F 1F adj. BiF 1F 1F adj. BiF 

(584,945) (581,259) (581,105) (3,686) (3,840) (154) [.20, .22] [.04, .06] [.04, .06] 

United Kingdom 649,663 644,101 644,082 5,562 5,581 19 .15 .02 .02 .04 .003 .002 

(649,774) (644,219) (644,215) (5,555) (5,559) (4) [.14, .16] [.01, .03] [.01, .03] 

Uruguay 324,111 321,985 321,968 2,126 2,143 17 .19 .02 .00 .05 .003 .001 

(324,211) (322,092) (322,089) (2,119) (2,122) (3) [.18, .20] [.01, .03] [.00, .03] 

USA 276,782 274,001 273,963 2,781 2,819 38 .20 .02 .00 .04 .003 .000 

(276,880) (274,106) (274,081) (2,774) (2,799) (25) [.19, .21] [.01, .04] [.00, .02] 

Overall mean 527,361 
(527,443) 

523,210 
(523,320) 

523,134 
(523,310) 

4,152 
(4,112) 

4,227 
(4,133) 

79c 

(86)c 
.22 .04 .02 .04 .005 .003 

Median 270,521 
(270,618) 

268,852 
(268,956) 

268,753 
(268,871) 

2,221 
(2,214) 

2,269 
(2,249) 

38 
(26) 

.22 .04 .02 .04 .004 .001 

Min. 17,760 
(17,817) 

17,618 
(17,679) 

17,621 
(17,690) 

142 
(138) 

139 (127) –57 
(–677) 

.10 .00 .00 .03 .001 .000 

Max. 2,045,482 
(2,045,610) 

2,032,735 
(2,032,872) 

2,032,395 
(2,033,549) 

16,565 
(15,556) 

16,819 
(15,794) 

340 
(255) 

.34 .11 .10 .06 .017 .05 

Note. The model fit indices of the one-factor model, the adjusted one-factor model, and the bi-factor model are presented. The model estimation was performed separately for each country and federal state using students’ weighted plausible values (ranging from 1 to 5) and 
the maximum likelihood estimation method. The overall mean values of the model fit measures were calculated across all countries and federal states and weighted by the final student weights. 
a The model fit values (i.e., RMSEA, RMSEA90%CI, and SRMR) reported in the parentheses refer to the further adjusted single-factor model, which includes residual correlations between mathematics and science competence as well as between Access and Retrieve and Reflect 
and Evaluate. 
b The model fit values (i.e., RMSEA, RMSEA90%CI, and SRMR) are for the bi-factor model, in which the residual variance of the reading subscale Integrate and Interpret was negative and therefore fixed to zero. 
c The differences in AIC and BIC values between the adjusted one-factor model and the bi-factor model include both positive and negative values. Therefore, the mean of the absolute differences was calculated, using the absolute values of these differences. 
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Table B7. Factor loadings and explained variance for reading literacy subscales, mathematical literacy and scientific literacy in the bi-factor model                   

Country/state Factor loadings (λ) on the general factor (PISA-g) by … Factor loadings on the reading-specific factor (RspecF) by … Percentage of variance explained by 

PISA-g for … PISA-g/RspecF, and in total, for ... 

Math Science AcRe InIn ReEv AcRe InIn ReEv Math Science AcRe InIn ReEv 

Albania .87 .94 .85 .84 .83 .44 .49 .45 75.69 88.36 72.25/19.36/91.61 70.56/24.01/94.57 68.89/20.25/89.14 

Argentina .92 .96 .84 .86 .85 .44 .47 .45 84.64 92.16 70.56/19.36/89.92 73.96/22.09/96.05 72.25/20.25/92.50 

Australia .92 .98 .87 .88 .86 .43 .43 .46 84.64 96.04 75.69/18.49/94.18 77.44/18.49/95.93 73.96/21.16/95.12 

Austria .92 .99 .84 .84 .84 .47 .50 .45 84.64 98.01 70.56/22.09/92.65 70.56/25.00/95.56 70.56/20.25/90.81 

Azerbaijan .57 .85 .72 .75 .69 .63 .53 .56 32.49 72.25 51.84/39.69/91.53 56.25/28.09/84.34 47.61/31.36/78.97 

Belgium .93 .97 .85 .89 .87 .39 .42 .37 86.49 94.09 72.25/15.21/87.46 79.21/17.64/96.85 75.69/13.69/89.38 

Brazil .91 .96 .82 .85 .81 .42 .50 .43 82.81 92.16 67.24/17.64/84.88 72.25/25.00/97.25 65.61/18.49/84.10 

Bulgaria .89 .95 .87 .88 .86 .39 .44 .42 79.21 90.25 75.69/15.21/90.90 77.44/19.36/96.80 73.96/17.64/91.60 

Canada .90 .96 .82 .86 .81 .47 .47 .48 81.00 92.16 67.24/22.09/89.33 73.96/22.09/96.05 65.61/23.04/88.65 

Chile .92 .94 .80 .84 .79 .47 .50 .49 84.64 88.36 64.00/22.09/86.09 70.56/25.00/95.56 62.41/24.01/86.42 

Colombia .89 .93 .78 .82 .79 .49 .54 .51 79.21 86.49 60.84/24.01/84.85 67.24/29.16/96.40 62.41/26.01/88.42 

Costa Rica .91 .92 .79 .82 .78 .44 .56 .46 82.81 84.64 62.41/19.36/81.77 67.24/31.36/98.60 60.84/21.16/82.00 

Croatia .91 .98 .81 .83 .80 .49 .54 .50 82.81 96.04 65.61/24.01/89.62 68.89/29.16/98.05 64.00/25.00/89.00 

Czech Rep. .91 .95 .82 .86 .83 .47 .49 .42 82.81 90.25 67.24/22.09/89.33 73.96/24.01/97.97 68.89/17.64/86.53 

Denmark .87 .97 .80 .85 .81 .49 .48 .50 75.69 94.09 64.00/24.01/88.01 72.25/23.04/95.29 65.61/25.00/90.61 

Estonia .90 .95 .80 .84 .82 .45 .52 .45 81.00 90.25 64.00/20.25/84.25 70.56/27.04/97.60 67.24/20.25/87.49 

Finland .88 .97 .78 .83 .81 .49 .52 .48 77.44 94.09 60.84/24.01/84.85 68.89/27.04/95.93 65.61/23.04/88.65 

France .92 .97 .84 .87 .86 .40 .47 .41 84.64 94.09 70.56/16.00/86.56 75.69/22.09/97.78 73.96/16.81/90.77 

Georgia .86 .93 .80 .79 .80 .52 .57 .48 73.96 86.49 64.00/27.04/91.04 62.41/32.49/94.90 64.00/23.04/87.04 

Germany .93 .97 .84 .85 .85 .45 .49 .44 86.49 94.09 70.56/20.25/90.81 72.25/24.01/96.26 72.25/19.36/91.61 

Greece .87 .94 .78 .81 .79 .49 .55 .47 75.69 88.36 60.84/24.01/84.85 65.61/30.25/95.86 62.41/22.09/84.50 

Himachal Pr. .79 .88 .73 .75 .70 .42 .65 .50 62.41 77.44 53.29/17.64/70.93 56.25/42.25/98.50 49.00/25.00/74.00 

Hong Kong .92 .97 .75 .84 .81 .44 .54 .39 84.64 94.09 56.25/19.36/75.61 70.56/29.16/99.72 65.61/15.21/80.82 

Hungary .93 .97 .87 .87 .85 .47 .44 .42 86.49 94.09 75.69/22.09/97.78 75.69/19.36/95.05 72.25/17.64/89.89 

Iceland .92 .97 .82 .84 .82 .50 .49 .47 84.64 94.09 67.24/25.00/92.24 70.56/24.01/94.57 67.24/22.09/89.33 

Indonesia .88 .91 .71 .76 .69 .47 .59 .51 77.44 82.81 50.41/22.09/72.50 57.76/34.81/92.57 47.61/26.01/73.62 

Ireland .94 .98 .83 .85 .83 .46 .50 .46 88.36 96.04 68.89/21.16/90.05 72.25/25.00/97.25 68.89/21.16/90.05 

Israel .94 .94 .85 .86 .86 .45 .47 .44 88.36 88.36 72.25/20.25/92.50 73.96/22.09/96.05 73.96/19.36/93.32 

Italy .90 .97 .82 .83 .82 .46 .52 .49 81.00 94.09 67.24/21.16/88.40 68.89/27.04/95.93 67.24/24.01/91.25 

Japan .92 .98 .85 .86 .81 .42 .47 .44 84.64 96.04 72.25/17.64/89.89 73.96/22.09/96.05 65.61/19.36/84.97 

Jordan .87 .95 .82 .84 .79 .41 .48 .51 75.69 90.25 67.24/16.81/84.05 70.56/23.04/93.60 62.41/26.01/88.42 

Kazakhstan .90 .93 .82 .83 .80 .49 .48 .47 81.00 86.49 67.24/24.01/91.25 68.89/23.04/91.93 64.00/22.09/86.09 

Korea .91 .96 .80 .82 .81 .33 .57 .36 82.81 92.16 64.00/10.89/74.89 67.24/32.49/99.73 65.61/12.96/78.57 

Kyrgyzstan .89 .91 .81 .80 .79 .49 .55 .44 79.21 82.81 65.61/24.01/89.62 64.00/30.25/94.25 62.41/19.36/81.77 
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Country/state Factor loadings (λ) on the general factor (PISA-g) by … Factor loadings on the reading-specific factor (RspecF) by … Percentage of variance explained by 

PISA-g for … PISA-g/RspecF, and in total, for ... 

Math Science AcRe InIn ReEv AcRe InIn ReEv Math Science AcRe InIn ReEv 

Latvia .89 .95 .80 .82 .78 .50 .53 .51 79.21 90.25 64.00/25.00/89.00 67.24/28.09/95.33 60.84/26.01/86.85 

Liechtenstein .88 .97 .78 .81 .81 .46 .51 .49 77.44 94.09 60.84/21.16/82.00 65.61/26.01/91.62 65.61/24.01/89.62 

Lithuania .91 .96 .83 .85 .83 .43 .49 .48 82.81 92.16 68.89/18.49/87.38 72.25/24.01/96.26 68.89/23.04/91.93 

Luxembourg .91 .97 .85 .87 .86 .44 .44 .43 82.81 94.09 72.25/19.36/91.61 75.69/19.36/95.05 73.96/18.49/92.45 

Macao .85 .94 .76 .78 .78 .48 .61 .45 72.25 88.36 57.76/23.04/80.80 60.84/37.21/98.05 60.84/20.25/81.09 

Malaysia .85 .92 .76 .80 .78 .49 .52 .54 72.25 84.64 57.76/24.01/81.77 64.00/27.04/91.04 60.84/29.16/90.00 

Malta .91 .98 .87 .89 .87 .45 .43 .43 82.81 96.04 75.69/20.25/95.94 79.21/18.49/97.70 75.69/18.49/94.18 

Mauritius .91 .96 .86 .87 .86 .41 .45 .45 82.81 92.16 73.96/16.81/90.77 75.69/20.25/95.94 73.96/20.25/94.21 

Mexico .91 .92 .80 .85 .80 .41 .51 .44 82.81 84.64 64.00/16.81/80.81 72.25/26.01/98.26 64.00/19.36/83.36 

Miranda .89 .92 .83 .86 .83 .41 .44 .45 79.21 84.64 68.89/16.81/85.70 73.96/19.36/93.32 68.89/20.25/89.14 

Moldova .86 .91 .81 .79 .77 .48 .56 .52 73.96 82.81 65.61/23.04/88.65 62.41/31.36/93.77 59.29/27.04/86.33 

Montenegro .90 .96 .81 .82 .78 .49 .57 .49 81.00 92.16 65.61/24.01/89.62 67.24/32.49/99.73 60.84/24.01/84.85 

Netherlands .92 .97 .84 .90 .88 .39 .39 .40 84.64 94.09 70.56/15.21/85.77 81.00/15.21/96.21 77.44/16.00/93.44 

New Zealand .92 .97 .86 .89 .85 .42 .41 .44 84.64 94.09 73.96/17.64/91.60 79.21/16.81/96.02 72.25/19.36/91.61 

Norway .91 .96 .81 .84 .80 .48 .49 .50 82.81 92.16 65.61/23.04/88.65 70.56/24.01/94.57 64.00/25.00/89.00 

Panama .89 .93 .83 .85 .83 .39 .49 .42 79.21 86.49 68.89/15.21/84.10 72.25/24.01/96.26 68.89/17.64/86.53 

Peru .90 .92 .83 .86 .82 .42 .49 .47 81.00 84.64 68.89/17.64/86.53 73.96/24.01/97.97 67.24/22.09/89.33 

Poland .92 .96 .81 .84 .81 .45 .50 .50 84.64 92.16 65.61/20.25/85.86 70.56/25.00/95.56 65.61/25.00/90.61 

Portugal .91 .95 .80 .84 .82 .46 .52 .42 82.81 90.25 64.00/21.16/85.16 70.56/27.04/97.60 67.24/17.64/84.88 

Qatar .91 .96 .90 .89 .88 .37 .41 .38 82.81 92.16 81.00/13.69/94.69 79.21/16.81/96.02 77.44/14.44/91.88 

Romania .89 .96 .83 .83 .81 .49 .50 .51 79.21 92.16 68.89/24.01/92.90 68.89/25.00/93.89 65.61/26.01/91.62 

Russia .90 .93 .79 .83 .81 .49 .53 .50 81.00 86.49 62.41/24.01/86.42 68.89/28.09/96.98 65.61/25.00/90.61 

Serbia .90 .95 .83 .81 .78 .52 .47 .48 81.00 90.25 68.89/27.04/95.93 65.61/22.09/87.70 60.84/23.04/83.88 

Shanghai .93 .95 .77 .86 .75 .36 .51 .39 86.49 90.25 59.29/12.96/72.25 73.96/26.01/99.97 56.25/15.21/71.46 

Singapore .93 .97 .85 .89 .87 .39 .41 .38 86.49 94.09 72.25/15.21/87.46 79.21/16.81/96.02 75.69/14.44/90.13 

Slovakia .91 .96 .81 .82 .83 .49 .55 .47 82.81 92.16 65.61/24.01/89.62 67.24/30.25/97.49 68.89/22.09/90.98 

Slovenia .92 .96 .85 .87 .84 .44 .44 .48 84.64 92.16 72.25/19.36/91.61 75.69/19.36/95.05 70.56/23.04/93.60 

Spain .89 .93 .79 .84 .81 .44 .47 .44 79.21 86.49 62.41/19.36/81.77 70.56/22.09/92.65 65.61/19.36/84.97 

Sweden .93 .97 .82 .85 .84 .49 .48 .46 86.49 94.09 67.24/24.01/91.25 72.25/23.04/95.29 70.56/21.16/91.72 

Switzerland .90 .96 .81 .83 .82 .49 .53 .49 81.00 92.16 65.61/24.01/89.62 68.89/28.09/96.98 67.24/24.01/91.25 

Taiwan .92 .96 .79 .87 .84 .45 .47 .40 84.64 92.16 62.41/20.25/82.66 75.69/22.09/97.78 70.56/16.00/86.56 

Tamil Nadu .90 .87 .75 .76 .77 .42 .58 .48 81.00 75.69 56.25/17.64/73.89 57.76/33.64/91.40 59.29/23.04/82.33 

Thailand .88 .94 .79 .82 .76 .43 .54 .42 77.44 88.36 62.41/18.49/80.90 67.24/29.16/96.40 57.76/17.64/75.40 

Trinidad/Tob. .91 .95 .85 .86 .87 .47 .46 .42 82.81 90.25 72.25/22.09/94.34 73.96/21.16/95.12 75.69/17.64/93.33 

Tunisia .86 .91 .77 .81 .76 .49 .58 .48 73.96 82.81 59.29/24.01/83.30 65.61/33.64/99.25 57.76/23.04/80.80 
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Country/state Factor loadings (λ) on the general factor (PISA-g) by … Factor loadings on the reading-specific factor (RspecF) by … Percentage of variance explained by 

PISA-g for … PISA-g/RspecF, and in total, for ... 

Math Science AcRe InIn ReEv AcRe InIn ReEv Math Science AcRe InIn ReEv 

Turkey .91 .95 .81 .84 .79 .39 .52 .49 82.81 90.25 65.61/15.21/80.82 70.56/27.04/97.60 62.41/24.01/86.42 

UAE .90 .96 .86 .88 .85 .38 .46 .40 81.00 92.16 73.96/14.44/88.40 77.44/21.16/98.60 72.25/16.00/88.25 

UK .92 .97 .85 .88 .85 .42 .44 .44 84.64 94.09 72.25/17.64/89.89 77.44/19.36/96.80 72.25/19.36/91.61 

Uruguay .89 .92 .81 .84 .81 .48 .51 .52 79.21 84.64 65.61/23.04/88.65 70.56/26.01/96.57 65.61/27.04/92.65 

USA .93 .98 .86 .88 .86 .41 .43 .45 86.49 96.04 73.96/16.81/90.77 77.44/18.49/95.93 73.96/20.25/94.21 

Mean .91 .96 .81 .84 .81 .44 .50 .46 82.81 92.16 65.61/19.36/84.97 70.56/25.00/95.56 65.61/21.16/86.77 

Median .91 .96 .82 .84 .81 .45 .50 .46 82.81 92.16 67.24/20.25/88.53 70.56/24.51/96.05 65.61/21.16/89.07 

Min. .57 .85 .71 .75 .69 .33 .39 .36 32.49 72.25 50.41/10.89/70.93 56.25/15.21/84.34 47.61/12.96/71.46 

Max. .94 .99 .90 .90 .88 .63 .65 .56 88.36 98.01 81.00/39.69/97.78 81.00/42.25/99.97 77.44/31.36/95.12 

Note. The terms Math and Science refer to the total scales of mathematical and scientific literacy, respectively. The reading literacy subscales comprise Access and Retrieve (AcRe), Integrate and Interpret (InIn), and Reflect and Evaluate (ReEv). The means of the standardized factor loadings for mathematics, 
science, and the reading subscales, as well as the mean explained variances, were computed using the final student weights for each country. Standardized factor loadings were transformed into z-values using Fisher’s r-to-z transformation and weighted by the final student weights of the countries and 
federal states. Subsequently, the overall z-means of the factor loadings were transformed back to λ. 
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Table B8. Correlations of mathematical, scientific, and reading literacy with reading related student characteristics as well as their comparisons                  

Country Mathematical/Readinga/Science literacy correlated with 

Books Usefulness of strategies for: Use of reading strategies: Reading 

at home 
writing summary understanding/ 

remembering 
control elaboration memorization enjoyment 

Albania .33<.36>.34 .32<.34(>).34 .35<.38(>).38 .24<.32>.28 .13<.15(>).15 .04<.12>.07 .21<.36>.29 

Argentina .39(<).38(>).39 .38<.40(>).41 .31(<).31(>).33 .18<.24>.21 .05(<).03(>).04 –.10(<)–.05(>)–.10 .14<.20>.18 

Australia .36(<).35(>).37 .40<.48>.44 .34<.41>.38 .33<.38>.35 .13(<).11(>).12 .07<.10>.06 .37<.51>.44 

Austria .46<.50(>).50 .43<.49>.44 .35<.44>.38 .14<.17(>).18 .06(<).03(>).10 –.15(<)–.09(>)–.11 .27<.45>.35 

Azerbaijan .14<.27>.21 .14(<).14(>).18 .19<.22(>).25 .14<.21>.15 .11<.14>.10 .04<.11>.06 .12<.22>.13 

Belgium .40<.41(>).42 .48<.55>.51 .45<.51>.47 .23<.30>.27 .04(<)–.00(>).05 –.22(<)–.14(>)–.19 .25<.41>.33 

Brazil .24(<).22(>).24 .34<.37>.36 .32<.34>.33 .19<.26>.22 .00<.04>.02 .04<.11>.07 .11<.22>.17 

Bulgaria .43(<).42(>).41 .40<.44(>).43 .37<.39(>).38 .11<.19>.16 .09(<).08(>).11 –.02<.05>.01 .24<.31>.28 

Canada .33<.35(>).36 .33<.40>.36 .26<.32>.27 .25<.32>.25 .04(<).03(>).05 –.02(<).04(>).–.03 .26<.45>.35 

Chile .35(<).34(>).33 .37<.41>.39 .41(<).42>.40 .23<.29>.27 .10(<).06(>).08 –.02<.06>.04 .19<.29>.24 

Colombia .35(<).33(>).33 .43(<).43(>).43 .42(<).41(>).41 .09(<).10(>).09 .01(<).02(>).03 –.12<–.14(>)–.13 .07<.12>.08 

Costa Rica .31(<).32(>).33 .41(<).41>.38 .28(<).29>.27 .09<.15>.13 .00<–.04>–.00 –.12(<)–.03(>)–.07 .05<.16>.10 

Croatia .31(<).32(>).33 .36<.48>.43 .32<.40>.37 .09<.16(>).15 .02(<)–.02(>).04 –.12(<)–.01(>)–.05 .18<.37>.27 

Czech Republic .40(<).41>.40 .43<.53>.48 .36<.42>.38 .25<.29>.27 .16(<).13(>).18 –.13(<)–.08(>)–.13 .27<.46>.35 

Denmark .33<.37>.36 .33<.45>.38 .35<.43>.37 .12<.20>.16 .07<.10(>).12 –.16(<)–.10(>)–.14 .31<.46>.41 

Estonia .27(<).28(>).30 .33<.43>.37 .32<.39>.35 .09<.18>.14 .11(<).10(>).13 –.13(<)–.07(>)–.13 .27<.46>.34 

Finland .30<.34(>).33 .36<.49>.40 .30<.42>.37 .21<.29>.24 .13(<).14(>).14 –.05(<).03(>)–.06 .31<.52>.43 

France .48(<).49(>).51 .43<.48>.43 .36<.41>.39 .34<.40>.36 .08(<).06(>).09 .02<.10>.05 .31<.46<.39 

Georgia .36(<).33>.30 .34(<).34(>).37 .35(<).35(>).37 .19<.24>.20 .18(<).18(>).18 .07<.13>.07 .25<.38>.32 

Germany .45<.47(>).48 .46<.52>.49 .43<.47>.43 .18<.24>.20 .06(<).01(>).07 –.12(<)–.06(>)–.11 .33<.46>.38 

Greece .35(<).32(>).33 .32<.36(>).36 .20(<).21(>).22 .21<.29>.25 .20(<).13(>).17 –.01<.06>.01 .26<.42>.35 

Himachal Pradesh .06(<).03(>).10 .13<.20>.15 .27<.33(>).32 .23(<).26(>).26 .17(<).12(>).16 .03<.11>.07 .10<.16>.10 

Hong Kong .31(<).30>.28 .34<.37>.35 .30<.34>.32 .31(<).31(>).32 .15(<).10(>).13 .02<.08>.06 .23<.38>.31 

Hungary .55(<).55>.53 .40<.52>.47 .31<.40>.38 .10<.17>.12 .05(<).00(>).04 –.04(<).03(>)–.04 .30<.45>.35 

Iceland .32(<).31(>).33 .35<.45>.39 .31<.36>.31 .23<.27>.23 .16(<).11(>).13 .00(<)–.01(>)–.03 .33<.48>.40 

Indonesia .08<.10(>).09 .37(<).33(>).36 .36(<).33(>).34 .15<.17(>).17 .15(<).13(>).15 .06<.11(>).10 .07<.16>.11 

Ireland .42(<).42(>).42 .39<.43>.40 .36<.38>.36 .26<.31>.29 .11(<).07(>).11 .01<.07>.03 .34<.50>.45 

Israel .29(<).28(>).27 .41<.45>.42 .32<.36(>).35 .14<.21>.18 –.08(<)–.09>–.05 –.12(<)–.06(>)–.09 .15<.29>.21 

Italy .35<.39>.37 .37<.45>.41 .33<.39>.35 .17<.28>.20 .08(<).06(>).07 –.14(<)–.10(>)–.15 .22<.41>.30 

Japan .26(<).23(>).24 .46<.52(>).52 .34<.38(>).39 .32<.34(>).35 .22(<).18(>).22 .02<.07>.06 .24<.40>.35 
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Country Mathematical/Readinga/Science literacy correlated with 

Books Usefulness of strategies for: Use of reading strategies: Reading 

at home 
writing summary understanding/ 

remembering 
control elaboration memorization enjoyment 

Jordan .18(<).16(>).17 .25<.27(>).26 .22(<).23(>).25 .30<.35>.32 .24(<).25>.23 .22<.26>.22 .15<.25>.21 

Kazakhstan .29<.33>.29 .37<.41>.36 .36<.39>.35 .00<.04>–.00 –.08(<)–.08(>)–.08 –.13(<).–.08(>)–.11 .00<.04>.00 

Korea .39(<).35(>).36 .45<.52>.51 .39<.43>.42 .39<.43>.41 .28<.30(>).30 .20<.30>.26 .31<.42>.39 

Kyrgyzstan .36<.38>.33 .36(<).33(>).33 .37(<).36>.34 .04<.10(>).09 –.00<.03(>).03 08.<.12(>).11 .06<.16>.10 

Latvia .31(<).31(>).30 .36<.43>.39 .32<.36>.34 .14<.18>.14 .11(<).05(>).08 –.07(<)–.03(>)–.08 .21<.41>.27 

Liechtenstein .38(<).40(>).41 .41<.52>.42 .35<.47>.38 .08<.24>.14 .03(<).03(>).08 –.16(<)–.05(>)–.14 .18<.42>.30 

Lithuania .37(<).35(>).35 .35<.41>.38 .32<.37>.34 .14<.22>.19 .07(<).04(>).05 –.17(<)–.08(>)–.12 .26<.43>.33 

Luxembourg .47(<).48(>).51 .38<.48>.44 .34<.42>.36 .16<.25>.20 .01(<)–.02(>).04 .00<.09>.04 .26<.42>.34 

Macao .17(<).15(>).15 .26<.29(>).29 .20<.24>.21 .24(<).21(>).22 .23(<).18(>).21 .10(<).10(>).09 .21<.34>.29 

Malaysia .28(<).21(>).21 .35<.38(>).37 .23<.28(>).27 .21<.30>.27 .16<.19(>).19 .19<.31>.28 .16<.30>.23 

Malta .30(<).29(>).30 .36<.39(>).39 .21<.24(>).25 .34<.41>.38 .14(<).11(>).14 .02<.08>.03 .29<.43>.40 

Mauritius .16(<).15(>).14 .46<.48>.46 .32<.34(>).34 .28<.38>.33 .06<.11>.09 –.02<.07>.02 .17<.26>.19 

Mexico .27(<).27(>).28 .41<.43>.41 .35(<).34(>).34 .22<.25>.23 .09(<).07(>).08 –.03(<)–.00(>)–.02 .13<.20>.17 

Miranda .34(<).33(>).33 .38<.41>.38 .28<.33(>).32 .05<.12>.09 –.06(<)–.03(>)–.03 –.09(<).02(>)–.05 .08<.19>.15 

Moldova .29(<).27>.25 .27<.31>.29 .28<.30>.28 .14<.21>.16 .09(<).10(>).09 .04<.09>.06 .05<.15>.09 

Montenegro .33(<).31(>).30 .35<.38(>).38 .34<.40>.37 .05<.12>.07 .03(<)–.01(>).02 –.22(<)–.16(>)–.19 .16<.33>.24 

Netherlands .41(<).40(>).40 .45<.51>.49 .39<.46>.43 .22<.27>.24 .05(<).03(>).07 –.28(<)–.25(>)–.27 .22<.41>.31 

New Zealand .39(<).39(>).39 .41<.49>.44 .35<.39>.35 .29<.34>.27 .03(<).02(>).02 –.03(<).03(>)–.02 .33<.48>.40 

Norway .39(<).37(>).40 .35<.45>.37 .32<.38>.33 .21<.28>.23 .20(<).18(>).20 .00<.04>.02 .32<.47>.37 

Panama .30(<).27>.25 .40(<).38(>).39 .37(<).37(>).39 .13<.16>.14 .04(<)–.02(>)–.01 –.10(<)–.07(>)–.10 .08<.13>.10 

Peru .37(<).37>.35 .39(<).39>.36 .33(<).32(>).32 .06<.09(>).10 –.04(<)–.02>.00 –.19(<)–.18>–.16 .03<.13>.11 

Poland .40<.42(>).41 .41<.47>.44 .28<.33>.31 .21<.29>.24 .08(<).08(>).11 –.03<.07>.02 .28<.44>.34 

Portugal .39(<).36(>).39 .42<.52>.46 .41<.44>.42 .33<.41>.38 .23(<).22(>).25 –.09(<)–.03(>)–.09 .22<.38>.30 

Qatar .15(<).13(>).13 .33(<).31(>).31 .35(<).33(>).35 .26<.28>.26 .02(<).023(>).02 –.05(<).02(>)–.03 .22<.26>.25 

Romania .38<.41>.39 .33<.41>.39 .34<.39(>).38 .15<.25>.20 .07(<).08(>).07 –.02<.08>–.01 .12<.23>.18 

Russia .30<.32>.29 .36<.40>.38 .35<.39>.36 .14<.18>.16 .06(<).04(>).06 –.11(<)–.07(>)–.08 .25<.38>.30 

Serbia .34(<).33(>).34 .41<.47>.43 .37<.40>.38 .12<.14(>).13 .10(<).03(>).08 –.24(<)–.17(>)–.22 .18<.30>.25 

Shanghai .33(<).33(>).32 .36(<).37(>).38 .29<.33>.28 .27(<).27(>).28 .19(<).15(>).20 .03<.05>.034 .24<.35>.29 

Singapore .31<.33(>).33 .40<.47>.46 .29<.31(>).32 .23<.25>.24 .04(<).01(>).04 –.14(<)–.13(>)–.15 .28<.42>.36 

Slovakia .40<.42(>).43 .40<.48>.41 .30<.35>.30 .20<.26>.18 .13(<).10(>).11 –.28(<)–.22(>)–.26 .26<.38>.27 

Slovenia .41(<).40(>).40 .39<.47>.42 .32<.42>.38 .18<.26>.21 .08(<).05(>).08 –.24(<)–.17(>)–.22 .27<.42>.33 
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Country Mathematical/Readinga/Science literacy correlated with 

Books Usefulness of strategies for: Use of reading strategies: Reading 

at home 
writing summary understanding/ 

remembering 
control elaboration memorization enjoyment 

Spain .43(<).41(>).42 .36<.44>.39 .28<.33>.29 .27<.32>.27 .15(<).11(>).12 –.01<.05>–.00 .28<.43>.35 

Sweden .40(<).41(>).40 .41<.47>.43 .37<.44>.39 .22<.26>.20 .16(<).13(>).13 .04<.10>.03 .32<.47>.36 

Switzerland .41<.43(>).43 .43<.52>.45 .41<.50>.45 .15<.27>.19 .02(<).01(>).04 –.15(<)–.06(>)–.11 .26<.48>.36 

Taiwan .35(<).36(>).36 .37<.40>.39 .32<.34>.32 .40<.42>.41 .30<.32(>).32 .17<.24>.21 .34<.47>.43 

Tamil Nadu .05(<).05(>).06 .26(<).15(>).26 .25(<).13(>).21 .18<.19>.14 .14(<).10>.04 –.10(<).00(>)–.09 .19<.29>.22 

Thailand .24<.27>.24 .22<.27>.25 .24<.32>.26 .23(<).24(>).23 .19(<).18(>).17 .22<.26>.21 .16<.28>.24 

Trinidad and Tobago .19(<).17(>).18 .43(<).40(>).40 .39(<).38(>).38 .25<.31>.29 .01(<).02(>).04 .01<.11>.05 .15<.26>.20 

Tunisia .27(<).22(>).21 .22<.25>.22 .22(<).21(>).23 .15<.25>.19 .09<.15>.13 –.10(<)–.02(>)–.07 –.06(<).05>.00 

Turkey .38(<).37(>).36 .33<.39(>).38 .27<.32(>).34 .13<.23>.20 .10<.12(>).12 –.26(<)–.16(>)–.17 .10<.25>.19 

United Arab Emirates .21(<).18(>).18 .38(<).37(>).38 .36<.38(>).39 .19<.26>.22 –.02(<).01>.00 –.15(<)–.07(>)–.10 .18<.29>.26 

United Kingdom .45<.48(>).49 .37<.43>.41 .29<.36>.33 .22<.28>.24 .05(<).04(>).07 –.03(<).01(>)–.01 .31<.47>.39 

Uruguay .36(<).36(>).36 .42<.46>.42 .34(<).34(>).34 .21<.28>.25 .04(<).02(>).04 –.12(<)–.02(>)–.06 .16<.27>.23 

USA .41(<).42(>).42 .32<.39(>).34 .28<.34>.30 .18<.26>.21 –.00(<).00(>).02 –.11(<)–.05(>)–.10 .24<.42>.35 

Overall (abs.) meanb .32/.32/.32 .37/.40/.39 .32/.35/.34 .20/.25/(.22) (.09)/(.08)/(.09) (.09)/(.10)/(.10) (.20)/.33/.26 

Median .35/.34/.33 .37/.43/.39 .33/.37/.35 .20/.26/.22 .08/.07/.08 –.04/.02/–.03 .22/.38/.30 

Min. .05/.03/.06 .13/.14/.15 .19/.13/.21 .00/.04/–.00 –.08/–.09/–.08 –.28/–.25/–.27 –.06/.04/.001 

Max. .55/.55/.53 .48/.55/.52 .45/.51/.47 .40/.43/.41 .30/.32/.32 .22/.31/.28 .37/.52/.45 

Note. Weighted correlation coefficients were estimated from the structural equation models specified separately for each country and federal state. The overall reading, mathematics, and science competence scales were correlated with student characteristics within a structural equation modeling frame
work. To improve model fit, the correlations among the student characteristics were explicitly specified. Due to the presence of missing data among student characteristics, full information maximum likelihood (FIML) estimation was employed. This approach enabled the inclusion of all students in the 
analysis without necessitating casewise exclusion. Significant correlation coefficients (p ≤ .05, two-tailed test) are presented in regular font, while non-significant coefficients (p > .05) appear in italics. The directional hypotheses for the comparison of correlation coefficients are indicated by the use of 
less-than or greater-than signs. When these signs are enclosed in parentheses, the results are non-significant (p > .05, one-tailed test); when parentheses are absent, the results are significant (p ≤ .05, one-tailed test). In instances of negative correlation coefficients, the absolute value of these coeffi
cients was employed for the purpose of conducting a statistical comparison between them. 
a For reading competence, the overall scale with plausible values 1–5 per student was applied. 
b The mean correlations between the PISA competences (reading, mathematics, or science) and reading-related student characteristics were computed as follows: The correlation coefficients were transformed into z-values using Fisher’s r-to-z transformation and weighted by the final student weights of 
the countries and federal states. Subsequently, the overall weighted z-means were transformed back to r. In instances where negative correlation coefficients were observed, the absolute values of these coefficients were utilized to calculate the weighted absolute average correlations, as shown in paren
theses. 
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Appendix C: Figures    

Figure C1. Alternative factor models explaining the correlations among reading literacy subscales, and            
mathematics and science total scores      
Note. The terms Math and Science refer to the total scales of mathematical and scientific literacy, respectively. The subscales of reading literacy are depicted in the factor models: Ac
cess and Retrieve (AcRe), Integrate and Interpret (InIn), and Reflect and Evaluate (ReEv). In all three factor models, the mathematics and science total scale scores (i.e., plausible values) 
and the reading subscale scores (i.e., plausible values) are predicted by a general PISA factor (PISA-g). In the bi-factor model, the reading subscale scores are additionally determined 
by a reading-specific factor (RspecF). The adjusted one-factor model incorporates an additional correlation between the residuals (ε1 and ε2) of the mathematical literacy and science 
literacy total scales, as indicated by the bold double-headed arrow. 
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