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Abstract

The aim of this document is to describe and implement a measurement strategy for the SDG
Thematic Indicators 4.7.4 and 4.7.5 using International Large-Scale Assessments (ILSAs) in
Education. Building on two reports previously published by the Global Alliance to Monitoring
Learning (GAML) describing a proposal of a measurement strategy for these two indicators, we
use items from Programme for International Student Assessment (PISA), Trends in International
Mathematics and Science Study (TIMSS) and the International Civic and Citizenship Education
Survey (ICCS) to fit measurement models, generate scores, and propose a method to establish cut-
off points for these indicators.

This document is divided into four main sections. In the first one, we describe the methods and
tools we used for constructing both the scores to measure each indicator and the cut-off points to
identify the individuals who reach the corresponding targets. The second and the third sections
correspond to the implementation of the proposed methodological procedures for each of the
thematic indicators covered by this document and for their subscales. As a way of summarizing
the full set of scores, the fourth section includes a set of tables showing the average percentage
of students who reach cut-off points set for any sub-scale for each indicator.
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Acronyms and abbreviations

CIVED IEA Civic Education

ESD Education for Sustainable Development

ECV Explained Common Variance

GAML Global Alliance to Monitor Learning

GCED Global Citizenship Education

GRM Graded Response Model

ICCS International Civic and Citizenship Education Study

[EA International Association for the Evaluation of Educational Achievement
ILSA International Large-Scale Assessments

IRT Item response theory

OECD Organisation for Economic Co-operation and Development
SDG Sustainable Development Goals

TIMSS Trends in International Mathematics and Science Study

WLSMV Weighted least square mean and variance adjusted

1PL-GRM  One-parameter graded response model
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Introduction

In September 2015, at the United Nations Sustainable Development Summit, Member States
formally adopted the 2030 Agenda for Sustainable Development in New York. The Sustainable
Development Goals (SDGs) are a call for action by all countries to promote prosperity while
protecting the planet. They recognized that ending poverty must go hand-in-hand with strategies
that build economic growth and address a range of social needs including education, health, social
protection, and job opportunities while tackling climate change and environmental protection.

The Agenda contains 17 goals including a global education goal (SDG4). SDG4 establishes that by
2030 we have to “ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all” and has seven targets and three means of implementation. One of these
targets, 4.7, refers to the knowledge and skills that are necessary for a sustainable future.
Specifically, it states that by 2030, we have to “[...] ensure that all learners acquire the knowledge
and skills needed to promote sustainable development, including, among others, through
education for sustainable development and sustainable lifestyles, human rights, gender equality,
promotion of a culture of peace and non-violence, global citizenship and appreciation of cultural
diversity and of culture's contribution to sustainable development”. SDG Indicator 4.7 has, in turn,
one global and five specific indicators.

Global indicator

471 - Extent to which (i) global citizenship education and (ii) education for sustainable
development, including gender equality and human rights, are mainstreamed at all levels in: (a)
national education policies, (b) curricula, (c) teacher education and (d) student assessment

Thematic indicators
4.7.2 - Percentage of schools that provide life skills-based HIV and sexuality education

4.7.3 - Extent to which the framework on the World Programme on Human Rights Education is
implemented nationally (as per the UNGA Resolution 59/113)

4.7.4 - Percentage of students by age group (or education level) showing an adequate
understanding of issues relating to global citizenship and sustainability

4.7.5 - Percentage of 15-year-old students showing proficiency in knowledge of environmental
science and geoscience

In this document, we focus on the last two thematic indicators (4.7.4 and 4.7.5), which refer to
learning outcomes that are achieved as a result of the educational inputs described in the global
indicator. The main objective of this document is to describe and implement a measurement
strategy for these thematic indicators using data from International Large-Scale Assessments
(ILSAs) in education. To do so, we build on two reports previously published by the Global Alliance
to Monitor Learning (GAML) describing a proposal of a measurement strategy for these two
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indicators' (See also Sandoval-Hernandez et al., 2019). These two reports establish a global
content framework for indicators 4.7.4 and 4.7.5 and carry out a mapping exercise to evaluate the
extent to which the different concepts contained in the framework (i.e. categories and sub-
categories) can be operationalised with the instruments and procedures of existing ILSAs.

The global content framework (see Table 1) is based on the extensive work already conducted by
UNESCO to define and operationalise the Global Citizenship Education (GCED) and Education for
Sustainable Development (ESD); it adopted the definitions and operationalization proposed in
recent documents (e.g. Hoskins, 2016; IBE, 2016; Sandoval-Hernandez & Miranda, 2018; UIS, 2017;
UNESCO, 2012b, 2012a, 2013, 2014, 2015).

" Proposal for a Measurement Strategy for Thematic Indicator 4.7.4 using ILSAs. Available here:
http://gaml.uis.unesco.org/wp-content/uploads/sites/2/2019/08/GAML6-WD-7-Measuring-4.7.4-using-
International-Large-Scale-Assessments-in-Education.pdf

Proposal for a Measurement Strategy for Thematic Indicator 4.7.5 using ILSAs. Available here:
http://gaml.uis.unesco.org/wp-content/uploads/sites/2/2019/05/GAML6-WD-8-Measuring-4.7.5-using-
International-Large-Scale-Assessments-in-Education.pdf
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Table 1. Global Content Framework for SDG indicators 4.7.1, 4.7.4 and 4.7.5

Category Sub-category
Interconnectedness and Global  |Globalization
Citizenship Global/international citizen(ship), global culture/identity/community

Global-local thinking, local-global, think global act local, glocal
Multicultural(ism)/intercultural(ism)

Migration, immigration, mobility, movement of people

Global Competition/competitiveness/globally competitive/international
competitiveness

Global Inequalities/disparities

Gender Equality Gender equality / equallity / parity

Empower(ment of) women/girls (female empowerment, encouraging
female participation)

Peace, Non-violence and Human |Peace, peace-building

Security Awareness of forms of abuse/harassment/violence (school-based
violence/bullying, household-based violence, gender-based violence,
child abuse/harassment, sexual abuse/harassment)

Human Rigts Human rights, rights and responsibilities (children’s rights, cultural rights,
indigenous rights, women’s rights, disability rights)

Freedom (of expression, of speech, of press, of association/organisation),
civil liberties

Social justice

Democracy/democratic rule, democratic values/principles

Health and Well-being Physical health/activity/fitness

Mental, emotional health, psychological health

Healthy lifestyle (nutrition, diet, cleanliness, hygiene, sanitation, *clean
water, being/staying healthy)

Awareness of addictions (smoking, drugs, alcohol)

Sexual and/or reproductive health

Sustainable Development Economic sustainability, sustainable growth, sustainable
production/consumption, green economy

Social sustainability, (social cohesion re sustainability)

Environmental sustainability/environmentally sustainable

Climate change (global warming, carbon emissions/footprint)
Renewable energy, alternative energy (sources) (solar, tidal, wind, wave,
geothermal, biomass...)

Ecology, ecological sustainability (ecosystems, biodiversity, biosphere,
ecology, loss of diversity)

Waste management, recycling

Environmental Science Physical systems

(geoscience) Living systems

Earth and space systems

Global Citizenship Education (GCED)

Education for Sustainable Development (ESD)

Source: Sandoval-Hernandez, Isac & Miranda (2019)

Apart from the categories and sub-categories included in the global content framework, the
mapping exercise also incorporated the three core dimensions proposed by UNESCO to measure
learning outcomes in GCED (UNESCO, 2015): cognitive, socio-emotional and behavioural. These
dimensions are interrelated and are presented below (see Table 2), each indicating the domain of
learning they focus on for the two SDG indicators covered in this report.
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Table 2. Core conceptual learning dimensions for indicators 4.7.4 and 4.7.5

Target4.7.4 Target 4.7.5

To acquire knowledge, understanding and critical
To acquire knowledge, understanding and critical q 8 8

[} . . .
> thinking necessary to encompassing the range of
= thinking about global, regional, national and local issues ) .g v ) p & . g
c . R cognitive processes involved in learning environmental
% and the interconnectedness and interdependency of . R
o R . R science concepts, and then applying these concepts and
different countries and populations. . .
reasoning with them.
©
g
'g To have a sense of belonging to a common humanity, L . i
g X o L To have intrinsic motivation to learn environmental
S sharing values and responsibilities, empathy, solidarity .
. . R R science.
K-] and respect for differences and diversity.
3
(%]
[
.g To act effectively and responsibly at local, national and  To have self-confidence or self-concept in their ability to
8 global levels for a more peaceful and sustainable world. learn environmental science.
]
=]

Source: Adapted from Sandoval-Hernandez, Isac & Miranda (2019)

This mapping exercise identified International Association for the Evaluation of Educational
Achievement (IEA) International Civic and Citizenship Education Study (ICCS) as the most valuable
source of information for SGD indicator 4.7.4, and IEA's Trends in International Mathematics and
Science Study (TIMSS) as the most informative for indicator 4.7.5, with some aspects covered by
the Organisation for Economic Co-operation and Development (OECD) Programme for
International Student Assessment (PISA). These studies were chosen due to their specific
conceptual frameworks that showed the highest coverage of the topics relevant to these two
indicators, as well as their potential to inform long-term monitoring. Two important observations
included in these reports are that these ILSAs can provide high (but not total) coverage for
indicators 4.7.4 and 4.7.5, but they can only be considered as proxy measures; and that the
resulting measures cover only part of the intended population: ICCS and TIMSS are representative
for eight-graders only, while PISA only offers representative information for 15-year-olds.

Thus, in this report, we fit a series of measurement models using items from ICCS, TIMSS and PISA
to generate scores to measure each thematic indicator, thus a score for the cognitive domain of
each thematic indicator, and a series of scores for each of the socio-emotional and behavioural
domains of the sub-categories for each indicator.? In a second step, we propose a method to
establish cut-off points to identify proficiency levels based on each respective score.

2 Although it would have been more straightforward to produce one single score for each thematic indicator,
this was not possible due to the lack of unidimensionality of the constructs. The second preferred option was
to produce three scores for each thematic indicator, one for each learning domain: cognitive, socio-emotional
and behavioural. This, however, was not possible either because of the same reason (i.e. lack of
unidimensionality). So, in this report we produce one cognitive score for each thematic indicator and a series
of scores for the socio-emotional and behavioural sub-categories within each thematic indicator.
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Apart from this introduction, this document is divided into four sections. In the first one, we
describe the methods and tools we used for constructing both the scores to measure each
indicator and the cut-off points to identify the individuals who reach the corresponding targets.
This includes the establishment of proficiency levels, the measurement models, the item-person
maps, the test of unidimensionality, the availability of information and the limitations of the
resulting scores. The second and the third sections correspond to the implementation of the
proposed methodological procedures for each of the thematic indicators covered by this
document and for their subscales. As a way of summary, the fourth section includes a set of tables
showing the average percentage of students who reach the cut-off points set for any sub-scale for
each indicator.
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A. Methods

This section is structured according to the four main steps that we used to construct the scores
and proficiency levels (cut-off points) for the SDG thematic indicators 4.7.4 and 4.7.5, These steps
are: verifying the availability of observed responses to the items proposed by the mapping
exercise described previously (Sandoval-Hernandez et al., 2019), testing the unidimensionality of
the intended constructs, fitting the corresponding measurement model, and estimating the
proficiency levels for each score.

A.1 Availability

The use of item-person maps to establish cut-off scores requires that the depicted parameters
come from a known population. For example, we can use data from a single country as a
calibration sample. The generated realizations of 6, would be then centred to this population
latent mean. Likewise, the cumulative probabilities express in logit scores y;—vYer, Would be
representative of this population. If the calibration sample is a representative sample, then we can
produce an item-person map to make inferences to the represented population. It should be
obvious then, that without observed data from a population, an item-person map cannot be used
to make inferences to this population.

In practical terms, if for a certain country we do not have observed responses to the proposed
items for each thematic indicator, is not possible to know how many people meet the standard.

A.2 Unidimensionality

Unidimensionality refers to the property of the random term 6, to capture the common variance
among a set of responses by a person p, while reaching local independence between the
responses among persons. The main assumption of a response model is to treat a set of responses
as repeated measures and explain these responses by a common source of variance of each
respondent p. Thus, in essence, response models can be understood as special cases of analysis
of variance, where the term 6, is used to represent the propensity of people to respond in a certain
direction (De Boeck & Wilson, 2004). This propensity is understood as abilities, attitudes, traits or
other general constructs, conditional to the content of the items used to elicit the observed
responses. Unidimensionality is a requirement, so a single propensity component is used to
represent the pattern of responses to a set of items. If more than a single random term 6, is
included in the model, that is, when a multidimensional model is required, then the interpretation
of the generated scores of this latter model have a different meaning than that of a unidimensional
model (DeMars, 2013; Koch et al., 2018).

In this document, we used bifactor models to assess unidimensionality. More specifically, we used
a Graded Response Model (GRM) (Samejima, 2016) with a probit link and the weighted least square
mean and variance adjusted (WLSMV) estimator (Luo, 2018), to model responses of ordinal items.
This option is computationally faster, and present negligible differences with full information
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maximum likelihood methods (Forero & Maydeu-Olivares, 2009). Although, graded response
models are different to partial credit models in terms of the expected model probabilities each
model predicts (Rabe-Hesketh & Skrondal, 2012), the results of these two models present
negligible differences regarding their results (see Baker et al., 2000 for an example). This is
particularly true when these models are used to represent the cumulative probability of response
for ordinal variables (idem). Moreover, if these models are specified with constrained 1, — 4,
parameters to unity, thus, making the 6, —6,, parameters and 6_terms the only informative entities
of the model. This model is often referred to as the homogeneous case GRM (Samejima, 2016), or
as the one-parameter graded response model (1PL-GRM) (Gochyyev, 2015). An equivalent model
is the common slope GRM (Paek & Cole, 2020), which constrained 1, — 4, parameters to a single
slope, while constraining the random variance of 6_to unity. This model is a re-parametrization of
the homogenous case and produces the same item thresholds (§,—6,,) and the same loglikelihood
for the modelled responses.

In particular, we used bifactor models (Reise, 2012) to partition the variance of 6, between the
general shared variance and the specific variance from each scale. In practice, if two scales were
constructed as different scores, we would assess whether it is tenable to join these together in a
single score. In practical terms, we used bifactor models to assess if these two collections of items,
or more, shared enough variance. Using the index of Explained Common Variance (ECV) a
collection of responses to a set of items can be considered essentially unidimensional if the
common factor explains 85% of the variance (Toland et al., 2017). Simulation studies suggest that
if 70% of the variance is accounted by a general factor, and 30% by the specific factors of the
model, then reporting scores for the specific scales is more informative than a single score (Quinn,
2014).

To calculate the ECV index, we specified the common slope GRM (Paek & Cole, 2020), constraining
to equality the A, — A, parameters of each factor, while fixing the variance of each 6_to one. This
model is just a re-parametrization of the homogenous case and produces the same item
parameters (8;—6,) and same loglikelihood. We use the following equation to produce this index
(Reise et al., 2013):

T @)

ECV =
TAZ+T A +---+2/1,%n

This is a measure of the strength of the general factor. This index is obtained as the ratio of the
sum of the square of the factor loadings from the general factor, over the sum of the square of all
factor loadings present in the model. The larger this index is, the more variance is explained by a
common attribute than by a set of specific factors among responses. If this index lies between 1
and .9, essential unidimensionality is reached. For binary data, is recommended that if the ECV lies
between .9 and .7 then more information needs to be used than the ECV alone to make a decision
regarding creating a single score or different scores per factor. If ECV is .7 or less, then is advisable
to generate different scores per factor (Quinn, 2014). In general, for Likert type items an ECV larger
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or equal to .85 indicates enough unidimensionality to warrant a single factor model (Stucky &
Edelen, 2015).

In this document, we used parallel analysis (Horn, 1965) as an additional procedure to assess
unidimensionality. This procedure consists of comparing the number of extractable factors in an
observed matrix of correlations, in contrast to the number of extractable factors from different
simulated correlation matrices with similar characteristics of the observed correlation matrix.
Specifically, we implemented the Timmerman & Lorenzo-Seva (2011) version, designed for
polytomous responses. To implement this procedure, we select a random sample of 500 cases
from each participating country and region, conditional to the survey weights each observation
possess. With this random case selection, we can ensure all countries contribute equally to the
parallel analysis This selection of cases for item analysis is a similar procedure used by the OECD
in other large scale assessment studies (OECD, 2014).

A.2.1 Unidimensionality and interpretability of scores

The unidimensionality requirement means a single propensity term is sufficient to represent the
pattern of response across a set of items. If this is not the case, then more dimensions are required
to explain the observed responses. In this scenario, if we use a single model with only a random
term 6,, the specified model would fail to account for the shared variance across a set of
responses. Consequently, the error between the expected responses and the observed responses
would be larger, in comparison to a more complex model.

In the current study, SDG indicators 4.7.4 and 4.7.5 could potentially be represented by a single
score. However, for this score to be interpretable, the unidimensionality requirement should be
fulfilled. Otherwise, a single score would not be interpretable regarding the response pattern.
Moreover, to develop a set of cut-off scores to establish standards that are interpretable over time
(e.g. to subsequent applications of the instruments to other groups), we need a response model
that allows such interpretations (Wilson & Draney, 2002).

There are different ways to assess the dimensionality of a set of responses. In the current report,
we used a model-based approach when possible. In particular and as previously mentioned, we
used bifactor models (Quinn, 2014; Rodriguez et al., 2016) to assess how much variance can be
accounted by a single factor, in comparison to specific factors. Alternatively, scatter plots and
correlations between measures were used when, by design, it was not possible to compute
covariances between items (e.g., rotated booklet designs).

Apart from model estimates, substantive criteria were used to argue in favour or against the
dimensionality and interpretability of scores that summarize responses to a set of items.
Dimensionality analysis alone is not sufficient to ensure the interpretability of generated scores
(Maul, 2017). As important as the common variance between responses is, interpretability of
scores requires responses that are produced by a common construct or attribute (Wilson, 2005).
In this document, this latter criteria was assessed based on the content of the proposed items,
previous empirical research on the topic, and instrument development documentation from the
original studies (M. O. Martin et al., 2016; Schulz, Carstens, et al., 2018). All the proposed items
come from scales that measure defined intended constructs, that is, particular attributes that vary
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over given populations (Cronbach & Meehl, 1955). Consequently, the information available for the
proposed measures is integrated to generate scores and cut-off scores and to allow tenable
interpretations.

A.3 Measurement model

To obtain person and items parameters, we propose to use a latent variable model approach.
More specifically, we propose to use a partial credit model (Masters, 2016). This model allows us
to obtain item and person parameters from items with two categories or more, or from a set of
items with a different number of categories. Formally, this model can be described as follows (see
Wu et al., 2016):

exp Yh—o(6p — 8ir)
Zl=i0 exp Yi—o(0p — Six) (M

PT(Yip =j|9p) =

In this model, the probability of answering an item (Y;,), with a category of response 0, 1, 2, ..., m;
by a person p, depends on the propensity of the response of the person p (6,). For the first category
of response, there is a constraint: ¥3_o(6, — 8y ) = 1. Thus, for the first category of response, the
numerator in equation (1) is 1. The item parameters §;; needed are of one less the number of
response categories for each item. Therefore, if all items are dichotomous, a single § parameter is
estimated per item. However, if all items have four categories of responses, then three §
parameters are estimated for each item.

The following is an example using the items proposed for the indicator category of Gender Equality
in indicator 4.7.4:

Figure 1. Gender Equality items in ICCS 2016

Q24 There are different views about the roles of women and men in society.
How much do you agree or disagree with the following statements?

(Please tick only one box in each row.)

Strongly Strongly
agree Agree Disagree disagree
1S3G24A a) Men and women should have equal opportunities to e01
take part in government. ......ccocciin O. O. O, 0. g
1S3G24B b) Men and women should have the same rights in
B Py e o o e ome o O o O O e
c) Women should stay out of politics. ......cocciiiiiiiininn 0. 0. (A 0. ge04
1S3G24D d) When there are not many jobs available, men should
have more right to a job than women. ........c.ceeeeeeienis : . 0, 0O, ge05
e) Men and women should get equal pay when they are ge03
doing the same Jobs. .......cccoviiiinin 1 O. (m 0.
f) Men are better qualified to be political leaders than 06
WOMEN: coisissnstanisnisntnsanisnssnsssissassmssisssnssnassssssnssnsinns 1 Dz D3 D4 ge
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Students answer their level of agreement to these statements regarding women and men roles in
society. With a partial credit model, we expect to represent the probability of response to each
category. Each category of response for each item can be interpreted as an ordered response
where a higher agreement expresses a higher endorsement of gender equality for items ge01,
ge02 and ge03. Because ge04, ge05 and ge06 are reversed items, the response “Strongly Disagree”
and “Disagree” express a higher endorsement of gender equality from respondents.

Using these items, we can represent the partial credit model as a latent variable model, with the
following diagram:

Figure 2. Latent variable model for Gender Equality items

61 — 9e01

02 — ge02

63]( —> geO3

64-’( —> ge04

Osp — ge05

O — 9e06

In this diagram (see Figure 2), the term 6,, represents the propensity of participants to provide a
category of response of a higher value. To ensure this interpretation, all responses are recoded
from 0 to 3, where higher values imply higher endorsement of gender equality for each item. The
terms &, —8¢, represents the step parameters in the partial credit model (Wu et al., 2016). These
parameters represent where the two item characteristic curves intersect (Masters, 2016). That is,
if we create a plot, where the probability of response is on the y-axis and the logit parameters are
positioned on the x-axis, then the probability function of an item response is depicted as a curve.
These curves would cross at the next category of responses; the §;;,—8¢, marks these points on
the logit scale. Using numerical methods, these parameters can be converted into cumulative
probabilities, y;,—ye, to build item-person maps (Wu et al., 2016). We use the term ¢, to represent
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the variance of 6,, which is freely estimated in this model specification, and we leave 6,, with a
latent mean of zero. Parameters A, —A, are constrained to 1, to conform to a partial credit model.?

A.4 Proficiency levels

Proficiency levels refer to points on a scale used to classify participants between those who have
a given level of capacity, and those who are less likely to have this same level of capacity (Zieky &
Perie, 2006). These points on a scale or cut scores are similar to pass or fail these threshold on a
test. In spite of being an uncommon practice, conceptually cut scores can be defined to establish
levels to other type of attributes, different from academic outcomes such as mathematics,
language or other common proficiency constructs. This is the case because levels of a theoretical
attribute can be modelled for dichotomous and ordered responses (Diakow et al., 2013).

There are different ways in which these points on a scale can be defined. In general, these are
referred to as different standard-setting procedures (Cizek et al., 2004). Popular methods used are
the Bookmark method (Green et al., 2003), Angoff method (Ricker, 2006), and holistic methods
(Torres Irribarra et al., 2015), among others (Zieky & Perie, 2006).

In this document, we followed an item-person map approach (Wyse, 2013). Unlike Bookmark and
Angoff methods, the item-person map approach relies on judgments from experts to set the
standards on scores and might be subject to revision once the results are obtained (Zieky & Perie,
2006). In this document, we propose standards with known results. That is, we build model-based
construct maps (Torres Irribarra et al., 2015; Wilson, 2005) using responses from an ILSA with
representative samples of students. Using the results of these construct maps, we proposed
provisionary cut scores based on the criteria originally used in the corresponding ILSA.

In the following sections, we describe the measurement model we used to build item-person
maps, we describe what item-person maps are and how we used these methodological tools to
set the cut scores to identify the proposed proficiency levels. Additionally, we describe the
characteristic of the measurement models used to produce these item-maps. Finally, we revise
the conditions of responses availability and some limitations of the proposed cut scores.

A.4.1 Item-person maps

Item-person maps are a graphical display that orders items and respondents on a same scale.
These are often called Wright Maps (Wilson & Draney, 2002), item-person maps (Desjardings &
Bulut, 2018), or construct maps (Wyse, 2013). These figures order respondents and items on the
same scale, aiding the interpretation of the location of responses. With these figures, it is easier
to identify which items are more or less likely to be responding in a certain way. These plots can
be created for responses on a test or questionnaire.

To build these figures, latent realizations of the respondents are generated, and item location
parameters are extracted from the model. The two vectors are then plotted, one depicting a
histogram or density of persons, while the second vector locates each response category given by

3 See Appendix | for an example of how to fit this model with MPLUS.
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the model. Then, persons’ responses and items are located on the same scale. Traditionally,
models from the Rasch family are used for these purposes. However, as longs as persons and item
parameters are orthogonal in the measurement model, these item-person maps can be generated
for special cases of the continuation ratio model (Kim, 2016), and the graded response model
(Samejima, 2016). To keep a similar interpretation, the models should have one constraint: no
covariance between items responses and the person locations.

The following is an example of a construct map, using the items proposed to measure the indicator
4.7.4 category of Gender Equality.

Figure 3. item-person map for Gender Equality (ICCS 2016)

20000 -

B IFH_H_H_‘
25 00

Op

T T T
-5.0 25 5.0
response response response response
o category 1 category 2 category 3 category 4
geol+ .
Men and women should have equal opportunities to take part in government.
ge02 4 L] [
Men and women should have the same rights in every way.
~ ge03+ o .
2 Men and women should get equal pay when they are doing the same jobs
[
~
=]
= ge04 - e .
[R] Women should stay out of politics.
ge05 - ° °
[R] When there are not many jobs available, men should have more right to a job than women
ge06 - . °
[R] Men are better qualified to be political leaders than women.
T T T T T
-5.0 -2.5 0.0 25 5.0

Gender Equality

Using a partial credit item response theory (IRT) model, person realizations are generated to create
the first part of the figure, the histogram of 6,,. The second part is the Thurstonian thresholds for
each response categories y;,—Ver. These estimates, y,,—vYer, depict the cumulative probabilities
where each category of response reaches the median probability of response. That is, these
locations demark when it is more likely that a participant has a 50% chance to answer a category
of response or higher (Wu et al., 2016).

At the point 0, on the logit scale of the figure, we find the “most likely” response pattern. Items
ge01-ge03 are Likert type items, where students rate their level of agreement to each affirmation
presented in this figure. The response categories presented for each item were Strongly Disagree,
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Disagree, Agree, and Strongly Agree. Items ge04-ge06 are reverse items. Thus, students who highly
endorse gender equality would respond Disagree or Strongly Disagree to these given items.

Students with zero logit score have a 50% chance of strongly agreeing with items ge01, ge02 and
ge03 and strongly disagreeing with items ge04, ge05, and ge06. Students with a logit score of about
-2 have 50% chances of agreeing with items ge04, ge05, and ge06; which all express a low level of
or no gender equality endorsement.

The requirements to build similar a figure includes the use of a unidimensional measurement
model,* where persons and items parameters are orthogonal terms in the model. To use this
approach and make inferences to a population, the modelled responses should come from a
known population. With these two requirements, it is possible to infer which responses are most
likely, less likely, and which ones occur the most often from a given population. This is possible
because the item locations of a response category can be converted into the expected probability
of a response.

A.4.2 Inferences with subsequent applications of the instruments

It is not possible to use a single country’'s item-person map to make inferences about another
country. ltem-person maps express how logit scores are tied to the expected pattern of responses
from a sample. However, it is possible to use the parameters obtained from a new application of
the instrument to evaluate the extent to which the parameters obtained from this new application
are similar to the calibration sample. That is, we can locate the new application within the
distribution generated from the model, using information from the calibrated sample. By using
the parameters of the items, we can generate realizations of 8,. If the two samples are very similar,
then the latent means for both groups should be close to zero. If the new application presents a
higher level of interest, then the latent mean of 6, in the new one should be larger than zero.

In practical terms, if we used the full set of available responses from ICCS 2016 to obtain the
parameters for Gender Equality, for example, then all other future applications of the items could
be compared to the represented calibration sample.

In this exercise we assume that, under reasonable assumptions, the parameters resulting from
two different applications are comparable, including the presence of invariant properties within a
model. In this case, that a given set of parameters from a measurement model can be used for a
second application of the same instrument to generate realizations of 6,,. So, if we assume that
the instrument is applied to a sample of the same population, then generating additional
realizations of 6, using the parameters of the original application will result in the same
interpretations of scores.

41t is also possible to build Wrightmaps with more measurement dimensions, including person and raters (see
Engelhard & Wind, 2018), and for multidimensional models. However, these special cases are not applicable for
the intended purpose of the current report.
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A.4.3 Limitations of the provisional cut scores

In very simple terms, setting cut-off scores consists of choosing a point within a distribution that
separates observations above a threshold from those below. As such, this threshold should
correspond to a meaningful interpretation regarding the level of the attribute that is being tested.
For example, in an ability test, this threshold should represent a pass or fail. Yet, reaching
consensus on standards to assess where this threshold should be placed is a much more
complicated matter. The critical requirement for a threshold within a distribution to become a
standard is to establish a consensus among the users of these scores. When this consensus is
reached, then one can expect this standard to be use in decision-making. However, if there is no
consensus among users, then a cut-off score can hardly represent a standard to be used by users.
The present document only discusses how to choose a cut-off score in a provisional manner; it
does not propose a procedure to set a consensus among the users of the scores.

Several aspects of the proposed cut-off scores presented in this document can be subject of
debate. First, the chosen cut-off score should be interpretable (Cizek et al., 2004). That is, we
should be able to establish that participants above and below a threshold are different (or possess
a different level of the attribute being tested). Moreover, we should be able to express what this
difference means, and why it is relevant. In this document, we did not seek for agreement among
potential users of the scores to establish the cut-off scores; instead, we used to item-person maps
to establish the thresholds of the scales we generate. For this reason, their interpretation is limited
to statistical criteria. So, the main limitation of the method proposed here relates to the lack of a
content related interpretation of the cut-off scores>.

If cut scores are intended to be used as a standards, it is desirable these could be used for future
applications of the instruments (Wilson & Draney, 2002). If countries will use these cut-off scores
as standards to monitor the achievement of SDG targets, then indicators should be comparable
over time. In this report, we proposed the use of latent variable models to generate the scores.
This option facilitates locating responses on the same scale to enable comparisons over time. That
is, as long as there are enough anchor items (i.e. common items between applications), it is
possible to produce comparable scales using data from different applications. However, it is
important to consider that a low number of anchored items will result in a large linking error.

In summary, the proposed methods enable the interpretation of cut-off scores and allow to score
responses on the same scales over time. However, producing cut-off scores that are interpretable
in relation to the content of the items, cannot be achieved solely on the basis of the procedures
described in this document. Producing content related cut-off scores would require users and/or
experts to revise the content of the items included in each scale to agree on the standards that
should be used for monitoring the SDG indicators. Nevertheless, if experts/users were going to
discuss and agree on content-related standards for monitoring the SDG indicators, the resulting
cut-off points could be located in the scales produced with the methodology proposed in this
report.

> Itis important to say that because the items belonging to the ILSAS’ cognitive tests are not publicly available;
it would have not been possible to establish cut-off scores with content-related interpretations (i.e. there is
no information available to feed into such a discussion)
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B. SDG thematic indicator 4.7.5

B.1 The selected items

The thematic indicator 4.7.5 refers to Percentage of 15-year-old students showing proficiency in
knowledge of environmental science and geoscience. In general terms, this indicator taps into
Education for Sustainable Development (ESD). In previous documents (Sandoval-Hernandez et
al., 2019) this was described as:

Education for Sustainable Development (ESD): empowers learners to take informed
decisions and responsible actions for environmental integrity, economic viability and a just
society, for present and future generations, while respecting cultural diversity. It is about
lifelong learning and is an integral part of quality education.

The operationalization of this indicator includes different items from the TIMSS 2015 TIMSS 2015.6
The items selected to operationalize the cognitive domain of indicator 4.7.5 include items from the
physics, biology and earth science tests.

Additionally, the socio-emotional and behavioural domains of this thematic indicator include items
form the background questionnaires related to the motivation of students towards these
disciplines and their self-efficacy on each of these subjects.

In total, the selection accounts for a total of 152 different items (see Table 3).

Table 3. Source of selected items to measure indicator 4.7.5

Constructs Number of items

a)  Physics 10
b) | Biology 34
¢) Earth Science 56
d) | Students Like Learning Physics 9
e) Students Like Learning Biology g
f) | Students Like Learning Earth Science 9
g) Students Confident in Physics 8
h) | Students Confident in Biology 8
i) = Students Confident in Earth Science 8
Total 152

Instruments “a” to “c” contain mostly dichotomous items, which are scaled in TIMSS 2015 using an
IRT model (M. O. Martin et al., 2016). We labelled this collection of items as test items. The items
contained in “d" to “i", are Likert type items and were scaled using a partial credit model, producing

6 See https://timssandpirls.bc.edu/
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an IRT score for each item collection (M. O. Martin et al., 2016). We labelled this collection of items
as questionnaire items.

Within the SDG framework, the selected items represent the indicator category Environmental
Science and the sub-categories Physical Systems, Living systems, and Earth and Space Systems
(see Table 4 and Sandoval-Hernandez et al., 2019, p. 9).

Table 4. Mapping of TIMSS 2015 scales into the indicator categories

Category (indicator) Test item collections Questionnaire item collections

Environmental Science Students Like Learning Physics

(geoscience)

Physics
Students Like Learning Biology

Students Like Learning Earth
Environmental Science . Science

. Biology
(geoscience)

Students Confident in Physics

Students Confident in Biology

Environmental Science Earth Science
(geoscience) Students Confident in Earth
Science

Item collections from Physics, Biology and Earth Science are considered “cognitive” items in the
“Proposal for a Measurement Strategy for Thematic Indicator 4.7.5 using International Large-Scale
Assessments in Education” report (Sandoval-Hernandez et al., 2019). While the rest of the items
are classified as “non-cognitive” (i.e. socio-emotional and behavioural) in the same document. In
the present document, these two groups of items will be treated differently. That is, we did not
assume unidimensionality for cognitive and non-cognitive items at once. Despite being
categorized in the same indicator category, these two groups of items are not aimed to produce a
single interpretable score. The first collection of items assess proficiency to answer questions of
Physics, Biology and Earth Science and consists of measures of maximal performance (Cronbach,
1984). In contrast, the second group of items are instruments designed to capture self-reports of
students regarding their enjoyment and self-efficacy in Physics, Biology and Science, respectively.
These latter constructs are different from the academic ability on each discipline (Yeager & Lee
Duckworth, 2015).

B.2 SDG4 indicator 4.7.5 cognitive items

The content domains of the selected cognitive items are different. This includes Physics, Biology
and Earth Science (Mullis & Martin, 2017). Although, all of these items refer to relevant knowledge
to understand the environment. Before assessing the unidimensionality of the responses in the
next section, we assess their availability.
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Table 5. Selected test items to measure indicator 4.7.5

Constructs Number of items

a) | Physics 10
b) | Biology 34
¢) Earth Science 56

B.2.1 Availability

The selected items were answered, on average, by 13% of the participants in TIMSS 2015. This is
the case because of TIMSS 2015 design, where block rotated items booklets are used (Rutkowski
et al., 2010) To be precise, students answer one booklet out of 14 different booklets available (Foy,
2017).

B.2.1 Unidimensionality

Considering the block rotated design, there is a considerable amount of missing data by design
and, therefore, it is not possible to estimate a covariance matrix for each pair of items. This is an
obstacle to fit a bifactor model in a traditional way. However, there is a descriptive alternative to
assess unidimensionality, namely, to evaluate if there is enough correlation between the selected
items and the content domain IRT scores estimated by IEA as part of their normal scaling
procedures. If there is a high correlation between the IRT scores generated with these collections
of responses, then one can assume unidimensionality between the items. The overall correlation
between theses scores varies between .90 and .91.
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Figure 4. Scatter plot between Physics, Biology and Earth Science IRT scores
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B.2.2 Proficiency classifications
To classify students as “showing proficiency in knowledge of environmental science and
geoscience”, we followed two strategies:

a) Classification of students above a threshold, using the IRT scores presented in TIMSS 2015
for Science (i.e. total score in science)

b) Classification of students above a threshold, using a unidimensional partial credit model
for the selected items according to the mapping exercise in Sandoval-Hernandez, et al.
(2019)

As mentioned before, the selected items for the cognitive component of indicator 4.7.5 are from
the Physics, Biology and Earth Science tests and, therefore, are not public items. As such, the
interpretability of item-person maps is limited under this condition. So, to identify a cut-off score
that captures “proficiency in knowledge of environmental science and geoscience”, we used the
TIMSS 2015 anchored benchmark at 550 (Mullis et al., 2016).

At 550 points, students have 50% chances to, for example, “Explains why birds of prey cannot
survive in an environment without plants”. In more general terms, students at this level can:

[...] apply and communicate their understanding of concepts from biology, chemistry,
physics, and Earth science in everyday and abstract situations. Students apply knowledge
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of cells and their functions and of the characteristics and life processes of organisms. They
communicate their understanding of ecosystems and the interaction of organisms
with their environment and apply some knowledge of human health related to nutrition
and infectious disease. Students show some knowledge and understanding of the
composition and properties of matter and chemical change. They apply basic knowledge
of energy transformation and transfer and of light and sound in practical situations and
demonstrate their understanding of simple electrical circuits and properties of magnets.
Students apply their knowledge of forces and motion to everyday and abstract situations.
They apply knowledge of Earth's physical features, processes, cycles, and history,
and show some understanding of Earth's resources, their use, and conservation as
well as some knowledge of the interaction between the Earth and the Moon. Students
demonstrate some scientific inquiry skills, including selecting and justifying an appropriate
experimental method. They combine and interpret information from various types of
diagrams, graphs, and tables; select relevant information to analyse and draw conclusions;
and provide short explanations conveying scientific knowledge (Mullis, I. V. S., Martin, M.
0., Foy, P., & Hooper, 2016).

B.2.2.1 Proficiency Levels using the TIMSS 2015 IRT scores of Science (i.e. total score in science)
To classify students between those reaching the expected level of proficiency, we use the variable
"BSSIBM@1 " available in TIMSS 2015 public use file. This is the first plausible value of the IRT science
scores, recoded to classify students between the different international benchmarks. This variable
presents five values, classifying students at different proficiency levels. The last two higher values
were recoded as one while leaving the rest of the values as zero.

Table 6. TIMSS 2015 international benchmark variable codes

Value Recode Description

1 0 Student performed below the Low International Benchmark

5 0 Student performed at or above the Low International Benchmark, but
below the Intermediate International Benchmark

3 0 Student performed at or above the Intermediate International
Benchmark but below the High International Benchmark
Student performed at or above the High International Benchmark but

4 1 :
below the Advanced International Benchmark

5 1 Student performed at or above the Advanced International Benchmark

Taylor Series Linearization is used to estimate the variance of the parameters, using pseudo strata,
and primary sampling units’ indicators. Proportions were estimated for all students reaching the
High International Benchmark or above, for equally weighted countries, using senate weights
scaled up to 1000 for each country.
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Table 7. Percentage of students meeting the indicator 4.7.4 based on the IRT scores
Benchmark for Science in TIMSS 2015 (i.e. total score in science)

Country or Region Percentage Lower limit Upper limit
Morocco 0.03 0.03 0.04
Buenos Aires, Argentina 0.04 0.03 0.05
South Africa 0.05 0.03 0.07
Egypt 0.05 0.04 0.06
Botswana 0.05 0.05 0.06
Saudi Arabia 0.06 0.04 0.08
Lebanon 0.06 0.05 0.08
Jordan 0.10 0.08 0.11
Georgia 0.10 0.09 0.12
Kuwait 0.10 0.08 0.13
Chile 0.12 0.10 0.13
Thailand 0.12 0.10 0.16
Armenia 0.15 0.13 0.17
Iran, Islamic Rep. of 0.15 0.12 0.18
Oman 0.16 0.15 0.18
Abu Dhabi, UAE 0.21 0.17 0.24
Malaysia 0.21 0.19 0.23
Qatar 0.21 0.20 0.23
Bahrain 0.23 0.21 0.24
Italy 0.25 0.23 0.27
Norway 0.26 0.25 0.28
United Arab Emirates 0.27 0.25 0.28
Malta 0.27 0.26 0.29
Turkey 0.29 0.26 0.32
Australia 0.34 0.31 0.36
New Zealand 0.36 0.33 0.39
Lithuania 0.36 0.34 0.39
Israel 0.37 0.34 0.40
Ontario, Canada 0.38 0.35 0.41
Canada 0.39 0.36 0.41
Quebec, Canada 0.40 0.35 0.44
Sweden 0.41 0.37 0.44
Kazakhstan 0.42 0.38 0.46
Hungary 0.42 0.39 0.45
United States 0.42 0.39 0.45
Ireland 0.43 0.40 0.46
Dubai, UAE 0.44 0.41 0.46
England 0.45 0.41 0.50
Russian Federation 0.49 0.45 0.52
Hong Kong, SAR 0.52 0.48 0.56
Slovenia 0.52 0.50 0.54
Korea, Rep. of 0.54 0.52 0.56
Chinese Taipei 0.63 0.61 0.65
Japan 0.63 0.61 0.65
Singapore 0.74 0.71 0.77
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We used a single plausible indicator for simplicity. Point estimates between plausible values vary
maximum by .01; thus, if the five plausible values were used, the confidence interval would be
expected to vary by a slightly larger error.

B.2.2.2 Proficiency Levels using the TIMSS 2015 selected items according to the mapping exercise
Given the rotated block design, the selected items to measure indicator 4.7.5 have observed
responses, on average, from 13% of the nominal sample of TIMSS 2015. Assuming missing at
random, the IRT model can generate values for 6, and estimate y; -y, locations, conditional to
6,. We fit a graded response model’ (Samejima, 2016), with parameters 1 constrained to 1. Thus,
item parameters and person parameters are orthogonal. We use Taylor Series Linearization for
variance estimation, using pseudo strata, and primary sampling unit indicators, for equally
weighted countries using survey weights scaled up to 1000 for each participating country. Person
realizations are generated as Expected a Posteriori values.

Because selected items cannot be inspected, a content judgment cannot be made for the selected
items using the item-person map. Alternatively, we chose a similar distance from the latent mean
as a cut-off score from the previous proficiency level. The High International Benchmark is located
at half a standard deviation from the international scale (50 points). The fitted model presents a
variance of .903 in the logit scale, thus having a standard deviation of .951 logits. Therefore, the
expected location of half a standard deviation from the latent mean is at .475 logit scores. The
chosen threshold is presented in the next figure.

7In the selected items, there are six items with partial credit scores. MPLUS v8.3 can't fit a partial credit score
model for a mix of items with a mix of 2 and 3 categories. It is possible to replicate this same procedure with
a different software. However, given the ability of MPLUS to fit latent variable models, while including the
survey weights design, a graded response model was preferred.
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The proposed threshold distinguishes among all participant who presents similar levels of ability
of the High International Benchmark for TIMSS 2015 on the selected items for Science. Estimates
of what proportion of students are at the expected level are presented in the next table.
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Table 8. Percentage of students meeting the indicator 4.7.5 based on the IRT scores of
selected items of Science in TIMSS 2015 according to the mapping exercise

Country or Region Percentage Lower limit Upper limit
South Africa 0.05 0.04 0.07
Egypt 0.06 0.05 0.07
Botswana 0.07 0.06 0.08
Saudi Arabia 0.07 0.06 0.09
Morocco 0.07 0.07 0.08
Lebanon 0.10 0.08 0.1
Jordan 0.11 0.10 0.13
Kuwait 0.12 0.10 0.15
Buenos Aires, Argentina 0.13 0.11 0.14
Georgia 0.13 0.12 0.14
Thailand 0.16 0.14 0.19
Oman 0.17 0.16 0.19
Chile 0.18 0.16 0.20
Iran, Islamic Rep. of 0.18 0.16 0.20
Abu Dhabi, UAE 0.19 0.17 0.21
Qatar 0.20 0.19 0.22
Malaysia 0.21 0.19 0.22
Bahrain 0.21 0.20 0.23
Malta 0.24 0.22 0.25
United Arab Emirates 0.24 0.23 0.25
Armenia 0.24 0.22 0.26
Turkey 0.25 0.22 0.27
Italy 0.31 0.29 0.32
Norway 0.33 0.31 0.34
Australia 0.34 0.32 0.36
Israel 0.34 0.32 0.37
Lithuania 0.35 0.33 0.37
New Zealand 0.36 0.34 0.39
Dubai, UAE 0.36 0.34 0.39
Kazakhstan 0.37 0.33 0.40
Ontario, Canada 0.37 0.35 0.40
Hungary 0.38 0.36 0.41
Ireland 0.39 0.37 0.41
Canada 0.39 0.37 0.41
England 0.39 0.36 0.43
United States 0.40 0.38 0.43
Sweden 0.41 0.38 0.43
Quebec, Canada 0.42 0.39 0.46
Hong Kong, SAR 0.45 0.41 0.48
Russian Federation 0.45 0.42 0.48
Korea, Rep. of 0.45 0.43 0.47
Japan 0.49 0.47 0.51
Slovenia 0.50 0.48 0.52
Chinese Taipei 0.55 0.53 0.57
Singapore 0.59 0.56 0.61
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The correlation between the scores produced with the two approaches (i.e. scores from the
selected items and the total TIMSS Science scores) is very high. Itis estimated at 1, and if we regress
the IRT scores of Science on the IRT scores of Science (selected items), we observed a beta
coefficient of .75 in its standardized scale. We can therefore conclude that using the scores
estimated with the selected items according to the mapping exercise constitutes a reliable option.
The next figure depicts the relationship between these two scores (see Figure 6).

Figure 6. Scatter between Science IRT scores from TIMSS 2015
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B.3 SDG4 indicator 4.7.5 Non-cognitive items

The selected items for this domain comprise a total of 51 items. These different items were used
to generate IRT scores representing six different constructs (Michael O Martin & Foy, 2016). Three
of these constructs (d, g and f) represent the students’ enjoyment of learning Physics, Biology, and
Earth Science. Similarly, the other three constructs (g, h and i) represent students’ confidence in
their knowledge of Physics, Biology, and Earth Science (see Table 9).

Table 9. Selected non-cognitive items to measure indicator 4.7.5

Constructs Number of items

d) Students Like Learning Physics 9
e) | Students Like Learning Biology 9
f) | Students Like Learning Earth Science 9
g) | Students Confident in Physics 8
h) | Students Confident in Biology 8
i) | Students Confident in Earth Science 8

Total 51

B.3.1 Availability

Out of the total sample of TIMSS 2015, on average, 17% cases present responses to all these items.
These items were answered by some countries only including Georgia, Hungary, Kazakhstan,
Lebanon, Lithuania, Malta, Morocco, Russian Federation, Slovenia and Sweden (Michael O Martin
& Foy, 2016). In contrast, the scales of enjoyment of learning science and students’ confidence in
their science knowledge, in general, present a larger coverage across countries (see Table 10). Out
of the 46 countries and regions that participated in TIMSS 2015, 76% of these have responses on
liking the learning of science and self- report measures of students’ confidence in their science
knowledge.
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Table 10. Countries and Regions with available responses on enjoyment in learning and
students’ confidence in their scientific knowledge

. - . . Earth
Country or Region Science Physics Biology Science
Australia yes no no no
Bahrain yes no no no
Armenia no yes yes yes
Botswana yes no no no
Canada yes no no no
Chile yes no no no
Chinese Taipei yes no no no
Georgia no yes yes yes
Hong Kong, SAR yes no no no
Hungary no yes yes yes
Iran, Islamic Rep. of yes no no no
Ireland yes no no no
Israel yes no no no
Italy yes no no no
Japan yes no no no
Kazakhstan no yes yes yes
Jordan yes no no no
Korea, Rep. of yes no no no
Kuwait yes no no no
Lebanon no yes yes no
Lithuania no yes yes yes
Malaysia yes no no no
Malta no yes yes yes
Morocco no yes yes yes
Oman yes no no no
New Zealand yes no no no
Norway yes no no no
Qatar yes no no no
Russian Federation no yes yes yes
Saudi Arabia yes no no no
Singapore yes no no no
Slovenia no yes yes yes
South Africa yes no no no
Sweden no yes yes no
Thailand yes no no no
United Arab Emirates yes no no no
Turkey yes no no no
Egypt yes no no no
United States yes no no no
England yes no no no
Norway (8th grade) yes no no no
Dubai, UAE yes no no no
Abu Dhabi, UAE yes no no no
Ontario, Canada yes no no no
Quebec, Canada yes no no no
Buenos Aires, Argentina yes no no no
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Considering the presented scenario, we alternatively propose the “Students Like Learning Science”
and “Students Confident in Science” as complementary indicators of the SDG indicator 4.7.5.

Table 11. Alternative survey items to measure indicator 4.7.5

Constructs Number of items
9

j) | Students Like Learning Science

k) | Students Confident in Science
Total 17

B.3.2 Unidimensionality

We fitted a common slope GRM (Paek & Cole, 2020) with a probit link, using the WLSMV estimator.
We relied on Taylor Series Linearization to get corrected standard errors including clusters and
pseudo strata indicators (Stapleton, 2013). Survey total weights were scaled to 1000 for each
country and region, so each representative sample contributes equally to all estimations. We
specified a bifactor model, where all item responses are conditioned by a general common factor,
with two additional factors to account for the responses to the “Students Like Learning Science”
items, and the responses to the “Students Confident in Science” items.

The general factor accounts for 69% of the variance (ECV = .69 CI95% [.68, .69]). Thus, it is not
advisable to represent responses to all these items into a single score due to a loss of information.
We fit a two-factor model, using the same model parametrization. These two factors have a
correlation of .72 (SE=.03, p <.001). Although these are two highly correlated factors, the results of
these analyses provide evidence to consider these two collections of items as different constructs.

In other words, the enjoyment of learning science is a different construct than that of student’s
self-evaluation regarding their scientific knowledge. The first expresses if students have a positive
inclination towards the school subject of science (Osborne et al., 2003) or the extent to which
students like learning science. In contrast, student’s science self-efficacy consists of how students
assess themselves regarding their competence in science (Wigfield et al., 2015). These are beliefs
held by students regarding their capabilities or expectations of personal mastery (Bandura, 1977).

B.3.3 Measurement Models

Considering the availability of responses of students among different participating countries and
regions, and the dimensionality between the proposed measures, we assess the enjoyment levels
and students’ self-efficacy levels as two separate constructs.

Table 12. Mapping of TIMSS 2015 motivation scales into the indicator categories

Category (indicator) Item collections

Environmental Science (socio-emotional) | Students Like Learning Science

Environmental Science (behavioural) Students Confident in Science
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These two measures are presented separately in the following section.

B.3.4 Proficiency classification

The proficiency classification exercise, or establishment of cut-off points, is organised according
to the non-cognitive conceptual learning dimensions established for SDG indicators 4.7.4 and
4.7.5: socio-emotional and behavioural (see Table 2).

B.3.4.1 Proficiency classifications of Environmental Science (socio-emotional)
The items measuring Environmental Science (socio-emotional) are presented in the next figure.

Figure 7. Students Like Learning Science items in TIMSS 2015 for eighth-grade students
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Note: [R] = are reverse score items. sm1-sm9 = variable names assigned to the responses to these items.

A partial credit model for equally weighted countries, using senate weights scaled up to 1000 for
each country fitted. Taylor Series Linearization is used to estimate the variance of parameters,
using pseudo strata, and primary sampling unit indicators. Person realizations are generated as
Expected a Posteriori, and delta parameters are converted into Thurstonian thresholds.

The proposed threshold is presented in the following item-person map and is located at the
highest category of response, after item sm6 (“I look forward to learning science in school”).
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Figure 8. Item-person map for Students Like Learning Science
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The proposed threshold distinguishes among all participant who presents 50% chances to highly
express science learning enjoyment and those students who are less likely enjoy learning science.
The majority of the students meeting the proposed standard agree a lot to expressions such as “I
like to conduct science experiments”, “I learn many interesting things in science” and “I like
Science”. Students meeting the proposed standard have equal chances to express that they agree
a little or agree a lot to expressions such as “Science is of one my favorite subjects” and “I look
forward to learning science in school”. Complementary, the students meeting the proposed
standard, express disagreement to expressions such as “Science is boring” and “l wish | did not
have to study science”. In the next table, we estimate the proportion of students meeting the
standard in TIMSS 2015.
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Table 13. Percentage of students meeting the indicator 4.7.5 Environmental Science (socio-

emotional)

Country or Region Percentage Lower limit Upper limit
Korea, Rep. of 0.09 0.08 0.10
Japan 0.13 0.12 0.15
Chinese Taipei 0.16 0.15 0.17
Buenos Aires, Argentina 0.18 0.17 0.20
Norway 0.24 0.22 0.26
Australia 0.24 0.22 0.26
Italy 0.24 0.22 0.26
Israel 0.25 0.23 0.27
Chile 0.25 0.23 0.28
Quebec, Canada 0.25 0.22 0.29
Hong Kong, SAR 0.26 0.24 0.28
New Zealand 0.27 0.25 0.29
England 0.28 0.26 0.30
Ireland 0.28 0.26 0.31
Canada 0.29 0.27 0.30
Ontario, Canada 0.30 0.28 0.32
Norway (8th grade) 0.31 0.29 0.33
Thailand 0.31 0.29 0.34
United States 0.32 0.31 0.34
Abu Dhabi, UAE 0.33 0.29 0.37
Singapore 0.34 0.32 0.35
Qatar 0.34 0.32 0.37
Saudi Arabia 0.37 0.33 0.40
Bahrain 0.37 0.35 0.39
United Arab Emirates 0.37 0.35 0.39
South Africa 0.41 0.39 0.43
Iran, Islamic Rep. of 0.43 0.41 0.46
Kuwait 0.43 0.41 0.46
Dubai, UAE 0.44 0.42 0.46
Egypt 0.44 0.42 0.47
Oman 0.45 0.43 0.48
Malaysia 0.46 0.43 0.48
Turkey 0.46 0.44 0.48
Jordan 0.49 0.47 0.51
Botswana 0.51 0.49 0.53




40 4.7.4 and 4.7.5 Using International Large Scale ! FoR T

STATISTICS

COOPERATION :;LL%NN?EOR

GROUP LEARNING

A Measurement Strategy for SDG Thematic Indicators UNESCO @ TEGHNIGAL cLoBAL

Assessments in Education

B.3.4.1 Proficiency classifications of Environmental Science (behavioural)
The items measuring Environmental Science (behavioural) are presented in the next figure.

Figure 9. Students Confident in Science items in TIMSS 2015 for eighth-grade students

23

How much do you agree with these statements about

science?
Fill one circle for each line.
Agree Agree Disagree Disagree
a lot a little a little a lot
v v v v
a) Iusually do well in science ----------- O O O O scl
[R] b) Science is more difficult for me
than for many of my classmates ---- O O O O sc2
[R] ¢ Science is not one of
my strengths ----------m--emeee e O O O O sc3
d) Ilearn things quickly
IN SCIENCE ===rxmezeszzeszzrazzmemzsanaanens O O O O sc4
e) Iam good at working out
difficult science problems ----=--sseeex O O O O scd
f) My teacher tells me [ am good
at SCIBNCE --------seremrmmcmmmee e @) O @) Q Scb
[R] g) Science is harder for me than
any other subject ------coecceemeonininaas O O O O sc7
[R] h) Science makes me confused ---------- O O O O sc8

Note: [R] = are reverse score items. sc1-sc8 = variable names assigned to the responses to these items.

A partial credit model for equally weighted countries, using senate weights scaled up to 1000 for
each country was fitted. Taylor Series Linearization is used to estimate the variance of parameters,
using pseudo strata, and primary sampling unit indicators. Person realizations are generated as
Expected a Posteriori, and delta parameters are converted into Thurstonian thresholds.

The proposed threshold is presented in the following item-person map, and is located at the
highest category of response, after item sc8 (“[R] Science makes me confused”).
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Figure 10. Item-person map for Students Confident in Science
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The proposed threshold distinguishes among all who express high confidence in their competence
in science. In particular, students meeting the proposed standards have 50% chances to highly
disagree with the statement “Science makes me confused”, and express agreement to statements
such as “I learn things quickly in science”, “I usually do well in science”, and “I'm good to work out
difficult science problems”. In the next table, we estimate the proportion of students meeting the
standard in TIMSS 2015.
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Table 14. Percentage of students meeting the indicator 4.7.5 Environmental Science

(behavioural)

Country or Region Percentage Lower limit Upper limit
Japan 0.07 0.06 0.08
Malaysia 0.07 0.06 0.08
Korea, Rep. of 0.09 0.08 0.10
Thailand 0.09 0.08 0.10
Chinese Taipei 0.11 0.10 0.12
Hong Kong, SAR 0.16 0.14 0.17
Botswana 0.18 0.17 0.20
New Zealand 0.19 0.17 0.20
Chile 0.19 0.18 0.21
Singapore 0.20 0.19 0.22
Australia 0.21 0.19 0.22
Buenos Aires, Argentina 0.22 0.20 0.24
England 0.25 0.23 0.27
South Africa 0.25 0.24 0.27
Quebec, Canada 0.29 0.26 0.31
Canada 0.29 0.27 0.30
Abu Dhabi, UAE 0.29 0.26 0.33
Ontario, Canada 0.29 0.27 0.31
Ireland 0.30 0.28 0.33
Qatar 0.31 0.28 0.33
Italy 0.31 0.28 0.33
Egypt 0.31 0.28 0.34
Saudi Arabia 0.31 0.28 0.34
United Arab Emirates 0.32 0.31 0.33
Bahrain 0.32 0.31 0.34
Jordan 0.34 0.31 0.36
Norway 0.34 0.32 0.37
United States 0.35 0.33 0.37
Iran, Islamic Rep. of 0.36 0.34 0.38
Oman 0.36 0.35 0.38
Israel 0.37 0.34 0.39
Turkey 0.37 0.35 0.39
Dubai, UAE 0.38 0.36 0.40
Kuwait 0.39 0.36 0.42
Norway (8th grade) 0.39 0.37 0.42
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C. SDG thematic indicator 4.7.4

C.1 Selected items

The SDG 4 Thematic Indicator 4.7.4 refers to Global Citizenship Education (GCED). In previous
documents, this was described as:

Global Citizenship Education (GCED): nurtures respect for all, building a sense of
belonging to a common humanity and helping learners become responsible and active
global citizens. GCED aims to empower learners to assume active roles to face and resolve
global challenges and to become proactive contributors to a more peaceful, tolerant, and
inclusive and secure world.

The operationalization to these indicators includes different items from the IEA ICCS® 2016. The
items selected to operationalize the cognitive domain of SDG indicator 4.7.4 include items from
the four content domains of ICCS: civic society and systems, civic principles, civic participation and
civic identities.

Additionally, the socio-emotional and behavioural domains of this thematic indicator include items
form the background questionnaires related to the categories and sub-categories included in
indicator 4.7.4.

The selection of items accounts for a total of ~46 items. These different items were originally
developed to generate scores representing different constructs (see Table 15).

Table 15. Source of selected items to measure indicator 4.7.4

Constructs Nu.mber of
items
a) Civic society and systems (content domain 1) X
b) | Civic principles (content domain 2) X
c) = Civic participation (content domain 3) X
d) | Civic identities (content domain 4) X
e) Students' attitudes toward their country of residence 5
f) | Students' attitudes toward equal rights for all ethnic/racial groups 5
g) Students' attitudes toward gender rights 6
h) | Students' reports on personal experiences of bullying and abuse 6
i Students' perception of the importance of social movement related 4
citizenship
j) | What is good for democracy 9
k) = Threats to the world future 11
Total 46

8 See: https://iccs.iea.nl/home.html



INSTITUTE

44 4.7.4 and 4.7.5 Using International Large Scale ! FOR

STATISTICS

COOPERATION
GROUP

A Measurement Strategy for SDG Thematic Indicators UNESCO @ TEGHNIGAL

Assessments in Education

Instruments “a” to “d” contain mostly dichotomous items, which are scaled in ICCS 2016 using an
IRT model (Schulz, Carstens, et al.,, 2018). We labelled this collection of items as test items.
Constructs “e” to “k” contain a set of Likert-type items, which are already scaled as unidimensional
latent traits in the ICCS 2016 public data file, using a partial credit model (Schulz, Carstens, et al.,
2018). In contrast, items included in sections labelled here as “What is good for democracy” and
“Threats to the world” were not scaled into an IRT score. We labelled this collection of items as
questionnaire items.

These different items are expected to represent other categories under the SDG framework (see
Table 16 and Sandoval-Hernandez et al., 2019, pp. 13-16).

Table 16. Mapping of ICCS 2016 scales into the indicator categories

Questionnaire item
collections

Category (indicator) Test item collections

Students' attitudes toward

their country of residence . .
Interconnectedness and R Civic society and systems
Students' attitudes toward

Global Citizenship equal rights for all Civic identities

ethnic/racial groups

Students' attitudes toward

e s Civic principles

Gender Equality

Students' reports on personal
experiences of bullying and Civic participation
abuse

Peace, Non-violence and
Human Security

What is good for democracy

Civic society and systems

. Students' tion of th
Human Rights LAeMTS PErception ottne i principles

importance of social
movement related citizenship

Civic society and systems

Sustainable Development Threats to the world future .
Civic principles

Item collections from Civic Society and Systems, Civic Principles, Civic Participation and Civic
Identities (content domains) are considered “cognitive” items in the “Proposal for a Measurement
Strategy for Thematic Indicator 4.7.5 using International Large-Scale Assessments in Education”
report (Sandoval-Herndndez et al., 2019). While the rest of the items are classified as “non-
cognitive” (i.e. socio-emotional and behavioural) in the same document. In the present document,
these two groups of items will be treated differently. That is, we did not assume unidimensionality
for cognitive and non-cognitive items at once. Despite being categorized in the same indicator
categories, these two groups of items are not aimed to produce a single interpretable score. The
first collection of items assess proficiency to answer questions related to the ICCS content domains
and consists of measures of maximal performance (Cronbach, 1984). In contrast, the second
group of items are instruments designed to capture self-reports of students regarding their
attitudes and behaviours. These latter constructs are different from the academic ability on each
discipline (Yeager & Lee Duckworth, 2015).
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C.2 SDG indicator 4.7.4 cognitive items

This section is pending until we receive the classification of the test items from the IEA

C.3 SDG indicator 4.7.4 non-cognitive items

The selection of items accounts for a total of 46 items. These different items were used to generate
scales representing seven different constructs. The first 5 constructs have already been scaled by
the ICCS team (Kohler et al., 2018), while the last two were not scaled in the ICSS 2016 database
(see Table 17).

Table 17. Selected non-cognitive items to measure indicator 4.7.4

Number of
Constructs .
items
e) Students' attitudes toward their country of residence 5
f) | Students' attitudes toward equal rights for all ethnic/racial groups 5
g) Students' attitudes toward gender rights 6
h) | Students' reports on personal experiences of bullying and abuse 6
i Students' perception of the importance of social movement related 4
citizenship
j) | What is good for democracy 9
k) = Threats to the world's future 11
Total 46

C.3.1 Availability

The proposed measures are available for all countries and regions who participated in ICCS 2016.
These include Bulgaria, Chile, Chinese Taipei, Colombia, Croatia, Denmark, Dominican Republic,
Estonia, Finland, Hong Kong SAR, Italy, Republic of Korea, Latvia, Lithuania, Malta, Mexico,
Netherlands, Norway, Peru, Russian Federation, Slovenia, Sweden, Belgium (Flemish) and North
Rhine-Westphalia, for a total of 24 countries and regions.

C.3.2 Unidimensionality

To assess the dimensionality of the proposed measures, we followed a two-fold strategy. We first
assessed the ECV across all items, by specifying a general factor while including specific factors for
each of the proposed scales. Thus, we fitted a bifactor model including all measures. Then, we
assessed the ECV for each indicator category, in particular for the indicator categories of
“Interconnectedness and Global Citizenship” and “Human Rights”, these are the only SDG
categories that were mapped into more than one ICCS scale and, therefore, the ones that could
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potentially have a single score. In particular, we used a common slope GRM model (Paek & Cole,
2020), and calculate the ECV following equation (1) from this document (Reise et al., 2013).
Complementary, we included a measure of common variance between the proposed items for
each original scale (Brown, 2006). For the case of the common slope GRM model, this index is
obtained as the square of the common slope estimate. This index expresses the average common
variance on each item accounted by the specified factor.

All estimates were obtained considering the study survey sampling design using a Taylor Series
Linearization. Both stratification and clusters indicators were declared for these purposes
(Stapleton, 2013). Survey weights were re-scaled up to 1000 for each country (Gonzalez, 2012), so
all countries contribute equally to the estimations. All estimations were carried out with MPLUS
8.3 (Muthén & Muthén, 2017), using the WLSMV estimator.

Table 18. Explained Common Variance and accounted Common Variance over the
indicator 4.7.4 selected measures

Category (indicator) Item collections ECV Ccv

Total SDG All scales .20 .20

Interconnectedness and Global Students' attitudes toward their >3 74

Citizenship country of residence ) '

Interconnectedness and Global Students' attitudes toward equal 23 70

Citizenship rights for all ethnic/racial groups ’ ’

Gender Equality’ S.tudents attitudes toward gender 62
rights

Peace, Non-violence and Human Students' reports on personal 56

Security' experiences of bullying and abuse ’

Human Rights What is good for democracy .18 .20
Students' perception of the

Human Rights importance of social movement .18 .57
related citizenship

Sustainable Development’ Threats to the world future .45

Note: All SDG categories flagged with ' were operationalized by a single scale from ICCS 2016. Therefore,
these categories cannot be assessed with a bifactor model that accounts for known sources of variance

attributed to other known scales.

Considering the resulting ECV values from the indicator categories, it is not advisable to summarize
these original scales into a single score. The common variance between the included measures in
each of these categories is too low to be represented by a single score without a substantive loss
of information (Quinn, 2014; Stucky & Edelen, 2015).
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C.3.3 Measurement models

Assuming unidimensionality across all the proposed items is not advisable. That is, establishing a
single standard with a single score, which represents the different proposed attributes that can be
monitored over time in an interpretable manner is not feasible. Therefore, we estimated scores
for each proposed scale individually (one scale per indicator sub-category) and proposed a
provisional threshold of proficiency for each of these attributes. As a consequence, instead of
producing a single standard for all the indicator 4.7.4 measures, we suggest assessing the
feasibility of developing standards for each of the proposed measures.

This assessment of feasibility follows the same steps applied earlier in this document. We assess
the dimensionality of the presented measures, we fit a partial credit model and produce the
corresponding item-person maps, and then we classify students in reference to the provisory
threshold of proficiency. Thus, we produced a section for each of the selected scales from ICCS
2016.

C.3.4 Proficiency classification

Because indicator 4.7.4 has more than one category (see Table 1), the proficiency classification
exercise is organised according to each of these categories, with the scores grouped into socio-
emotional and behavioural dimensions (see Table 2).

C.3.4.1 Proficiency classification of Global-local thinking (socio-emotional)

One of the proposed measures for indicator 4.7.4 for the category of “Interconnectedness and
Global Citizenship” and sub-category “Global-local thinking” is the original scale of “Students'
attitudes toward their country of residence” present in ICCS 2016. This scale is composed of the
following items:

Figure 11. Students' attitudes toward their country of residence in ICCS 2016

Q27 How much do you agree or disagree with the following statements about
<country of test>?

(Please tick only one box in each row.)

Strongly Strongly
Agree Agree Disagree  disagree

a) The <flag of country of test> is important to me. ...... 0. 0. 0. ca01

b) I have great respect for <country of test>. ............... O, O, O, O. ca02
1S3G27C ¢) In <country of test> we should be proud of what we
NAVE BCHIEVEA. ..vrvreeeeeiresseereeseeessesesseessesseesseneseessens , 0. 0. 0. ca03
d) Iam proud to live in <country of test>. .......ccciiunienn, O. O, O. O. ca04
e) Generally speaking, <country of test> is a better
country to live in than most other countries. ............. O, O, O, O. ca05

Note: Variables names in the left side of each of the items are the original names present in public data files
from ICCS 2016. In the right-hand side, we include the names ca01-ca05 to refer to the recoded responses
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analysed in the present document. These responses were recoded so higher value expresses a higher
presence of the self-reported attribute.

All the presented items assess patriotism (Janmaat & Mons, 2011), with a series of items generally
expressing a positive attitude from the respondent towards their country of residence. However,
item ca05 deviates from this meaning. This latter item includes a comparative component, which
can elicit a response closer to the construct of nationalism instead of patriotism. This latter
constructs is characterized by including derogatory components towards other countries
(Mummendey et al., 2001), and is a predictor of prejudice towards immigrants when essentialist
beliefs of nationality are endorsed (Pehrson, Brown, et al., 2009; Pehrson, Vignoles, et al., 2009).
In the present document, this item is removed from the scale, to ensure a high quality measure of
patriotism.

For the remaining items, a partial credit model is fitted. We scale survey weights up to 1000, so
each country and region contributes equally to the estimates. We use Taylor Series Linearization
to estimate the variance of the parameters, using pseudo strata, and primary sampling unit
indicators. Person realizations are generated as Expected a Posteriori, and delta parameters are
converted into Thurstonian thresholds.

The proposed threshold is presented in the following item-person map, and is located at the
highest category of response after item ca04 ‘Il am proud to live in <country of test>', which is often
presented as a representative item for patriotism (Janmaat & Mons, 2011; Mummendey et al.,
2001).
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Figure 12. Item-person map for Students' attitudes toward their country of residence

30000 1

20000 1

Gp

10000 4

-4 0 4

response response response i response
category 1 category 2 category 3 + category 4

CA04 4 . :

| am proud to live in <country of test>.

CA03 1 . .

In <country of test> we should be proud of what we have achieved

91k ~ 9ak

CA02 A

| have great respect for <country of test>.

CAO01 A

The <flag of country of test> is important to me.

-4 0 4
Attitudes towards their own country

The proposed threshold distinguishes among all participants who express highly positive attitudes
towards their country of residence. These are students who feel proud of their country of
residence, and express respect for their own country of residence. In terms of the response model,
these are students who have 50% chances to respond “Strongly agree”, in contrast to other
response categories such as “I am proud to live in <country of test>.", “In <country of test> we
should be proud of what we have achieved”, and to “I have great respect for <country of test>."

In the next table, we estimate the proportion of students meeting the proposed standard.
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Table 19. Percentage of students meeting the indicator 4.7.4 Global-local thinking (socio-

emotional)

Country or Region Percentage Lower limit Upper limit
Hong Kong SAR 0.22 0.20 0.23
North Rhine-Westphalia 0.29 0.26 0.32
Netherlands 0.30 0.28 0.33
Sweden 0.33 0.30 0.35
Belgium (Flemish) 0.35 0.33 0.37
Denmark 0.38 0.36 0.40
Italy 0.45 0.43 0.47
Slovenia 0.48 0.45 0.50
Estonia 0.49 0.46 0.52
Latvia 0.52 0.49 0.55
Chinese Taipei 0.52 0.50 0.54
Korea, Republic of 0.53 0.50 0.55
Finland 0.53 0.51 0.55
Lithuania 0.54 0.52 0.57
Malta 0.57 0.56 0.59
Norway 0.61 0.59 0.62
Russian Federation 0.63 0.61 0.66
Chile 0.64 0.62 0.66
Mexico 0.66 0.64 0.69
Croatia 0.68 0.65 0.71
Bulgaria 0.71 0.68 0.73
Colombia 0.76 0.74 0.78
Peru 0.79 0.77 0.80
Dominican Republic 0.87 0.86 0.89
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C.3.4.2 Proficiency classification of Multicultural(ism)/intercultural(ism) (socio-emotional)

For the indicator category “Interconnectedness and Global Citizenship” and sub-category
“Multicultural(ism)/intercultural(ism)”, the next proposed measure is “Students' attitudes toward
equal rights for all ethnic/racial groups”. The present scale was created using the following items:

Figure 13. Students' attitudes toward equal rights for all ethnic/racial groups in ICCS 2016

Q25 There are different views on the rights and responsibilities of different <ethnic/racial
groups> in society.

How much do you agree or disagree with the following statements?
(Please tick only one box in each row.)

Strongly Strongly
agree Agree Disagree disagree

1S3G25A a) All <ethnic/racial groups> should have an equal
B 0O o o o eo

chance to get a good education in <country of test>..

b)  All <ethnic/racial groups> should have an equal

chance to get good jobs in <country of test>.............

¢) Schools should teach students to respect <members

of all ethnic/racial groups>.........ccoiiiciiinniiiieniiisiiannnns

O
O
d) <Members of all ethnic/racial groups> should be
O O
O

et02

2

w

O

2

encouraged to run in elections for political office. ....... et04

) <Members of all ethnic/racial groups> should have

the same rights and responsibilities. ..........ccccovviennnne

2

w

et05

O O 0O O

w

O.
O. et03
0.
0.

O

2

Note: Variables names in the left side of each of the items are the original names present in public data files
from ICCS 2016. In the right-hand side, we include the names et01-et05 to refer to the recoded responses
analysed in the present document. These responses were recoded so higher value expresses a higher
presence of the self-reported attribute.

These different items measure students endorsement of equal rights and opportunities for all
ethnic and racial groups (Schulz, Carstens, et al., 2018). The endorsement of equal rights to specific
groups is also referred to as measures of tolerance to other groups (see Zalk & Kerr, 2014). Studies
of measurement invariance of the responses to these items favour comparability between
countries. Using data from ICCS 2016, the scalar model specified with a confirmatory factor
analysis between countries, fits the model adequately within the acceptable range (Schulz,
Carstens, et al., 2018, p. 168). Similar studies carried out using data from ICCS 2009 reach similar
conclusions using items et01, et02, et03 and et05 (Miranda & Castillo, 2018).

Similarly to previous sections, we fit a partial credit model to compare the distributions of persons
to the response pattern over all the proposed items. To this end, we scale survey weights up to
1000, so each country and region contributes equally to the estimates. We use Taylor Series
Linearization to estimate the variance of the parameters, using pseudo strata, and primary
sampling unit indicators. We generate person realizations as Expected a Posteriori, and we
transform delta parameters into Thurstonian thresholds to express cumulative probabilities of the
response of items. With the results of this response model, we build an item-person map.

Interpreting the presented items as a measure of tolerance to other ethnic and racial groups, we
proposed the highest threshold from the present item-person map. The proposed standard is
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located after the item et04 “<Members of all ethnic/racial groups>, should be encouraged to run
in elections for political office".

Figure 14. Item-person map for Students' attitudes toward equal rights for all ethnic/racial

groups
20000
15000
=N
o
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O.
T v T
-4 0 4
response response  response response
category 1 category 2 category 3 category 4
ETO1 . . .
All <ethnic/racial groups> should have an equal chance to get a good educationiin <countr y of test>
ETO5 A . . .
<Members of all ethnic/racial groups> should have the same rights and responsibililies
~
wn
(=2
I ET034 .
x .
= Schools should teach students to respect <members of all ethnic/r acial groups>;
ETO02 '
All <ethnic/racial groups> should have an equal chance to get good jobs in <cou:ntr y of test>
ETO04 . .
<Members of all ethnic/racial groups> should be encouraged to run in elections for political office

-4 0 4
Students' attitudes toward equal rights for all ethnic/racial groups

The proposed standard distinguishes among all students who express the highest social tolerance
to other ethnic/racial groups, in contrast to the rest of the participants. Students meeting the
standard present 50% chances to respond “Strongly agree”, in contrast to other response
categories such as “<Members of all ethnic/racial groups> should be encouraged to run in
elections for political office”. Considering the location on the scale of the other items, students
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meeting the standard believe that all ethnic/racial groups should have equal access to education,
have the same rights and responsibilities, and have equal access to the labour market.

In the following table, we present the population estimates of students meeting the proposed
standard in each participating country and region.

Table 20. Percentage of students meeting the indicator 4.7.4 Multicultural(ism) or
intercultural(ism) (socio-emotional)

Country or Region Percentage Lower limit Upper limit
Latvia 0.09 0.08 0.10
Bulgaria 0.12 0.1 0.14
Belgium (Flemish) 0.13 0.11 0.15
Netherlands 0.13 0.11 0.15
Italy 0.15 0.14 0.16
Slovenia 0.16 0.15 0.18
Croatia 0.17 0.15 0.19
Malta 0.18 0.17 0.19
Denmark 0.20 0.19 0.22
Lithuania 0.21 0.19 0.23
Peru 0.21 0.20 0.23
Estonia 0.21 0.19 0.24
Dominican Republic 0.22 0.20 0.24
Colombia 0.22 0.21 0.24
Russian Federation 0.24 0.22 0.26
North Rhine-Westphalia 0.25 0.22 0.28
Finland 0.26 0.24 0.28
Mexico 0.27 0.26 0.29
Norway 0.38 0.36 0.40
Hong Kong SAR 0.39 0.37 0.41
Korea, Republic of 0.41 0.38 0.44
Chile 0.44 0.42 0.47
Chinese Taipei 0.45 0.43 0.47
Sweden 0.50 0.48 0.52

C.3.4.3 Proficiency classification of Gender Equality (socio-emotional)

The proposed items to measure the indicator category of Gender equality are the items present
in ICCS for the scale of “Students' attitudes toward gender rights”. These items are presented in
the following figure.
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Figure 15. Gender Equality items in ICCS 2016

Q24 There are different views about the roles of women and men in society.
How much do you agree or disagree with the following statements?

(Please tick only one box in each row.)

Strongly Strongly
agree Agree Disagree disagree

1S3G24A a) Men and women should have equal opportunities to e01
o o o o ¢

take part in government. .....ccccoineen .

-1535243 b) Men and women should have the same rights in
- O 0. 0. O, 9e02

BVEIY WAY. veveerireereesssnntssessssasssessssnsnens
D1 Dz D; Dq geo4

¢) Women should stay out of politics. ............
d) When there are not many jobs available, men should
0. O O ge05

have more right to a job than women. ..........cccociniens

Y

O
-1536245 e) Men and women should get equal pay when they are ge03
dOING tNE SAME JODS. wvr.vverveeeeeeeesneeeseseesesesenesessseeas O, O, O, O.
f) Men are better qualified to be political leaders than 06
WOMIBN . ciirniisnrnnssrrasrsnsassonnsssnnsnsnssssnssssnsssssnasnssannns D1 Dz Ds Dq ge
O

Y

g) Women'’s first priority should be raising children. ....... O. O. O.

Note: Variables names in the left side of each of the items are the original names present in public data files
from ICCS 2016. In the right-hand side, we include the names ge01-ge06 to referred to the recoded
responses analysed in the present document. These responses were recoded so higher value expresses a
higher presence of the self-reported attribute. As such, items ge04, ge05 and ge06 are reverse code items,
where higher values indicate a higher endorsement of gender equality.

Responses to items ge01, ge02 and ge03 represent students support for gender rights equality
(Sandoval-Hernandez et al., 2018). This selection of items presents scalar invariance, allowing
between-country comparison of latent means (Miranda & Castillo, 2018). Response to items ge04,
ge05, and ge06, resemble hostile sexism items (Brandt, 2011; Napier et al., 2010). In essence, these
are prescriptive stereotypes regarding women gender roles (Rudman & Phelan, 2007). Thus,
considering the content of the items is plausible this scale contains more than one factor.

We fitted a bifactor model to compare the explained variance by the common factor, in
comparison to the specific facets of sexism and gender equality support. Similar to previous
sections, we specified a common slope graded response model for these purposes. The results of
this exercise show that 63% of the variance is explained by the common factor, while 18% is
explained by the responses to the gender equality support, and 19% is explained by the responses
over the sexism items. We complement the bifactor model results with a parallel analysis. This
latter procedure assesses how many latent factors are required to explain a matrix of correlations,
in comparison to a set of simulated correlation matrices with a similar structure. These simulated
correlation matrices serve the purposes of bringing a baseline regarding how many latent factors
are expected by chance over random data. The results of this procedure suggest that the
responses to these items are explained mainly by a general factor.
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Figure 16. Parallel analysis results over Gender Equality items in ICCS 2016
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Unidimensionality assessment of the proposed items is not univocal. The bifactor model, on one
hand, favours the generation of different scores per facet. One for the gender rights equality
responses, and a second score for the responses over the sexism items. Nevertheless, the parallel
analysis suggests specifying a single factor to account for the common variance among the
proposed items. Separating the original scale into different components can imply a drawback in
reliability (Cortina, 1993). Indeed, this is the case: the Expected a Posteriori reliability of the gender
equality support items alone, reaches a value of .61, whereas the Expected a Posteriori reliability
of the sexism items reaches a value of .76. Taking these results together, in the present report, we
will assume enough dimensionality between the proposed items and used a single latent trait
model. That is a single latent factor that accounts for the common variance across the responses
of the proposed items.
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A partial credit model for equally weighted countries, using senate weights scaled up to 1000 for
each country, is used to model these responses. Taylor Series Linearization is used to estimate the
variance of the parameters, using pseudo strata, and primary sampling unit indicators. Person
realizations are generated as Expected a Posteriori, and delta parameters are converted into
Thurstonian thresholds.

The proposed threshold is presented in the following item-person map and is located at the
highest category of response, after item ge06.

Figure 17. Item-person map for Gender Equality
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The proposed threshold distinguishes among all participants who present 50% chances to highly
endorse gender equality and those students who are less likely to highly to endorse gender
equality.
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Table 21. Percentage of students meeting the indicator 4.7.4 Gender Equality (socio-

emotional)

Country or Region Percentage Lower limit Upper limit
Dominican Republic 0.16 0.14 0.18
Russian Federation 0.16 0.14 0.18
Mexico 0.17 0.16 0.19
Latvia 0.25 0.23 0.27
Bulgaria 0.26 0.24 0.28
Peru 0.36 0.34 0.39
Lithuania 0.37 0.34 0.39
Colombia 0.41 0.38 0.44
Hong Kong SAR 0.45 0.42 0.48
Estonia 0.47 0.44 0.51
Chile 0.52 0.50 0.54
Netherlands 0.53 0.50 0.56
Korea, Republic of 0.55 0.52 0.57
Slovenia 0.56 0.54 0.59
Malta 0.57 0.55 0.59
Croatia 0.58 0.55 0.60
Italy 0.59 0.56 0.61
Belgium (Flemish) 0.62 0.59 0.65
Finland 0.63 0.61 0.66
North Rhine-Westphalia 0.67 0.64 0.70
Chinese Taipei 0.69 0.67 0.71
Denmark 0.71 0.69 0.73
Norway 0.72 0.71 0.74
Sweden 0.74 0.71 0.76

The present measure may need some revision. That is, to evaluate if it is better to use all the items
and assume unidimensionality, or to separate the selected items into different scores. The current
option may have a cost regarding cross-country comparability. The ICCS 2016 Technical reports
present results that favour the suspicion that the responses to these items together may not be
comparable between countries (Schulz, Carstens, et al., 2018, p. 168) and some differential item
functioning might be expected. The unidimensionality assessment results from the bifactor model
and the parallel analysis do not converge to the same conclusion. Thus, the presented standard
might need another iteration to produce more studies regarding these measures and provide
further evidence to reach a more satisfactory conclusion on this regard.
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C.3.4.3 Proficiency classification of Peace, Non-violence and Human Security (behavioural)

The indicator category “Peace, Non-violence and Human Security” includes measures of students
bullying victimization from the ICCS 2016 scale “Students' reports on personal experiences of
bullying and abuse”. This scale is generated using responses from the following items:

Figure 18. Students' reports on personal experiences of bullying and abuse in ICCS 2016

Q20 During the last three months, how often did you experience the following
situations at your school?

(Please tick only one box in each row.)

A student broke somethmg belongmg to you on

PUFPOSE. w.vereeerrennes TR i O, O, O, ab0s

A student posted offensive plctures or text about you
on the Internet, . . O, O, O, ab0é

2to4 5 times
Not at all Once times or more
a) A student called you by an offensive nickname. ......... O, O, O, O, ab01
1S3G20B b) A student said thmgs about you to make others
Iaugh srsasene D[ Dz Da D4 ab02
©) A student threatened to hurt You. w.....ceeevereeesseeneenne Lt . O, O, ab03
d) You were physically attacked by another student. ...... O, 0. (R 0. ab04
e)
f)

Note: Variables names in the left side of each of the items are the original names present in public data files
from ICCS 2016. In the right-hand side, we include the names ab01-ab06 to referred rename variables
generated for this report. These responses are coded as higher values expressing a higher frequency of
bullying experiences.

Students’ experience of bullying presents adverse effects on students’ wellbeing. Anxiety,
depression and suicides are related to students’ experience of bullying (Espelage et al., 2013; Hertz
etal., 2013). Bullying victimization affects students’ academic achievement in a negative way; meta-
analytic estimates have found a size effect of = -.10 (Nakamoto & Schwartz, 2010). Casual
inferences studies, matching students from similar characteristics, found differences between
non-bullied and bullied students from 9 to 13 points in TIMSS and PIRLS 2006 among Italian
students (Ponzo, 2013). Moreover, experiences of bullying have also been linked to lifelong
consequences such as violence, convictions, drug user and low job status (Farrington & Ttofi, 2011;
Ttofi et al., 2012). In summary, the experience of bullying at schools is a detrimental factor for
youth development.

Invariance studies over the proposed items (Schulz, Carstens, et al., 2018) suggest the collected
responses present a high degree of comparability between the participating countries of ICCS
2016.

We fit a partial credit model over the pooled sample. We scale survey weights up to 1000, so
participant countries and regions contributed equally to estimations. To get correct standard
errors, we use Taylor Series Linearization, specifying pseudo strata and primary sampling unit
indicators. With the fitted model, person realizations are generated as Expected a Posteriori, and
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delta parameters are converted into Thurstonian thresholds. The results are presented in the next
item-person map.

Figure 19. Item-person map for Students' reports on personal experiences of bullying and
abuse
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response N response response response
category 1 N category 2 category 3 category 4
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C‘E A student threatened to hurt you.
|
X
—
f=2]
ABO4
You were physically attacked by another student.
ABO5
A student broke something belonging to you on purpose.
ABOG

A student posted offensive pictures or text about you on the Internet.

-5.0 25 0.0 25 5.0
Students' reports on personal experiences of bullying and abuse

In contrast to previous measures, where higher scores implied a more desired level of the
attribute, the scores for students’ bullying experiences are in the response direction of the items.
That is, a higher score expresses a higher frequency of different bullying events. For the present
measure, we proposed a threshold close to the lowest category of response. Students meeting
the proposed standard have 50% chances of reporting not experiencing nickname calling and
events of ridicule. All students below the proposed threshold are students with low rates of
bullying experiences. As such, these are students more likely to attend a safer school environment
of this regard.
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In the next table, we report the population estimates of the students meeting the proposed
standard.

Table 22. Percentage of students meeting the indicator 4.7.4 Peace, Non-violence and
Human Security (behavioural)

Country or Region Percentage lower limit upper limit
Croatia 0.33 0.31 0.35
Malta 0.36 0.34 0.37
Mexico 0.36 0.34 0.38
Hong Kong SAR 0.36 0.34 0.38
Peru 0.36 0.34 0.38
Dominican Republic 0.37 0.35 0.39
Colombia 0.37 0.35 0.40
Lithuania 0.38 0.36 0.40
Slovenia 0.39 0.37 0.41
Estonia 0.41 0.38 0.43
Norway 0.42 0.40 0.44
Bulgaria 0.42 0.39 0.45
Latvia 0.44 0.42 0.46
Chile 0.44 0.43 0.46
Belgium (Flemish) 0.45 0.42 0.47
Russian Federation 0.45 0.43 0.47
Denmark 0.47 0.45 0.49
Sweden 0.48 0.44 0.51
Italy 0.49 0.47 0.52
North Rhine-Westphalia 0.49 0.46 0.53
Finland 0.53 0.51 0.55
Netherlands 0.55 0.52 0.58
Korea, Republic of 0.59 0.56 0.62
Chinese Taipei 0.59 0.57 0.61

C.3.4.5 Proficiency classification of Freedom (of expression, of speech, of press, of
association/organisation) (socio-emotional)

For the indicator category “Human Rights" and sub-category “Freedom (of expression, of speech,
of press, of association/organisation)’, we proposed to consider the responses to the items
present in “What is good for democracy” section from ICCS 2016 (Schulz, Carstens, et al., 2018). These
are presented in the following figure:
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Figure 20. Students' reports on students’ opinions regarding what is good for democracy in
ICCS 2016

Q22 Below is a list of things that may happen in a democratic country. Some of them may be
good for and strengthen democracy, some may be bad for and weaken democracy, while
others are neither good nor bad for democracy.

Which of the following situations do you think would be good, neither good nor
bad, or bad for democracy?

(Please tick only one box in each row.)

Neither good
Good for nor bad for Bad for
democracy democracy democracy
-lSBGZZA a) Political leaders give government jobs to their family
- MEMDETS. ©1vvveereeseseessessasssssssessessesssssassassssssesessnsans O, 0. 0O, tdoé
b) One company or the government owns all
NEWSPAPETS IN @ COUNLTY. +vvreeerressereeseesseseseeseeesmseens O, 0, O, tdo7
153G22C c) People are allowed to publicly criticize the
- GOVEIMMENL, 1eovveiireesisirssrnssinsssnrssssnss s essssssssssssneses 0. 0. 0. td01
153G22D d) All adult citizens have the nght to elect their polltlcal
leaders. . e 0. 0. 0. td02
153G22E e) People are able to protest if they think a law is
- unfair. ..coeeeeene - O. O, 0. td03
f)  The police have the right to hold people suspected
of threatening national security in jail without trial. ... 0. 0. 0. td08
-lssc;zzc; g) Differences in income between poor and rich people
- are SMAll. couvveeeiiieiie e s e s e O, O, O, tdo4
1S3G22H h) The government influences decisions by courts of
JUSHCE. wvnvvrvereeeessessssemsesenssesensseasesnsseesesesanssessesasesnens O, 0. 0. tdo9
i)  All <ethnic/racial> groups in the country have the
SAME FGNLS. 1vovervemsresesssssesmsssesssemsessssssensenssesssseees O, 0, O, tdos

Note: Variables names in the left side of each of the items are the original names present in public data files
from ICCS 2016. In the right-hand side, we include the names td01-td09 to referred to the recoded
responses analysed in the present document. These responses were recoded so higher value expresses
what is good for democracy. Items td06-td09 are reverse coded items, thus, for these items, higher values
express what is bad for democracy.

The proposed items measure what a democratic system should look like (Schulz, Ainley, et al.,
2018) to measure students’ conceptions of democracy (Judith Torney-Purta et al., 2006), and what
is the meaning of democracy for students (Quaranta, 2019).

This collection of items have been present in the IEA Civic Education (CIVED) Study (J. Torney-Purta
et al.,, 2001), and in the ICCS, with different variations (Schulz, Carstens, et al., 2018; Schulz et al.,
2011). These items present less research in comparison to other items and scales presentin CIVED
and ICCS studies (Knowles et al., 2018). We think this is the case because these responses present
low common variance in a single trait model (ECV = .20), and throughout CIVED and ICCS studies
IRT scores were not generated for these items (Schulz, Carstens, et al., 2018; Schulz et al., 2011;
Judith Torney-Purta et al., 2006). Thus, most of the previous research regarding these items exist
using composite scores (Judith Torney-Purta et al., 2006) and descriptive results per item (Schulz,
Ainley, et al., 2018; J. Torney-Purta et al., 2001; Torney-purta & Amadeo, 2004). However, two
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exemptions exist. One is the work from Husfeldt & Nikolova (2003), and more recently the work of
Quaranta (2019). Husfeldt & Nikolova (2003). In the next section, we describe the approaches
taken by these authors to provide a sensible alternative regarding how to produce a standard for
democracy conceptions measurement.

C.3.4.5.1 Previous modelling approaches

Husfeldt & Nikolova (2003) used data from CIVED 1999 and proposed three latent factors to
modelled responses to a larger battery of items where most of the proposed items were included.
These factors were “rights and opportunities”, “limited government” and “threats to democracy”.
In the first factor, their work included items alluding to free speech, electing political leaders and
protest against unjust laws. The second factor included items referring to free press, separation
of church and state, and business having no restrictions. Finally, the third factor, for example,
included items denoting nepotism, media control, coercion of justice by the government, among
other indicators.

Quaranta (2019) followed a different approach. The author used a person-centered analysis to
uncover interpretable patterns of responses between students. The author used a latent class
analysis (Vermunt & Magidson, 2002) to reduce the observed responses to twelve items presented
in ICCS 2009 of similar content to those items presented in ICCS 2016. In its research, the author
found five different latent groups that distinguish students’ responses regarding these items.
These latent groups were named limited, free speech, minimalist, complex and uncritical. The
limited group consists of students with low rates of ‘strongly agree’ responses to all items. The free
speech group was characterized with a high rate of strongly agree only for the item referring to
free speech (“Everyone should always have the right to express their opinions freely”). The
minimalist group are students who strongly agree to items of free speech, that political rights
should be respected for all people, and people should elect their political leaders and protest
should never be violent. The complex group highly agree to items from the previous group, while
also including a strong agreement to items referring no news media concentration, and people
are able to criticize the government, protest against unfair laws and agree that differences in
income between the rich and the poor should be small. Finally, the uncritical group are students
who strongly agree to all the items, including positive and negative attributes for democratic
systems. Out of these five latent groups, it seems the “complex” class seems to be the one closer
to the intended interpretation of indicator4.7.4 and sub-category of Democracy/democratic rule,
democratic values/principles.

C.3.4.5.2 Item response theory modelling

In the present exercise, we explore the results from a unidimensional model including all items,
and separate models for two different factors, a similar approach to the one using by Husfeldt and
Nikolova (2003). The generated scores using a partial credit model presented low reliability
(Expected a Posteriori reliability = .57). This means respondents are too similar within this model,
given the measurement error of the generated scores. We generated an IRT score including
responses from items td01-td05, thus resembling factor 1 from Husfeldt and Nikolova (2003). Its
resulting Expected a Posteriori reliability was also considerably low (Expected a Posteriori
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reliability = .52) to provide trustworthy scores to generate standards. We proceed similarly with
items td06-td09, resembling factor 3 (“threats to democracy”) and we observed similar results
regarding the reliability (Expected a Posteriori reliability = .56). In summary, single latent trait
models for all these items and separate factors models distinguish with difficulty students’
responses in a reliable manner. In conclusion, these model approaches are discarded to represent
democracy conceptions of students in a reliable manner.

C.3.4.5.3 Latent class analysis modelling

In the present report, we follow the approach of Quaranta (2019) and we fit a series of latent class
analysis over the proposed items, including 1 to 10 latent classes. In particular, we specified a
structurally homogenous model (Kankara$ & Vermunt, 2015). In practical terms, this model's
specifications searches for the same number of latent classes across countries, while keeping the
types of expected response patterns across countries constant. Other models, such as the partially
homogenous model specification (Kankaras et al., 2011; Kankara$ & Vermunt, 2015), are less
interpretable models because they allow the pattern of responses to be different between
countries while fixing only the amount of latent classes. Therefore, this latter model allows
differential item functioning for all items in all countries (Masyn, 2017). In practical terms, the
structurally homogenous model specification allows the same interpretation of the pattern of
responses across countries for each latent class. This property cannot be fulfilled with the partially
homogenous model because it conforms to a country-specific model where all latent class can be
different response patterns.

To estimate these models, we use Latent Gold 5.1 software (Vermunt & Magidson, 2013), which
includes scaled survey weights (up to 1000), so that each country contributes equally to the
estimates (Gonzalez, 2012). For variance estimation, we use Taylor Series Linearization specifying
primary sampling unit, and pseudo strata indicators (Asparouhov & Muthén, 2010; Stapleton,
2013). Before fitting the different latent class models, we recode the responses of each proposed
item as dummy variables. Items td01-td05, where the response 1 equals “Good for democracy”
and the rest of the response categories were assigned a value of zero. Complementary, items td06-
td09, were reverse coded, so a value of 1 was assigned to responses of “Bad for Democracy”, while
the rest of the response categories were coded as zero. We recoded responses in this manner to
avoid cells sparseness.

In the next table, the fit indexes of the ten fitted models are displayed.
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Table 23. Summary of fit indexes of the fitted latent class models

Classes Number of pvalue Classificati
parameters on error
1 -135137.91  270366.59 9 39679.30 23991 0.00 0.00
2 -127485.83 | 255395.25 42 24375.13 | 23958 0.03 0.12
3 -125644.53  252045.51 75 20692.55 23925 1.00 0.18
4 -124525.23 | 250139.74 108 18453.95 | 23892 1.00 0.23
5 -123904.30  249230.69 141 17212.07 | 23859 1.00 0.26
6 -123416.67 | 248588.28 174 16236.83 | 23826 1.00 0.29
7 -122943.33 | 247974.42 207 15290.14 | 23793 1.00 0.29
8 -122621.86 | 247664.31 240 14647.20 | 23760 1.00 0.31
9 -122300.49 = 247354.41 273 14004.47 | 23727 1.00 0.32
10 -122074.11 | 247234.48 306 13551.71 | 23694 1.00 0.33

Note: selected latent class model is highlighted in bold. LL = loglikelihood, BIC = Bayesian information
criterion, L = Likelihood ratio chi-square, df = degrees of freedom, p-value of the Likelihood ratio chi-square
test. Classification error =

To decide which is the most appropriate number of latent classes, we assess the models in terms
of their fit to the observed data. A three latent class model fits the data well, presenting a good
absolute fit to the observed data (L2= 20692.55, df = 23925, p = 1.00). These fit index results mean
that the observed data can be generated by a fitted model of three latent classes (Masyn, 2013).
This model presents a classification error of .18, which is the lowest classification error among all
the fitted models with a satisfactory fit to the observed data (models with 3-10 latent classes). In
the following figure, we present the response profile of the three latent classes model.
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Figure 21. Response patterns for What is good for democracy items from ICCS 2016
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Because we are using a structurally homogenous across countries, the response pattern or
response profile is the same across countries. What is different is the number of cases on each of
these presented latent groups. To assigned names to the fitted latent classes, we used Quaranta
(2019) latent group names. The minimalist group highly endorse the election of political leaders,
the equal access to rights, and protest to unfair laws. However, it is a less critical group, with less
than 40% of endorsement for criticizing the government, and lower rates to threats for democracy,
such as media concentration, nepotism, the influence of courts of justice by the government and
jailing people without trial. This group represent 36% of the students. The limited class, present
low rates across all proposed items, thus failing to identify good and bad situations in democracy.
In contrast, the students in the complex latent category identify as good for democracy electing
political leaders, access to equal rights, and protesting if a law is unfair. Simultaneously, this group
also identifies as bad for democracy news media concentration, nepotism in the government, and
the influence of government over the justice system.

We proposed to use the response pattern of the latent complex group as the standard for the
indicator 4.7.4 and sub-category of Democratic principles. These are students who are more likely
to identify situations that are deemed good for democracy, while at the same time, they are more
likely to identify situations that are bad for democracy. In the next table, we include the expected
percentages of these latent group outcomes at the population level.
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Table 24. Percentage of students meeting the indicator 4.7.4 Freedom (of expression, of
speech, of press, of association/organisation)

Country or Region Complex Minimalist Limited
Dominican Republic 0.03 0.81 0.16
Peru 0.09 0.75 0.16
Colombia 0.11 0.74 0.16
Mexico 0.11 0.63 0.26
Malta 0.25 0.46 0.28
Norway 0.30 0.51 0.19
Chile 0.34 0.41 0.25
Belgium (Flemish) 0.39 0.48 0.13
Latvia 0.40 0.10 0.50
Russian Federation 0.41 0.32 0.28
Lithuania 0.42 0.34 0.24
Bulgaria 0.42 0.34 0.23
Korea, Republic of 0.47 0.36 0.17
Italy 0.47 0.38 0.15
Sweden 0.51 0.35 0.14
Hong Kong SAR 0.51 0.25 0.24
Estonia 0.52 0.22 0.26
Netherlands 0.54 0.30 0.16
Slovenia 0.54 0.30 0.16
Denmark 0.56 0.24 0.20
Croatia 0.60 0.26 0.14
Finland 0.61 0.17 0.22
North Rhine-Westphalia 0.61 0.22 0.17
Chinese Taipei 0.77 0.06 0.18

C.3.4.6 Proficiency classification of Social Justice (socio-emotional)

The items to measure one of the components of the indicator category for “Human Rights”, sub-
category “Social Justice” come from the ICCS 2016 scale “Students' perception of the importance
of social movement related citizenship”. We present these items in the following figure:
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Figure 22. Students' perception of the importance of social movement related citizenship
from ICCS 2016
Q23 How important are the following behaviors for being a good adult citizen?

(Please tick only one box in each row.)

Not

Very Quite Not very  important
important  important  important at all
1S3G23A a) Voting in every national election .........ccocceeririiiiiinnns 0. 0. 0. O.
1S3G23B b)  Joining @ PONItical PAMY .....c..cuerveererssesessssresessessanenns 0. . a. 0.
1S3G23C | c¢) Learning about the country's hiStory ..........ccceeueeuune. 0. 0. 0. 0.
d) Following political issues in the newspaper, on the
radio, on TV or on the Internet .........cccoininiiniiniinnnn, O. O, O, O.
e) Showing respect for government representatives ....... 0. 0. O. O.
f)  Engaging in political diSCUSSIONS .......coveirueririnnrarane, 0. 0. 0. 0.
D ovEa 1 58 U O O 0O O o
h) Participating in activities to benefit people in the
<10Cal COMMUNILY> vvoveeceeerereee e s ees s sa e seeesenes 0. O, O, O, cn02
i)  Taking part in activities promoting human rights ........ O. O. O. 0O, cn03
153G23) j)  Taking part in activities to protect the environment .... 0O. O. O. 0. cn04
153G23K | K)  WOTKING Nard .....eeerevvceeeseesnssnesesnssssneesssssssissnssnenes 0, O, (mR 0.
1S3G23L [)  Always 0beying the [aw ...........oeemreererssmssonsrssesanes O, 0. (mR 0.
1S3G23M m) Ensuring the economic welfare of their families ......... O. O, O, 0.
n) zleakiné]1 perstr:nal c_afforts tto protect r}_atural r;zources O 0 O O
.g. through saving water or recycling waste) .......... 1 2 3 4
O fepenternaddesoreeteron .0, O, O 0O
p) Supporting people who are worse off than you .......... 0. 0. 0. .
e e e PPN o o o o

Note: Variables names in the left side of each of the items are the original names present in public data files
from ICCS 2016. In the right-hand side, we include the names cn01-cn04 to refer to the recoded responses
analysed in the present document. These responses were recoded so higher value expresses a higher
presence of the self-reported attribute.

These different items represent the endorsement of different citizenship norms of participation
in social movements. In particular, these are injunctive norms, because these items express what
people ought to do, instead of what people tend to do (Cialdini & Goldstein, 2004). The content of
the items resembles political participation norms with overlapping targets. Using Miranda, Castillo
& Sandoval-Hernandez (2017) political participation taxonomy, we can argue that the content of
the proposed items are directed to the civil society and to influence the government. “Participating
in activities to benefit people in the <local community>" (cn02) is an exemplary item for civic
engagement directed to civil society. In contrast, "Taking part in activities to protect the
environment" (cn04) can be thought of as a civil society and government-directed action. This is
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the case under the assumption that protecting the environment when it is under threat may
require some changes in the law. Thus, it is challenging to participate in activities to safeguard the
environment without any intention to influence the law. Finally, "Taking parts in activities
promoting human rights" (cn03) and "Participating in peaceful protests against laws believed to
be unjust" (cn01) can be classified as directed to influence governments because human rights
guarantors are governments who adhere to the "Universal Declaration of Human Rights", and
protest against unjust laws as it appeals to government bodies' decisions. All in all, these are
injunctive citizenship norms regarding political involvement.

Current invariance report from these measures present in the ICCS 2016 report (Schulz, Carstens,
et al., 2018) indicates a certain lack of measurement invariance. However, these results were
obtained in a larger model where more items and factors were included. Parallel analysis for
polytomous items (Timmerman & Lorenzo-Seva, 2011) favours a single latent trait model (see next
figure).
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Figure 23. Parallel analysis results over “Students' perception of the importance of social
movement related citizenship” items in ICCS 2016
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We fitted a common slope graded response model as a multigroup for all participating countries
and regions and found that it fits indexes close to satisfactory results (RMSEA = .071 CI95% [.069,
.072], CFI = .97, TLI = .99, SRMR = .042). As such, the proposed measures seem to reach enough
invariance to compare countries.

We fit a partial credit model for equally weighted countries, using senate weights scaled up to 1000
for each country. We use Taylor Series Linearization to estimate the variance of the parameters,
using pseudo strata, and primary sampling unit as indicators. Person realizations are generated
as Expected a Posteriori, and delta parameters are converted into Thurstonian thresholds. With
the results from this model, we produced an item-person map for this scale. As a standard, we
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proposed the location parameter y, ,, of item cn01 “Participating in peaceful protests against laws
believed to be unjust”.

Figure 24. Item-person map for Students' perception of the importance of social
movement related citizenship

15000
10000 4 : —
=% N
=3 N
5000 4 :
0 - —'—. — —
5.0 25 00 25 50
response response response : response
category 1 category 2 category 3 : category 4
CNO04
Taking part in activities to protect the environment
CNO03
% Taking part in activities promoting human rights
f=2]
|
X
—
f=2]
CNO2 4
Participating in activities to benefit people in the <local comm EJnily>
CNO1
Participating in peaceful protests against laws believed to be \Emjust

5.0 25 . 00 25 5.0

Students' perception of the impor tance of social movement related citizenship
This standard is similar to the classification of citizenship norms adherence from Hooghe and
colleagues (Hooghe et al., 2016; Hooghe & Oser, 2015) for the latent groups of “all-around” and
“engaged”. These are students who highly endorsed the importance of participating in their local
community, to protect the environment, promote human rights, and to protest against unjust
laws. In the present measurement model, the standard distinguished between students who have
50% chances to agree that “Participating in peaceful protests against laws believed to be unjust” is
quite important over previous categories of responses.
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Citizenship norms are a special case of social norms and are expected to influence behaviour.
Different social norms predict the likelihood to obey the law, vote and participate in protests
(Gerber & Rogers, 2009; Kobis et al., 2015; Rees & Bamberg, 2014; Wenzel, 2005). The present
standard is citizenship norms; these are expected to predict involvement to benefit the local
community, to protect the environment, promote human rights, and to protest against unjust
laws. In the next table, we provide the population estimates for students meeting this standard.

Table 25. Percentage of students meeting the indicator 4.7.4 Social Justice (socio-

emotional)

Country or Region Percentage Lower limit Upper limit
Denmark 0.39 0.37 0.41
Netherlands 0.40 0.38 0.42
Finland 0.53 0.52 0.55
Latvia 0.57 0.55 0.59
Estonia 0.57 0.55 0.60
North Rhine-Westphalia 0.58 0.54 0.61
Belgium (Flemish) 0.58 0.55 0.61
Lithuania 0.62 0.60 0.64
Slovenia 0.63 0.61 0.65
Malta 0.65 0.63 0.67
Sweden 0.65 0.63 0.68
Russian Federation 0.65 0.63 0.68
Hong Kong SAR 0.66 0.64 0.68
Norway 0.66 0.65 0.68
Chile 0.71 0.70 0.73
Chinese Taipei 0.74 0.72 0.76
Croatia 0.78 0.76 0.80
Italy 0.79 0.77 0.80
Korea, Republic of 0.79 0.77 0.81
Bulgaria 0.80 0.77 0.82
Mexico 0.81 0.79 0.82
Peru 0.81 0.79 0.82
Colombia 0.84 0.83 0.86
Dominican Republic 0.87 0.85 0.88
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C.3.4.7 Proficiency classification of Sustainable Development (socio-emotional and behavioural)
In the indicator category of Sustainable Development, the proposed measures are 11 items from
the ICCS 2016 section “Threats to the world future” (10 items), and a single item from students’
future participation. These items are presented in the following figures.

Figure 25. Selected items for Sustainable Development from ICCS 2016

Q28 To what extent do you think the following issues are a threat to the world's
future?

(Please tick only one box in each row.)

Toa

Toalarge moderate Toa small
extent extent extent Not at all
1536288 | @)  PONULON wvvvovrvereeessesesssesessessesnsssesssassssssssssssssenssseeness 1 O. 0, O, fto1
1S3G288 | b) Energy shortages ... 0O, O, 0, O, fto2
153G28C c) Global financial Crises .........ccocviriemmninensinnsiensannns O, 0. O, 0. fto3
IS3G28D | d)  CHME covverereressseseeensesesesssssesassessesasesssesssesssesssesnees L1 (m § O, O, fto4
1S3G28E €)  Water SNOMAGES ..vvervveervessssnnsssessssssssssssssssesssseennss 1 0. 0. O, ftos
[ 1S3628F | ) ViOIeNt CONflict wovovvvrsvvesenmssssssssssssssssssssssssssses 0 O. O. O, ftoé
1536286 | ) POVErtY ...t O, O, 0O, O, fto7
153628H | h) FOOd SHOMAGES «.....eeveereeeeeeneeseeseceseeessessseensesnenns Lt 0. 0. 0. fos
153G281 i) Climate chanNge .....oveoeeueeeeeeeeeseeseeeeeseenseseesessseneennes L 0. 0. O, fo9
[153G281 | ) UNEMPIOYMENE crovoroeeseeressesssrossesrssessssrassssmssemmseneennns i 0. 0, 0, 10
153G28K | k)  OVErPOPUIALON ..vvvverervvesreessennssesssssssssssssssssensssiennss 1 0. 0. O,
1368 | [)  Infectious diseases (e.g. <bird flus, <AIDS>) e L 0. O, 0.
m) Terrorism O, 0. O, O,
Q31 Listed below are different ways adults can take an active part in society.
When you are an adult, what do you think you will do?
(Please tick only one box in each row.)
1 would 1 would 1 would 1 would
certainly do  probably  probably  certainly
this dothis  notdo this not do this
a) Vote in <local elections> 0. 0. O, 0.
b) Vote in <national elections> 0. 0. O, .
©) gztcé%fgnnatlon about candidates before voting in an o. o. o. o.
e s @ O I
IS3G31E e) Join a political party 0. O, O, 0.
1S3G31F f) Join a trade union O, O. 0. 0.
1S3G31G g) Stand as a candidate in <local elections> ................. [ 0. (mR O.
h) Join an organization for a political or social cause ...... 0O, 2 (mR O.
i) ::/grl::rr::s::;;l;ne to help otl'l.':elljﬁe.z.ople in the <local i o, o, o.
@ j)  Make personal efforts to help the environment (e.g.
through saving water) I 0. 5 o ft1
1S3G31K k) Vote in <state, province elections> ........cccuverrvirinens =1, 0. O, O.
1S3G31L 1) Vote in European elections [, [=13 O, .

Note: Variables names in the left side of each of the items are the original names present in public data files
from ICCS 2016. In the right-hand side, we include the names ft01-ft11 to refer to the recoded responses
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analysed in the present document. These responses were recoded so higher value expresses a higher
presence of the intended attribute.

Unlike previously proposed scales, these collections of responses do not conform to a generated
scale within the ICCS 2016 study (Schulz, Carstens, et al., 2018). As a consequence, there is less
research about the response patterns observed for these items. So, before fitting a latent variable
model, we assess the unidimensionality of the proposed items. To this end, we select a random
sample of 500 cases per participating country and region, a similar procedure followed by the
OECD (OECD, 2014). However, in this report, we select this random sample conditional to their
survey weights. With this collection of cases, we build a calibration sample. Using this randomly
selected case we produced a parallel analysis for polytomous items (Timmerman & Lorenzo-Seva,
2011). The results of this procedure favour the presence of a main factor.
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Figure 26. Parallel analysis results over the proposed Sustainable Development items from
ICCS 2016
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We fit a partial credit model for equally weighted countries, using survey weights scaled up to 1000
observations. We use Taylor Series Linearization for variance estimation and correct standard
errors, specifying pseudo strata and primary sampling unit indicators. Latent variable realizations
were generated as Expected a Posteriori, and delta parameters were turned into Thurstonian
thresholds. The results of this model are presented in the following figure.
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Figure 27. Item-person map for Sustainable Development items
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To set a standard, we rely on item ft11. Students meeting the standard present 50% chances of
answering that they would definitely make personal efforts to protect natural resources. We
interpreted this pattern of response as expressing a positive inclination to sustainable
development. All students meeting the standard express high awareness regarding different
threats to the world's future, including Pollution, Water Shortages, Food Shortages, Climate
Change, Poverty and Crime. Students meeting the standard are likely to consider violent conflicts,
energy shortages, global financial crises and unemployment as threats of the world's future at
least, to a moderated extent. In the following table, we provide population estimates of students
meeting the proposed standards.
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Table 26. Percentage of students meeting the indicator 4.7.4 Sustainable Development
(socio-emotional and behavioural)

Country or Region Percentage Lower limit Upper limit
Netherlands 0.21 0.19 0.23
North Rhine-Westphalia 0.27 0.25 0.29
Denmark 0.29 0.28 0.31
Sweden 0.31 0.29 0.33
Norway 0.31 0.30 0.33
Finland 0.32 0.30 0.34
Estonia 0.36 0.34 0.38
Belgium (Flemish) 0.39 0.36 0.41
Peru 0.44 0.42 0.46
Russian Federation 0.44 0.42 0.46
Malta 0.44 0.43 0.46
Latvia 0.46 0.43 0.48
Dominican Republic 0.48 0.46 0.50
Korea, Republic of 0.49 0.47 0.52
Chinese Taipei 0.50 0.48 0.52
Bulgaria 0.52 0.49 0.55
Croatia 0.53 0.51 0.55
Slovenia 0.55 0.53 0.57
Italy 0.55 0.53 0.57
Hong Kong SAR 0.56 0.53 0.58
Lithuania 0.61 0.58 0.63
Mexico 0.63 0.61 0.64
Chile 0.71 0.70 0.73
Colombia 0.73 0.71 0.75
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D. An overall indicator of standards met by students

In this section, we estimate the proportion of students that meet any of the standards stipulated
for indicators 4.7.5 and 4.7.4, for each country and region for which data is available. To this end,
we use a mean score that summarizes all the standards that a student has met. This mean score
varies from 0 to 1, where the maximum is achievable by a student if and only if this student has
met all the standards where he or she was classified. Zero is assigned if a student has not met any
of the proposed standards. Likewise, if a student satisfies two out of three, then it receives a .66
(2/3). This calculation is expressed in the next equation:

5 o 2D 3)

L nD

In this equation, D; represents a binary variable that determines if student /i met a standard. This
variable is equal to 1 if student i meets the standard, and a value of zero if he or she does not. n,,
represents the number of standards. Because D; is a binary variable, the mean score can be
interpreted as the proportion of standards student i meets.

For the case of the indicator 4.7.5, where only three standards are proposed, the possible values
per students are .00 (none), .33 (one out of three), .66 (two out of three), 1 (all). In the case of the
indicator 4.7.4, more values are possible because more (seven) standards were proposed.

In the next tables, we include the overall mean of this mean score per country and region. The
overall mean score for indicator 4.7.5 is presented in Table 27 and the overall mean score for
indicator 4.7.4, in Table 28.

The interpretation of the proposed overall indicator needs some caution. First, because this is a
central tendency measure at the country and region level, it is not informative of the spreading of
the standards being met at the observation level. That is, a mean of .33 at the country and region
level could be the result of different possible distributions, some of these could be more
homogenous than others. For example, distributions where most of the cases only meet one
standard would be more homogenous. In the same manner, a country and region could display a
mean of .33 by having a third of the students meeting all the standards, and two thirds not fulfilling
any of the proposed standards. Second, this overall indicator, should not be interpreted as a
unidimensional variable. Many of the original scores used to produce these standards are not
correlated to each other (e.g. Isac et al., 2014). As such, extremes values are easier to interpret
than middle values. Values which are closer to 1 mean more students are likely to meet the
proposed standards; and conversely, values closer to zero mean a smaller number of students
meet the proposed standards. Whereas values closer to the middle of the distribution could imply
a mix of students meeting some of the proposed standards, or alternatively, that some students
meet all the standards and others do not.

Similar to previous sections, we produced the reported overall mean score D; as the mean per
country and region using Taylor Series Linearization to obtain corrected standard errors, including
clusters and pseudo strata indicators (Stapleton, 2013).
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Table 27. Mean of students meeting any of the standards SDG 4.7.5 (Science scores with
selected items, SLS, SCS) TIMSS 2015

Country or Region Percentage Lower limit Upper limit
Buenos Aires, Argentina 0.18 0.17 0.19
Thailand 0.19 0.17 0.20
Korea, Rep. of 0.21 0.20 0.22
Chile 0.21 0.19 0.23
Japan 0.23 0.22 0.24
South Africa 0.24 0.22 0.25
Malaysia 0.25 0.23 0.26
Saudi Arabia 0.25 0.23 0.27
Botswana 0.25 0.24 0.27
Australia 0.26 0.25 0.28
Abu Dhabi, UAE 0.27 0.24 0.30
Egypt 0.27 0.25 0.29
Chinese Taipei 0.27 0.26 0.28
New Zealand 0.27 0.26 0.29
Italy 0.28 0.27 0.30
Qatar 0.29 0.27 0.30
Hong Kong, SAR 0.29 0.27 0.31
Bahrain 0.30 0.29 0.32
England 0.31 0.29 0.33
United Arab Emirates 0.31 0.30 0.32
Jordan 0.31 0.30 0.33
Kuwait 0.32 0.30 0.34
Norway 0.32 0.30 0.33
Israel 0.32 0.30 0.34
Canada 0.32 0.31 0.33
Quebec, Canada 0.32 0.30 0.35
Ontario, Canada 0.32 0.31 0.34
Iran, Islamic Rep. of 0.32 0.31 0.34
Ireland 0.33 0.31 0.35
Norway (8th grade) 0.33 0.32 0.34
Oman 0.33 0.32 0.35
Turkey 0.36 0.34 0.38
United States 0.36 0.34 0.38
Singapore 0.38 0.36 0.39
Dubai, UAE 0.40 0.38 0.41
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Table 28. Mean of students meeting any of the standards SDG 4.7.4 ICCS 2016

Country or Region Percentage Lower limit Upper limit
Netherlands 0.38 0.37 0.39
Latvia 0.39 0.38 0.40
Belgium (Flemish) 0.41 0.40 0.43
Dominican Republic 0.42 0.41 0.43
Russian Federation 0.42 0.41 0.44
Denmark 0.43 0.42 0.44
Mexico 0.43 0.42 0.44
Malta 0.43 0.42 0.44
Peru 0.43 0.42 0.45
Estonia 0.43 0.42 0.45
Hong Kong SAR 0.45 0.43 0.46
Lithuania 0.45 0.44 0.46
North Rhine-Westphalia 0.45 0.44 0.46
Bulgaria 0.46 0.45 0.48
Slovenia 0.47 0.46 0.49
Norway 0.49 0.48 0.49
Finland 0.49 0.48 0.50
Colombia 0.49 0.48 0.50
Italy 0.50 0.49 0.51
Sweden 0.50 0.49 0.51
Croatia 0.52 0.51 0.54
Chile 0.55 0.53 0.56
Korea, Republic of 0.55 0.53 0.56
Chinese Taipei 0.61 0.60 0.62
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Appendix I. MPLUS syntax for Gender Equality Items

Code

Comments

TITLE:
pcm geneql;

DATA:
FILE =
sgd_474.dat;

VARIABLE:
NAMES =
gedl litem
ge02 litem
ged3 litem
ged4 litem
geo5 litem
geo6 litem
id_i lid case

id_k !id country

id_s !id strata

id_r !id pseudo cluster
id_j !id school

AUV A WNER

Section to give a title for the
model, specify the data file and
the variable names in the data
file.

All text after a “I" is interpreted
as a comment within MPLUS
syntax. As such, these have no
effect on model specification. In
the current code, these are
included as notes to remind the
analyst of the content of each
data vector.

ge@l (gpcm)
ge02 (gpcm)
ge@3 (gpcm)
geo4 (gpcm)
geo5 (gpcm)
geos6 (gpcm)

B

USEVARIABLES =
ge0l ged2 ge0d3 ged4 ged5 gedb

B

I id variable
IDVARIABLE = id_i;

ws | senate weight scaled up to 1000

H

MISSING=.; In this section, variables are
CATEGORICAL = declared.

In the categorical section, items
are declared as a categorical
and the term “(gpcm)” is used.
This latter specification allows
MPLUS to fit a partial credit
model by using an adjacent
logit between the response
categories to the items.

Isurvey method taylor
WEIGHT = ws;
STRATIFICATION = id_s;
CLUSTER = id_r;

ANALYSIS:

TYPE = COMPLEX;
ESTIMATOR = MLR;
STSEED = 382;

Section to describe the variance
method for estimation. In this
example, Taylor Series
Linearization is specified.
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MODEL :

!loadings
theta_p by ge0l-ge06@1;

Ivariance
theta_p;

Ilatent mean
[theta_p@o];

In the model section, the latent
variable model is specified,
based in results from Figure 2
presented in the current
document:

1. Loadings are

constrained to 1
2. Variance of theta_p is

RESIDUAL

B

litem characteristic curves
PLOT:
TYPE = PLOT3;

Isaves realizations of theta_p

SAVEDATA:
SAVE = FSCORES;
FILE = sgd_474_geneql_eap.dat;

ldelta )
[ge01$1]; freely estimated
[ge01$2]; i
[ge01$3]: 3. Latent meanis centred
[ge02$1];
[ge02$2]; Delta parameters are declared
[ge02$3]; .
[ge03$1]; in the model, yet these are
[ge03$2]; assumed by the model and it is
[ge@3$3];
[ge04$1]; not necessary to declare these.
[geo4s$2]; These lines are redundant for
[ge0as3]; the code to run the partial
[ge05$1]; e code to run the partia
[ge@5$2]; credit model. These are
[ge05%$3]; . . .
[ge0681]: declared'ln this cer for clarity,
[ge06$2]; so there is no ambiguity
[ge06$3]; regarding which parameters
are fixed and which are freely
estimated.
OUTPUT : The output is requesting the
CINTERVAL i .
estimates, the confidence

interval of the estimates and
the residuals of the model.
The PLOT: statement, is
requesting item characteristic
curves and other IRT plots.
Finally, the SAVEDATA
command is saving the latent
realizations of theta_p, used to
generate the item-person
maps.

These are Expected a Posteriori
values of the random term
theta_p.
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Appendix Il. Executive summary

In this report, we use data from ICCS, TIMSS and PISA to estimate the proportion of students who
reach the targets set by SDG Thematic Indicators 4.7.4 and 4.7.5 for each country and region with
available data. In what follows, we briefly describe our analytical strategy, the description of the
content and types of cognitive processing skills and strategies demonstrated by students at the
cut-off points estimated for each target, and present summary tables with the proportion of
students who reach each of the specified targets in each country or region.

Analytical strategy

The analytical strategy includes five main steps: verify the availability of observed responses to the
items proposed by the mapping exercise described above (Sandoval-Hernandez et al., 2019), test
the unidimensionality of the intended constructs, fit the corresponding measurement models to
obtain scores for each target, estimate the cut-off points to identify the students who reach each
of the targets evaluated.

To obtain the scores, we use a latent variable model approach. More specifically, we use a partial
credit model (Masters, 2016).° Formally, this model can be described as follows (see Wu et al.,
2016):

exp Y _o(6, — i)

Zzo exp ZZ=0(910 = Oix)

Pr(Yy, =jl6p) = (1)

The proportion of students reaching the targets within each country or region is then calculated
as a simple proportion.

X
pP=—
n
We also estimate the proportion of students who meet any of the standards stipulated by
indicators 4.7.5 and 4.7.4, for each country and region for which data is available. To this end, we
use a mean score that summarizes all the standards that a student has met. This mean score
varies from 0 to 1, where the maximum is achievable by a student if and only if this student has
met all the standards where he or she was classified. Zero is assigned if a student has not met any
of the proposed standards. Likewise, if a student satisfies two out of three, then he or she is
attributed a score of .66 (2/3). This calculation is expressed in the next equation:
5= 2D 3)

L nD

° The exception is indicator 4.7.4 sub-category ‘Freedom’, for which we used a series of latent class analysis.
See the main report for details.
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Description of cut-off points

4.7.4 - Percentage of students by age group (or education level)

showing an adequate understanding of issues relating to global
citizenship and sustainability.

COGNITIVE (4.7.4)

| This section is pending until we receive the classification of the test items from the IEA

NON-COGNITIVE (4.7.4)

Interconnectedness and Global Citizenship
This category is measured through two sub-categories: ‘Global-local thinking' and
‘Multicultural(ism)/intercultural(ism)'’.

Global-local thinking

At the threshold, students have more than 50% chances to express positives attitudes
towards their country of residence. Most of the students at or above the cut-off score agree a
lot to expressions such as “l am proud to live in <country of test>.", “In <country of test> we should
be proud of what we have achieved”, or “I have great respect for <country of test>."

Multicultural(ism)/intercultural(ism)

At the threshold, students have more than 50% chances to express positives attitudes
towards ethnic/racial minorities. Most of the students at or above the cut-off score agree a lot
to expressions such as “<Members of all ethnic/racial groups> should be encouraged to run in
elections for political office”, “<Members of all ethnic/racial groups> should have equal access to
education”, or “<Members of all ethnic/racial groups> should have equal chances to get a good job
in <country of test>."

Gender Equality

At the threshold, students have more than 50% chances to strongly endorse gender
equality. Most of the students at or above the cut-off score agree a lot to expressions such as
“Men and women should have equal opportunities to take part in government” or “Men and
women should get equal pay when they are doing the same jobs". Complementary, most of the
students at or above the cut-off score express strong disagreement to expressions such as
“Women should stay out of politics” or “Men are better qualified to be political leaders than
women”.

Peace, Non-violence and Human Security
At the threshold, students have more than 50% chances of reporting not experiencing
bullying. Most of the students at or above the cut-off score report not having experienced at all
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situations such as “being called by an offensive nickname”, “being threatened to be hurt”, or “other
students posting offensive pictures or texts about them”.

Human Rights
This category is measured through two sub-categories: ‘Freedom (of expression, of speech, of
press, of association/organisation)’ and ‘Social Justice'.

Freedom (of expression, of speech, of press, of association/organisation)

At the threshold, students have more than 50% chances of identifying situations that are
deemed good for democracy, as well as those situations that are deemed bad for
democracy. Most of the students at or above the cut-off score consider that situations like “People
are allowed to publicly criticise the government” or “All adult citizens have the right to elect their
political leaders” are good for democracy. Complementary, most of the students at or above the
cut-off score consider that situations like “Political leaders give government jobs to their family
members” or “One company or the government owns all newspapers in the country” are bad for
democracy.

Social Justice

At the threshold, students have more than 50% chances to highly endorse the importance
of social participation in social movements. Most of the students at or above the cut-off score
consider that behaviours such as “Participating in protests against laws believed to be unjust”,
“Participating in activities to benefit people in the local community” or “ Taking part in activities to
protect the environment” are very important for being a good citizen.

Sustainable Development

At the threshold, students have more than 50% chances of identifying threats to the world’s
future and reporting that they would definitely make personal efforts to avoid them. Most
of the students at or above the cut-off score consider that, to a large extent, issues like “Pollution”,
“global financial crisis”, “Violent conflicts” or “climate change” are a threat to the world's future; and
that they would certainly make personal efforts to help the environment.

4.7.5 - Percentage of 15-year-old students showing proficiency

in knowledge of environmental science and geoscience

COGNITIVE (4.7.5)

At the threshold, students apply and communicate their understanding of concepts from
environmental science and geoscience in everyday and abstract situations. They
communicate their understanding of ecosystems and the interaction of organisms with their
environment and apply some knowledge of human health related to nutrition and infectious
disease. Students show some knowledge and understanding of the composition and properties
of matter and chemical change. They apply knowledge of Earth's physical features, processes,
cycles, and history, and show some understanding of Earth's resources, their use, and
conservation as well as some knowledge of the interaction between the Earth and the Moon.
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NON-COGNITIVE (4.7.5)

Enjoy environmental science and geoscience

At the threshold, students have more than 50% chances to express high enjoyment of
learning environmental science and geoscience. Most of the students at or above the cut-off
score agree a lot to expressions such as “l like to conduct science experiments”, “I learn many
interesting things in science” or “| like Science”. Complementary, most of the students at or above
the cut-off score express disagreement to expressions such as “Science is boring” or “I wish | did
not have to study science”.

Confidence in environmental science and geoscience

At the threshold, students have more than 50% chances to report high confidence in
learning environmental science and geoscience. Most of the students at or above the cut-off
score highly disagree with the statement “Science makes me confused”, and express agreement
to statements such as “l learn things quickly in science”, “I usually do well in science”, or “I'm good
to work out difficult science problems”.
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Summary tables
Table 29A. Proportion of students reaching the targets of indicator 4.7.5

| Non-Cognitive

Country Cognitive Enjoyment | Confidence Global %

Abu Dhabi, UAE 0.19 0.33 0.29 0.27
Armenia 0.24

Australia 0.34 0.24 0.21 0.26
Bahrain 0.21 0.37 0.32 0.3
Botswana 0.07 0.51 0.18 0.25
Buenos Aires, Argentina 0.13 0.18 0.22 0.18
Canada 0.39 0.29 0.29 0.32
Chile 0.18 0.25 0.19 0.21
Chinese Taipei 0.55 0.16 0.11 0.27
Dubai, UAE 0.36 0.44 0.38 0.4
Egypt 0.06 0.44 0.31 0.27
England 0.39 0.28 0.25 0.31
Georgia 0.13

Hong Kong, SAR 0.45 0.26 0.16 0.29
Hungary 0.38

Iran, Islamic Rep. of 0.18 0.43 0.36 0.32
Ireland 0.39 0.28 0.3 0.33
Israel 0.34 0.25 0.37 0.32
Italy 0.31 0.24 0.31 0.28
Japan 0.49 0.13 0.07 0.23
Jordan 0.11 0.49 0.34 0.31
Kazakhstan 0.37

Korea, Rep. of 0.45 0.09 0.09 0.21
Kuwait 0.12 0.43 0.39 0.32
Lebanon 0.1

Lithuania 0.35

Malaysia 0.21 0.46 0.07 0.25
Malta 0.24

Morocco 0.07

New Zealand 0.36 0.27 0.19 0.27
Norway 0.33 0.24 0.34 0.32
Oman 0.17 0.45 0.36 0.33
Ontario, Canada 0.37 0.3 0.29 0.32
Qatar 0.2 0.34 0.31 0.29
Quebec, Canada 0.42 0.25 0.29 0.32
Russian Federation 0.45

Saudi Arabia 0.07 0.37 0.31 0.25
Singapore 0.59 0.34 0.2 0.38
Slovenia 0.5

South Africa 0.05 0.41 0.25 0.24
Sweden 0.41

Thailand 0.16 0.31 0.09 0.19
Turkey 0.25 0.46 0.37 0.36
United Arab Emirates 0.24 0.37 0.32 0.31
United States 0.4 0.32 0.35 0.36
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Table 30A. Table 1A. Proportion of students reaching the targets of indicator 4.7.4

Non-Cognitive

Countr Cognitive Global %
y g Global-local m Gender equality Social justice | Sustainable dev. '

Belgium (Flemish) 0.35 0.13 0.62 0.45 0.39 0.58 0.39 0.41
Bulgaria 0.71 0.12 0.26 0.42 0.42 0.8 0.52 0.46
Chile 0.64 0.44 0.52 0.44 0.34 0.71 0.71 0.55
Chinese Taipei 0.52 0.45 0.69 0.59 0.77 0.74 0.5 0.61
Colombia 0.76 0.22 0.41 0.37 0.1 0.84 0.73 0.49
Croatia 0.68 0.17 0.58 0.33 0.6 0.78 0.53 0.52
Denmark 0.38 0.2 0.71 0.47 0.56 0.39 0.29 0.43
Dominican Republic 0.87 0.22 0.16 0.37 0.03 0.87 0.48 0.42
Estonia 0.49 0.21 0.47 0.41 0.52 0.57 0.36 0.43
Finland 0.53 0.26 0.63 0.53 0.61 0.53 0.32 0.49
Hong Kong SAR 0.22 0.39 0.45 0.36 0.51 0.66 0.56 0.45
Italy 0.45 0.15 0.59 0.49 0.47 0.79 0.55 0.5
Korea, Republic of 0.53 0.41 0.55 0.59 0.47 0.79 0.49 0.55
Latvia 0.52 0.09 0.25 0.44 0.4 0.57 0.46 0.39
Lithuania 0.54 0.21 0.37 0.38 0.42 0.62 0.61 0.45
Malta 0.57 0.18 0.57 0.36 0.25 0.65 0.44 0.43
Mexico 0.66 0.27 0.17 0.36 0.1 0.81 0.63 0.43
Netherlands 0.3 0.13 0.53 0.55 0.54 0.4 0.21 0.38
North Rhine-Westphalia 0.29 0.25 0.67 0.49 0.61 0.58 0.27 0.45
Norway 0.61 0.38 0.72 0.42 0.3 0.66 0.31 0.49
Peru 0.79 0.21 0.36 0.36 0.09 0.81 0.44 0.43
Russian Federation 0.63 0.24 0.16 0.45 0.41 0.65 0.44 0.42
Slovenia 0.48 0.16 0.56 0.39 0.54 0.63 0.55 0.47
Sweden 0.33 0.5 0.74 0.48 0.51 0.65 0.31 0.5
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